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HCV; Background and aims: Treatment for hepatitis C has evolved significantly with the licensing of
RAS; direct-acting antiviral drugs (DAAs). However, one of the limiting factors of the effectiveness of
Protease inhibitors antiviral therapy with protease inhibitors (Pls) is the emergence of resistance caused by point

mutations. The aim of this study was to determine the prevalence of resistance-associated
substitutions (RASs) in HCV NS3 gene in patients infected with genotype 1 before therapy with
simeprevir.

Methods: A total of 73 serum samples from 15 treatment-experienced patients with bocepre-
vir/telaprevir and 58 DAA-naive patients were collected before therapy with DAAs simeprevir,
daclatasvir and/or sofosbuvir. Presence of baseline resistance-associated substitutions (RAS) in
the serine protease domain of HCV NS3 was analyzed by nucleotide sequencing followed by
amino acid deduction.

Results: Overall RAS prevalence in this study was 13.7% (10/73). RAS prevalence for HCV subtype
1b was 17.4% (4/23) while for HCV subtype 1a was 12% (6/50). Primary mutations V36M/L and
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R155K were observed only in HCV subtype 1a, whereas T54S and Q80K were identified only in
HCV subtype 1b. RAS V36M, which is related to reduction of susceptibility to second-generation
Pls, was the most frequent in the study (6.9%; 5/73).

Conclusions: Our results indicated that Brazilian isolates of HCV present a distinct pattern of
RAS depending on the infecting viral subtype. In contrast to data from other countries, RAS Q80K
prevalence in Brazil is low in HCV subtype 1a. This study improves the knowledge of genetic
barrier for resistance to Pls involving RASs in chronically infected patients and its possible
impact on an unsuccessful treatment outcome, information that might be crucial to upcoming
decisions of incorporation of new DAAs in Brazilian guidelines of antiviral therapy against HCV

infection.

© 2019 Elsevier Masson SAS. All rights reserved.

Introduction

It is estimated that 71 million people worldwide are chron-
ically infected with hepatitis C virus (HCV) and the number
of deaths each year mostly from cirrhosis and hepatocellu-
lar carcinoma is approximately 399,000 [1]. An important
clinical aspect of hepatitis C is the high rate of progression
to chronicity observed in about 85% of individuals infected
by HCV. A substantial fraction of these chronic carriers
might develop progressive liver fibrosis, eventually leading
to cirrhosis and hepatocellular carcinoma (HCC) [2]. HCV is
classified in seven genotypes (1—7) and 67 subtypes [3]. The
most common subtypes in Western countries are 1a and 1b
[4].

Until 2011, the therapy for chronic hepatitis C was based
in a combination of pegylated-interferon and ribavirin (peg-
IFN/RBV), a long-term therapy that, besides the severe
undesirable side effects [5], had not produced encourag-
ing results in sustained virological response (SVR) mainly for
patients infected with HCV genotype 1 [6]. Due to this unsat-
isfactory therapeutic approach, a regimen with fewer side
effects, reduced rates of patient withdrawal and increased
effectiveness in preventing the progression to decompen-
sated cirrhosis and HCC has been the focus of several
studies of drug development and clinical trials during the
last decade. Advances in cell cultures lineages permissive to
HCV infection had represented a milestone in understand-
ing about viral life cycle. Along with the three-dimensional
computational modelling of viral proteins, several molecules
capable of a specific inhibition of proteins acting in different
stages of virus replication have been developed and nomi-
nated as direct-acting antiviral drugs (DAAs) [7]. Among the
targets for DAA is the HCV NS3 serine protease, a protein
that forms a non-covalent complex with NS4A and is respon-
sible for the cleavage of the non-structural portion of the
translated viral polyprotein.

In 2013, first-wave, first-generation drugs telaprevir and
boceprevir was the first protease inhibitors (Pls) incorpo-
rated in Brazilian Clinical Guidelines for the treatment
of patients infected with HCV genotype 1. Based on this
2013 Clinical Guideline, telaprevir could be used for both
naive and experienced patients whereas boceprevir was only

indicated for treatment-naive patients with advanced fibro-
sis METAVIR F3 and F4. Its combination with peg-IFN/RBV
yielded an improvement in the SVR rate up to 75% [8—12].
Nonetheless, significant side effects and unsatisfactory effi-
ciency against genotype 1 highlighted the necessity of
development of compounds targeting different viral proteins
in order to achieve higher SVR rates and viral clearance.
More recently, other HCV PlIs have been incorporated to
Clinical Guidelines and can be prescribed irrespective of
patients’ treatment records. Simeprevir, a second-wave,
first-generation NS3/4A PIl, daclatasvir (NS5A inhibitor) and
sofosbuvir (NS5B polymerase inhibitor) were approved for
clinical use in Brazil in 2015. Its genotypic coverage is
broader than that of the first-wave drugs, including at least
genotypes 1, 2, and 4 [13]. In 2017, paritaprevir in com-
bination with ombitasvir, ritonavir and dasabuvir has been
licensed in Brazil for subtype 1a patients without cirrho-
sis and for subtype 1b patients with compensated cirrhosis
(Child—Pugh A). A second-generation PI, grazoprevir, co-
administrated with elbasvir was incorporated in clinical
protocol for patients infected with HCV genotype 1 and 4.
Pangenotypic Pls, such as glecaprevir and voxilaprevir, are
not yet registered in Brazilian regulatory agency however
represents a promising alternative for patients with or with-
out cirrhosis.

The occurrence of naturally HCV NS3 resistance-
associated substitutions (RAS) affects virological outcome of
DAA-based combination therapies [14—19]. For the majority
of NS3 protease inhibitors the frequency of natural occur-
rence of single RASs in HCV genotype 1-infected patients
is between 0.1% and 3.1% [20] and patients who failed
to respond to simeprevir treatment had mutations at NS3
positions 80, 122, 155, and/or 168 [21]. Naturally occur-
ring resistance have been reported in 4.1% to 18.9% of
HCV infected patients with baseline NS3 mutations [22,23].
Detecting resistant variants at baseline in treatment-naive
patients infected with genotype 1 strains could represent
an important background information to a more specific and
efficient clinical conduct. The aim of this study was to deter-
mine the prevalence of naturally occurring RASs in the serine
protease domain of HCV NS3 region in patients chronically
infected with subtypes 1a and 1b.
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Table 1  Patients characteristics according to HCV subtype.
Characteristics Subtype Total
1a (n=50) 1b (n=23)

Gender

Male 27 8 35

Female 23 15 38
DAA-experienced patients (group 1) (telaprevir/boceprevir) 14 1 15
DAA-naive patients (group 2) 36 22 58
Mean HCV viral load (IU/mL log10) + SD 5.76 +0.63 5.77 +0.55 5.76 +0.6

Patients and methods

Study population

This study enrolled 73 individuals chronically infected with
HCV genotype 1 who attended the Ambulatory of Viral
Hepatitis (Oswaldo Cruz Institute) and Gaffrée & Guinle
University Hospital between 2013 and 2016. Of the 73 indi-
viduals, 15 (1a: 14; 1b: 1) were treatment-experienced with
first-wave, first-generation Pls boceprevir/telaprevir (group
1) and 58 (1a: 36; 1b: 22) have not been experienced with
DAAs (group 2) (Table 1). Serum samples were collected
before therapy with DAAs simeprevir, daclatasvir and/or
sofosbuvir approved in 2015. The study included patients
over 18 years old, both female and male, with positive diag-
nostic for chronic hepatitis C (Anti-HCV reagent for more
than six months and confirmation with detectable HCV-RNA)
and infected with HCV genotype 1 (subtypes 1a and 1b).

Ethical approval

Written informed consent was obtained from each patient
before entering the study. This study was approved by the
ethics committee from Oswaldo Cruz Foundation under num-
ber 142/01, and by the ethics committee of Gaffrée & Guinle
University Hospital under number 204.445.

RNA extraction

RNA extraction from serum samples (200 L) was done
using High Pure Viral Nucleic Acid Kit (Roche Life Science,
Mannheim, Germany) following manufacturer’s instructions.

Extracted RNA was eluted in 50 pL and stored at —70°C until
further analysis.

Reverse-transcription and PCR amplification

Partial NS3 region of HCV genome covering nucleotides
3465—3961 (~500 bp) was amplified by one-step reverse-
transcription (RT) with polymerase chain reaction (PCR)
followed by a second round of PCR (Nested-PCR) using
specific primers for each subtype (Table 2). The first
round PCR amplification was carried out using reagents
from the Superscript™ 1l One Step RT-PCR system (Ther-
moFisher, Massachusetts, USA). RT-PCR mixture contained
10 M of specific sense and antisense primers, 2X reaction
mix, SuperScript™ 1l RT/Platinum® Tag DNA Polymerase
(4U/pL), RNaseOUT Recombinant Ribonuclease Inhibitor
(ThermoFisher) and 5 plL of viral RNA. The conditions for
RT-PCR were as follows: 45°C for 30min for reverse-
transcription followed by an initial activation of DNA
polymerase at 94°C for 2 min, then 40 cycles at 94°C for
15sec, 60°C for 30sec and 68 °C for 120 sec and a final elon-
gation at 68 °C for 5 min. Five microliters of the product was
subjected to a second round of PCR that contained 10 uM of
specific sense and antisense primers, 10x PCR buffer, 10 mM
of dNTP, 50mM of MgS04 and Platinum® Taq High Fidelity
(5U/pl). After aninitial denaturation at 94 °C for 2 min, DNA
was amplified for 30 cycles at 94 °C for 15 sec, 54 °C for 30 sec
and 68°C for 120seconds. PCR products of the expected
length of 495 and 496 base pairs for subtypes 1a and 1b,
respectively, were fractionated by 1.5% agarose gel elec-
trophoresis, stained with ethidium bromide and visualized
under UV light.

Table 2  Primers for amplification of NS3 region of HCV subtypes 1a and 1b.

Primers Polarity PCR Position Subtype Sequences (5’—3’)

1aF1 Sense RT-PCR 3456—3475 1a GCCTCYTAGGRTGYATARTYAC
1aR1 Antisense RT-PCR 3948—3967 1a ACCGGGGACCTCATRGTTGT
1aF2 Sense Nested-PCR 3466—3484 1a GYATARTCACCAGCYTRAC
1aR2 Antisense Nested-PCR 39423961 1a GACCTCATRGTTGTCTYTAG
1bF1 Sense RT-PCR 3456—3475 1b CTACTTGGYTGYATCRTCAC
1bR1 Antisense RT-PCR 4071—4090 1b TTGTACCCTTGGGCYGCRTA
1bF2 Sense Nested-PCR 3465—3484 1b TGYATCRTCACYAGCCTCAC
1bR2 Antisense Nested-PCR 3942—-3961 1b GACCGCATRGTRGTYTCCAT
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Table 3 Amino acid mutations in the NS3 protein and their association to protease inhibitors used in clinical therapy for
subtypes 1a and 1b of HCV.

Amino acid RAS Subtype Drugs
position
1a (n=50) 1b (n=23) TVR BOC SMP PTV ASU GZV
V36 V36L 1 RS/RS R/R RS/RS  S/S RS/RS  S/RS
V36M 4 — R/R R/R RS/RS RS/S RS/RS RS/RS
F43 F43V — 1 S/S RS/RS R/R S/S S/S S/S
T54 T54S — 1 RS/R R/R S/S S/S S/S S/S
Q80 Q80K — 1 S/S S/S R/R S/S S/RS S/S
Q80H = 1 S/S S/S RS/RS  S/S S/S S/S
V36+R155 V36M + R155K 1 — R/R R/R R/R R/S R/R RS/S

S: susceptible; R: resistant; RS: reduced susceptibility (association to resistance, insufficient evidence for clinical outcome); TVR:
telaprevir; BOC: boceprevir; SMP: simeprevir; PTV: paritaprevir; ASU: asunaprevir; GZV: grazoprevir.

Nucleotide sequencing

The NS3 nested-PCR products were purified using High Pure
PCR Product Purification Kit (Roche Life Science) and DNA
concentration of each sample was estimated with Low DNA
Mass Ladder (ThermoFisher). Purified products were sub-
jected to nucleotide sequencing reactions in both directions
using the Big Dye Terminator v3.1 Cycle Sequencing kit
(Applied Biosystems, Foster City, CA, USA) according to the
manufacturer’s instructions and analyzed on an ABI 3730 DNA
automated sequencer (Applied Biosystems).

Mutation analysis

The obtained nucleotide sequences were assembled in MEGA
version 6.0 [24] to obtain consensus and compared by align-
ment with NS3 sequences of representative reference strains
of each HCV subtype obtained from the Los Alamos HCV
Sequence Database [25]. To evaluate the presence of resis-
tance mutations to DAAs, sequences from the HCV NS3
region were analyzed for substitutions in amino acid residues
described in the literature associated or not with some
degree of Pl resistance: V36, Q41, F43, T54, Q80, S122,
R155, A156, D168 and V170.

Statistical Analysis

Univariate analyses were used to associate hepatitis C
subtypes and groups included in the study. Fisher’s exact
test and Pearson chi-square were chosen when appropri-
ate to test the significance level of associations, which was
assessed at the 0.05 probability level. All analyses were
performed using software Epilnfo version 7.1 (Centers for
Disease Control and Prevention, Atlanta, GA, USA).

Results

Overall RAS prevalence in this study was 13.7% (10/73).
Among 73 patients enrolled in this study, 15 were treatment-
experienced with first-wave Pls telaprevir/boceprevir
(group 1) and 58 have not been treated with DAAs (group 2).
The observation of amino acid residues of HCV NS3 in group 2
identified RASs at positions 36, 43, 54 and 80 in 6/58 (10.3%)

patients. Regarding group 1 patients, RASs were identified
in 4/15 (26.7%) at positions 36 (n=3) and 155 (n=1) in HCV
1a sequences.

Regarding HCV subtypes, the frequency of RAS in subtype
1b was 17.4% (4/23) while in subtype 1a was 12% (6/50).
Primary mutations V36M and R155K were observed only in
HCV subtype 1a, whereas T54S and Q80K were identified
only in HCV subtype 1b. The positions 156 and 168, which
are highly related to resistance to Pls, remained conserved
in all 73 sequences. The association between amino acid
mutations identified in NS3 region and resistance to protease
inhibitors for HCV subtypes 1a and 1b is exposed in Table 3.

Regarding patients infected with HCV subtype 1a, 28.6%
(4/14) from group 1 presented RASs while resistance strains
were identified in 5.6% (2/36) of the individuals from group
2 (P=0.044). For both groups, substitutions were observed
at NS3 residue 36: 3 patients from group 1 presented RAS
V36M and a combination of V36M+R155K was identified in
another individual. For group 2, resistance strains V36L and
V36M were found in two non-experienced patients.

In patients infected with HCV subtype 1b, RAS prevalence
for group 2 was 18.1% (4/22). ldentified mutations were
F43V (1/22; 4.6%), T54S (1/22; 4.6%), Q80H (1/22; 4.6%) and
Q80K (1/22; 4.6%). No mutations were found in the patient
infected with HCV subtype 1b previously experienced with
first-wave DAAs.

Discussion

In this study, 73 patients infected with HCV subtype 1a or
1b were evaluated to identify RASs previously reported in
literature. Until the end of 2015, telaprevir and bocepre-
vir were the unique PlIs available for hepatitis C treatment
in Brazil. However, the licensing of three drugs in 2015
(simeprevir, daclatasvir and sofosbuvir) allowed new com-
bined therapeutic options. Simeprevir, a second-wave PlI,
was recommended for patients with non-advanced liver
disease whereas the combination of DAAs daclatasvir
(NS5A inhibitor) and sofosbuvir (NS5B nucleotide analogue
inhibitor) was the main therapy for treatment-experienced
patients especially those with decompensated cirrhosis.
Recently, other PIs were included in clinical protocols for
treating genotype 1-infected patients such as paritaprevir

https://doi.org/10.1016/j.clinre.2019.02.009

Please cite this article in press as: Costa VD, et al. Prevalence of baseline NS3 resistance-associated substitutions (RASs)
on treatment with protease inhibitors in patients infected with HCV genotype 1. Clin Res Hepatol Gastroenterol (2019),



https://doi.org/10.1016/j.clinre.2019.02.009

+Model
CLINRE-1247; No. of Pages7

Prevalence of baseline NS3 resistance-associated substitutions (RASs) on treatment with protease inhibitors in patients 5

combined with dasabuvir/ombitasvir and grazoprevir with
elbasvir.

As expected, RAS prevalence for treatment-experienced
patients who failed therapy with first-wave, first-generation
drugs telaprevir/boceprevir was higher compared to non-
experienced patients likely due to drug-selective pressure.
For non-responders to previous therapy, resistance sub-
stitutions represent a negative prognosis factor for new
treatments with DAAs [26—28]. For 4 patients analyzed in
the present study who failed previous therapy, the presence
of RAS might have been the cause of non-response while
for other telaprevir/boceprevir non-responder patients in
whom no RASs were detected, other host or virological
factors could have contributed to unsuccessful treatment.
Medical records did not describe how long, after the
treatment with first-wave drugs, serum samples from non-
responder patients were collected. Thus, since it would
be expected that wild-type strains could re-emerge as the
major viral population some time after the absence of selec-
tive pressure imposed by drugs, a therapeutic failure due to
the presence of RAS could not be excluded. However, previ-
ous DAAs non-response could also be associated with other
factors, such as infection with HCV subtype 1a, cirrhosis and
high infective viral load [29].

NS3 RAS prevalence in group 2 was lower in subtype 1a
(5.6%) compared to subtype 1b (18.1%). The presence of
resistance in patients of subtype 1b not exposed to drug-
selective pressure suggests a prime infection with RASs
strains. Considering both groups, this study identified higher
proportion of RASs in HCV subtype 1b sequences when com-
pared to subtype 1a (17.4% vs. 12%), a distinct pattern from
that observed in a previous Brazilian study enrolling blood
donors, where the presence of RAS in subtype 1a was signifi-
cantly higher than in subtype 1b (20% vs. 8%) [30]. This might
be related to differences in the study population (more than
20% of our samples were from individuals previously experi-
mented with DAAs) and/or which amino acid positions were
evaluated and taken in consideration when calculation RAS
proportion between subtypes.

According to literature, RASs V36M, T54S, Q80K and
R155K are considered primary resistance mutations to dif-
ferent Pls. RASs V36M and R155K can reduce susceptibility to
recently approved Pls simeprevir, paritaprevir and grazopre-
vir [18,31,32]. T54S is associated to resistance for first-wave
telaprevir [33]. Q80K is highly associated with resistance to
simeprevir [34].

The presence of RAS V36M in HCV strains could be related
with therapeutic failure experimented by four patients in a
previous treatment with telaprevir. The identification of this
substitution in one patient from group 2 suggested a primary
infection with a drug-resistant viral variant, an observa-
tion that warns for the circulation of resistant strains that
could impact the effectiveness of DAAs in the near future.
For all five patients with RAS V36M, combined therapy with
new generation Pls should not be considered since V36M is
associated with resistance to the majority of approved NS3
DAAs. Indeed, since it was already available in Brazil, treat-
ment with sofosbuvir combined with daclatasvir was chosen
and all five patients had similar treatment outcome which
was undetectable HCV RNA after 12 weeks post-treatment.
A study conducted a retrospective analysis to determine
the prevalence of resistance mutations among telaprevir-

treated patients [33] and V36M mutation was identified in
28/232 (12%) patients which failed telaprevir therapy, thus
demonstrating its importance as a mutation indicative of
resistance whose poor prognosis does not reveal reliability
in the use of first-generation PIl. Barnard et al. [35] identi-
fied resistance mutations in non-responders to triple therapy
with boceprevir/peg-IFN/RBV infected with subtype 1a and
concluded that V36M can be a major cause of therapeu-
tic failure with the use of first-wave Pls. Results from the
present study demonstrated that mutations at position 36
were found in both DAA-experienced and non-experienced
patients included in the study, which indicated that treat-
ment with DAAs other than Pl should be considered in order
to minimize risk of resistance and achieve SVR in these
patients.

Among RASs observed in patients from group 2, RAS T54S
was identified in one patient infected with subtype 1b. This
mutation had been shown to cause resistance to boceprevir
and telaprevir, but not to simeprevir [36]. This was con-
firmed here since this patient achieved SVR after 12 weeks of
treatment with simeprevir. The low prevalence of RAS T54S
(4.6%) in patients not treated with DAAs was also reported
in previous Brazilian studies [30,37].

In the present study, RAS Q80K was not observed in
isolates of subtype 1a and was only detected in one sub-
type 1b sample from a group 2 patient with compensated
hepatic cirrhosis, type 2 diabetes mellitus and systemic
arterial hypertension. In 2016, this patient was asymp-
tomatic and decided not to continue with other available
DAA therapeutic options. Q80K is most frequently observed
in subtype 1a isolates and is rarely detected in HCV sub-
type 1b [20]. Studies had reported the high prevalence of
Q80K mutation in USA (37—47%) [38,39]. Sarrazin et al. [40]
evaluated NS3 baseline RASs from 467 patients and results
for Q80 polymorphisms demonstrated high prevalence for
Pl treatment-experienced patients (110/265; 41.5%) and
Pl treatment-naive patients (93/202; 46%). In contrast to
data from other countries, Q80K prevalence in Brazil is low
[30,37,41]. Therefore, due to low prevalence of this muta-
tion in Brazilian strains reported in previous studies and
corroborated here, there is no need to incorporate pretreat-
ment resistance tests for infected patients with subtypes 1a
and 1b of HCV in Brazil. Even with the identification of this
variant, the use of other Pls is not limited since there is no
evidence with resistance.

RAS R155K is related to resistance to first and second-
wave Pls. A study reported a higher frequency of treatment
failure for subtype 1a due to low genetic barrier to viral
resistance when compared to subtype 1b [13]. Sarrazin
et al. [36] described that combination of substitutions
V36M + R155K induces high resistance to telaprevir and may
inhibit drug action. In the present study, combination of
mutations at loci 36 (V36M) and 155 (R155K) was identi-
fied in one telaprevir-experienced patient infected with HCV
subtype 1a. After 12 weeks of therapy with telaprevir, viral
load was 4.74 logyo IU/mL and it was decided to suspend
the treatment. RAS R155K confers resistance to all avail-
able PIs for subtype 1a strains and new therapeutic options
for this patient should target other non-structural HCV pro-
teins. Indeed, in this case, a rescue therapy with NS5B and
NS5A inhibitors was selected and HCV RNA was undetectable
after 4 weeks.
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Substitutions V36L, F43V and Q80H were identified in the
present study. RAS V36L is associated with resistance to
boceprevir [18]. In 2015, Brazilian clinical practice guide-
lines on the management of hepatitis C no longer included
combined therapies with boceprevir or telaprevir as a treat-
ment option. RAS V36L was identified in one subtype 1a
patient from group 2. A 12-week therapy with simeprevir
was initiated. V36L was not related with less susceptibility
to this drug and SVR was achieved post-treatment.

Analysis of mutations associated with resistance among
patients infected with HCV subtype 1b indicated the pres-
ence of RAS F43V in a DAA treatment-naive patient. To
our knowledge, this is the first report of this mutation
in vivo. Resistance profile for Pls was described in vitro
and pointed out F43 locus as associated with resistance
to simeprevir [18]. RAS Q80H, which can reduce suscep-
tibility to simeprevir, was identified in one patient from
group 2 infected with subtype 1b. Treatment with bocepre-
vir was selected for this patient and Q80H did not influenced
treatment response since SVR was achieved after treat-
ment. No Brazilian data have described this mutation among
treatment-naive patients.

In conclusion, genetic data from HCV strains circulating
in Brazil reported in this study pointed out that the use
of simeprevir, paritaprevir, asunaprevir and grazoprevir has
a high probability of being effective in our country. The
genetic barrier for resistance to Pls can vary according to
different genotypes and its specific polymorphisms; hence,
this study will contribute to the knowledge of the impact
of RASs for HCV subtypes 1a and 1b and your relation to
first and second-generation Pls in strains circulating among
Brazilian HCV chronic carriers.
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