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The future interferon-free treatment of hepatitis C virus (HCV) infection could include NS3 protease
inhibitors (PIs) for potent pan-genotypic effect. We studied the prevalence of pre-existing PI resistance
associated amino acid variants (RAVs) in 126 treatment-naive patient samples of HCV genotypes 1a,
2b and 3a, the most common genotypes in Sweden. The NS3 genes were each amplified by nested PCR
method with degenerated primers to enable a broad genotype analysis. Population sequencing method
was used, and the sequences were aligned with the NS3 sequence from HCV genotype 1a H77 strain.
Interpretation of fold-change resistance to NS3 candidate drugs were done from already published phe-
notypic resistance data. The prevalence of known PI RAVs at baseline in genotype 1a was 28% (15/53),
either single (V36L or Q80K/R) or combinations (T54A/S and V55A/I) of mutation(s). In genotype 2b, spe-
cific mutations like V36L, Q80G and S122R of viral NS3 protease gene were found in 100% (11/11). These
may be the natural polymorphisms unique to genotype 2b. Similarly, specific mutations like V36L and
D168Q were found uniquely in all 3a samples (30/30). The natural PI RAVs found in genotype 1a,
although with relatively weak resistance, could still render up to 10-fold-resistance to the approved
(boceprevir and telaprevir) and the 2nd generation PIs (faldaprevir and simeprevir). Moreover, the natu-
ral polymorphisms in genotype 2b (i.e. S122R) and 3a (i.e. D168Q), with inherent PI drug resistance of up
to 20 and 700 fold respectively, would explain why current PIs are primarily directed against genotype 1.

� 2013 Elsevier B.V. All rights reserved.
1. Introduction

Hepatitis C virus (HCV) belongs to the Flaviviridae family, with
its genome consisting of a positive-sense, single-stranded RNA.
Globally, 170 million people are infected, with approximately
120–140 million chronic HCV carriers (Te and Jensen, 2010). In
Sweden, the prevalence is estimated to be about 0.5%, which is
approximately 45,000 HCV infected individuals (Duberg et al.,
2008; Norda et al., 1995; Shev et al., 1995). The Uppsala–Gävle–
Örebro region has a population of 1.4 million people, which is
equivalent to approximately 7000 HCV infected individuals. The
disease spreads through blood and blood products (Gravitz,
2011; Shepard et al., 2005). The developments in HCV diagnostic
assays and the stringent rules in blood donation, have reduced
the transmission of HCV via blood transfusions in Western coun-
tries (Prati, 2006). In Sweden, HCV infection is predominantly
found in drug abusers due to the practice of sharing needles or par-
aphernalia (Månsson et al., 2000).

Treatment for HCV is complicated by the existence of several
genotypes. HCV is classified into 7 genotypes (1–7) and >100 sub-
types, and genotype 1 (a and b) is the most common in the Wes-
tern countries (Nakano et al., 2012). The standard of care
treatment (SOC) is based on pegylated-interferon-a and ribavirin.
This combination therapy cures almost 80% of patients with HCV
genotype 2 or 3, however, more than 50% of the genotype 1 infec-
tions are unresponsive to this treatment regimen (Manns et al.,
2001). The reasons for treatment failure are mainly attributed to
the inefficiency against genotype 1 (and genotype 4), but also, to
some extent to the side effects (Hadziyannis et al., 2004; Kowdley,
2005). Interferon acts through the host immune system by enhanc-
ing the host immunity. The mode of action of ribavirin is still spec-
ulated, but it is not directly targeted to the HCV virus.
Pharmaceutical companies are developing drugs that directly tar-
get specific HCV proteins like NS3 protease, NS5B polymerase
and NS5A, all of them essential for HCV replication. In the summer
of 2011, the first two HCV NS3 protease inhibitors (PIs), namely
boceprevir and telaprevir, were approved in combination with
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Table 1
Primer sequences for HCV NS3 gene used during 1st and 2nd round of nested-PCR.

Primer Sequence 50 to 30 Position in HCV genome

1st Forward ATCACsTGGGGrGCrGAyAC 3238–3258 (in NS2 region)
1st Reverse AAyTTGCCrTAkGTGGAGTAyGT 4162–4185 (in NS3 region)
2nd Forward ACsGCrGCrTGygGGGACAT 3257–3276 (in NS2 region)
2nd Reverse GTGCTCTTrCCGCTrCCrGT 3983–4004 (in NS3 region)
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pegylated-interferon-a and ribavirin for treatment of chronic HCV
genotype 1 infection (Bacon et al., 2011). A new generation of di-
rectly acting antivirals (DAAs) will be available in the clinics by
2013–2015. For example, the PIs simeprevir, faldaprevir (previ-
ously BI-201335), and vaniprevir, are currently in phase 3 trials.
PIs are genotype specific to mainly type 1, whereas NS5B polymer-
ase inhibitors (i.e. nucleos(t)ide analogues) and NS5A replication
complex inhibitors have a broader range of activity (genotype 1–
6) (Soriano et al., 2011). However, studies have demonstrated that
simeprevir (PI) is fairly active against most genotypes with excep-
tion for 3a (Lenz et al., 2010), and lately, in a phase 2 trial, the novel
protease inhibitor MK-5172 showed an even broader activity
across genotypes than simeprevir (Summa et al., 2012).

In HCV infection, a high rate of viral turnover coupled with the
error-prone viral NS5B RNA polymerase will result in a rapid accu-
mulation of mutations (Martell et al., 1992). A study showed that
in comparison to HIV and HBV, HCV has the most error-prone poly-
merase with the highest ability to develop resistance to DAAs
when given as monotherapy (Soriano et al., 2008). With the use
of in vitro assays (replicon), a variety of mutations associated with
reduced susceptibility to DAAs have been identified in clinical plas-
ma samples (Lagace et al., 2012; Lenz et al., 2010; Lin et al., 2004).
Thus, the 1st generation PIs, boceprevir and telaprevir, are only ap-
proved to be used in combination with SOC; pegylated-interferon-
a and ribavirin, to minimize the development of resistance. Later
on, interferon free treatment will be available with a combination
of 2nd generation DAAs, e.g. NS3 PI, NS5A, NS5B nucleoside and
non-nucleoside inhibitors (Poordad and Chee, 2012; Hagan and
Schinazi, 2013).

Due to the high sequence diversity of HCV, naturally occurring
pre-existing resistance mutations have been found at low preva-
lence in HCV from treatment-naive patients (Bartels et al., 2008,
2013; Kuntzen et al., 2008). This was more prevalent for PIs than
for NS5B polymerase nucleoside analogue inhibitors, because PIs
involve less conserved binding sites than nucleoside inhibitors
(Soriano et al., 2011). In one study, 9% of the PI untreated patients
with genotype 1a infection had at least one pre-existing PI RAV in
dominant form (Kuntzen et al., 2008). They used the normal pop-
ulation DNA sequencing method with capillary electrophoresis
similar to the one used in our study, i.e. with a 20–25% detection
limit of mixes. Lately, methods using deep sequencing, with a
detection limit of mixes as low as of <0.1%, have showed the pos-
sibility to detect most RAVs (including the high resistance variants
i.e. at position 155, 156 and 168) in every PI untreated genotype 1
patient (Thomas et al., 2012).

Our aim was to study the prevalence of naturally occurring
mutations that could confer PI resistance in HCV infected patients
with genotype 1a, 1b, 2b and 3a, in the Uppsala–Gävle–Örebro re-
gion of Sweden. We interpreted the fold resistance data of PIs for
these HCV infected treatment naive patients, from already pub-
lished phenotypic resistance data with genotype 1.
2. Materials and methods

2.1. Patients and sample collection

This study was ethically approved by the Regional Research
Ethics Committee in Uppsala, Dnr 2009/023. The blood samples
from HCV infected patients were collected during 2005–2011,
and the serum was stored at �20 �C. The patients were all treat-
ment naive to PIs, whereas only a few had received interferon
and ribavirin regimen.

The serum blood samples were collected from 126 PI treat-
ment-naive HCV infected patients at the city hospitals in Uppsala,
Gävle and Örebro. The aim was to have at least 100 samples
sequenced. We adopted the RT-nested PCR method, followed by
sequencing (population sequencing) the whole HCV NS3 protease
gene and performing the interpretation of resistance mutations
with literature sources. Of the 126 patient samples, we could ob-
tain sequences with good quality for 99 patient samples, where
good quality was defined by the SeqScape� software as >20% toler-
ance for improper sequencing. The reason for not being able to
study more than 99 sequences might be the result of the degener-
ated primers (Table 1) not being able to detect all the target re-
gions, and also the use of random hexamers during the cDNA
synthesis.
2.2. RNA extraction, reverse transcription (RT) nested PCR and
sequencing

RNA extraction from the serum samples (500 lL) was done
using BioMérieux’s NucliSens� easyMAG™ system as per the man-
ufacturer’s guidelines. The extracted RNA (20 lL) was stored at
�70 �C. We synthesized cDNA from RNA template (9 lL) with
SuperScript™ III One-Step PCR System (Invitrogen) using random
hexamers. RT (reverse transcription) conditions consisted of pre-
incubation at 25 �C for 10 min, followed by incubation at 42 �C
for 60 min, final incubation at 85 �C for 5 min (to stop the reaction),
and later at 4 �C for storing. Nested-PCR was performed with in-
house primers targeting parts of the NS3 region using the TaqMan�

Universal PCR Master Mix (Applied Biosystems). Five microliter of
cDNA was used for the 1st round of nested-PCR. Thermocycling
conditions for the 1st round of nested-PCR consisted of 1 cycle at
94 �C for 4 min, followed by 35 cycles at 94 �C for 30 s; 50 �C for
30 s; 72 �C for 1 min; a final extension cycle (72 �C for 5 min),
and a hold at 4 �C. Two microliter of 1st round PCR product was
used for the 2nd round of nested-PCR. Thermocycling conditions
for the 2nd round of nested-PCR consisted of 1 cycle at 94 �C for
4 min, followed by 35 cycles at 94 �C for 30 s; 55 �C for 30 s;
72 �C for 1 min; a final extension cycle (72 �C for 5 min), and finally
a hold at 4 �C. The PCR products of 2nd nested-PCR were detected
by agarose gel (2%) electrophoresis. Positive samples were purified
using QIAquick� PCR Purification Kit (Qiagen) according to the
manufacturer’s guidelines. The purified products were sent to Upp-
sala Genome Center for capillary electrophoresis sequencing using
the nested primers. All in-house primers for the 1st round and the
2nd round nested-PCR are given in Table 1. The same primer se-
quences were also used by us in an another study (Danielsson
et al., 2013, Manuscript).
2.3. Mutation analysis

The HCV NS3 sequences were analyzed using SeqScape� Soft-
ware v2.6 (Applied Biosystems). We used the NS3 sequence of
HCV genotype 1a H77 strain for reference template, as recom-
mended for genotype 1 by the HCV drug development advisory
group meeting 2011 (HCV DrAG) (Kwong et al., 2011). To simplify,
we considered this reference template suitable for other genotypes
as well. The mutation sites were noted manually. For interpreta-
tion of patient samples, the fold resistance data for particular drugs
were taken from the literature sources mainly through HCV DrAG



Fig. 1. Distribution of HCV genotypes based on 872 patients that were analysed
during the year 2008–2012 in the Uppsala–Gävle–Örebro region.
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2012 (HCV Phenotype Working Group and HCV Drug Development
Advisory Group, 2012). Thus mutations/polymorphisms consid-
ered as potential RAVs (defined as difference from genotype 1a ref-
erence sequence H77) in this study are found at codon positions,
36, 41, 43, 54, 55, 80, 122, 155, 156, 168 and 170. Thereby, we at-
tempt to associate phenotype data from genotype 1 to other
genotypes.
3. Results

3.1. Distribution of HCV genotypes in the study

All of the 99 samples had been HCV genotyped prior to collec-
tion. The HCV genotype distribution was 1a in 53.5% (53/99), geno-
type 3a in 30.3% (30/99), genotypes 2b and 1b were found in a
Table 2
Fold resistance against PIs for the studied patient samples.

Mutations Genotype Fold resistance data from

1a (N = 53) 2b (N = 11) 3a (N = 30) Boceprevirt (SCH-503034)

n % n % n %

V36L 2 3.8 11 100 30 100 1.6
T54Aw 1 1.9 0 0 0 0 2.1
T54Sw 4 7.5 1 9.1 0 0 8.5
V55Aw 4 7.5 0 0 0 0 6.9s

V55Iw 3 5.7 0 0 0 0 NDA
Q80G 0 0 11 100 0 0 1.2
Q80K 3 5.7 0 0 0 0 0.8
Q80R 2 3.8 0 0 0 0 0.5
S122R 0 0 11 100 0 0 NDA
D168Q 0 0 0 0 30 100 NDA

NDA = No data available about fold resistance.
r Based on replicon assays with genotype 1a or genotype 1b. The fold resistance valu
s Given by (Susser et al., 2009).
t Given by (Lenz et al., 2010).
u Given by (Lagace et al., 2012).
v Given by (Lenz et al., 2012b).

w Three genotype 1a samples had double mutation T54S and V55I and one 1a sample
smaller number of patients constituting 11.1% (11/99) and 5.1%
(5/99), respectively. These percentages are close to the normal dis-
tribution of genotypes in the Uppsala region 2008–2012 (Fig. 1).

3.2. Mutations/polymorphisms in HCV NS3 protease gene in samples
from PI treatment-naive patients with respect to individual genotypes

The prevalence of PI RAVs in genotype 1a samples was found to
be 28% (15/53) (Table 2). Mutations V36L, T54A, T54S, V55A, V55I,
Q80K and Q80R were found in 3.8, 1.9, 7.5, 7.5, 5.7, 5.7 and 3.8% of
genotype 1a patients, respectively. Nearly 7.5% (4/53) of the geno-
type 1a patient samples had more than 1 PI RAVs, i.e. three had
T54S and V55I, and one had T54A and V55A. No PI RAVs were
found in the five genotype 1b samples.

The material included a total of 11 HCV genotype 2b patient
samples. All of them (100%) had multiple PI RAV related polymor-
phisms: V36L, Q80G and S122R. Specific mutation like T54S was
found in 9.1% (1/11) of genotype 2b patients.

HCV genotype 3a was seen in 30 patient samples. In all of them,
we found multiple PI RAVs like V36L, and D168Q. We did not find
any other PI RAV related polymorphisms in genotype 3a samples.

We did not discover any other potential RAVs in the genotype
1a, 1b, 2b and 3a samples, i.e. at codon positions 41(Q), 43(F),
155(R), 156(A) and 170(I/V) that differed from the genotype 1a
H77 strain. The same polymorphisms at these positions were ob-
served when H77 was compared with genotype 2b reference strain
AB030907 and genotype 3a strain D17763.

3.3. Interpretation of RAVs and polymorphism according to the
literature for fold-change of phenotypic resistance

We interpreted our findings using the in vitro fold resistance
data found in the literature for HCV NS3 protease gene mutations
associated with reductions in susceptibility to the two 1st genera-
tion PIs (boceprevir and telaprevir) and two 2nd generation agents
(faldaprevir and simeprevir) (Table 2). In our study, 3.8% of geno-
type 1a, 100% of genotype 2b and 100% of genotype 3a had a spe-
cific mutation V36L. According to the literature, this mutation
confers reduced susceptibility to telaprevir with a 3.1-fold increase
in IC50 when compared with the wild type in a replicon assay (Lenz
et al., 2010). Similarly, 7.5% of genotype 1a patients had a specific
mutation T54S. This mutation confers resistance to faldaprevir
with 3.5-fold increase in IC50 (Lagace et al., 2012). Further, the PI
RAVs in genotype 1a were quite diverse in comparison with other
literaturesr

Telaprevirr (VX-950) Faldapreviru (BI-201335) Simeprevirt,v (TMC-435)

3.1 NDA 1.7
7.5 0.9 0.6
NDA 3.5 1.2
NDA NDA NDA
NDA NDA NDA
1.2 NDA 1.8
0.5 2.2 7.7
0.6 2.6 6.9
NDA NDA 20
NDA NDA 700

es are in comparison with the wild type.

had double mutation T54A and V55A.
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genotypes in our study. One genotype 1a had mutation T54A. This
mutation confers resistance to multiple drugs (i.e. both boceprevir
and telaprevir) with 2.1 and 7.5-fold increase in IC50, respectively
(Lenz et al., 2010). Mutation V55A tends to confer a 6.9-fold re-
duced susceptibility to boceprevir (Susser et al., 2009), we found
7.5% of genotype 1a with this mutation. Mutation Q80 K/R confers
between 2–7-fold resistance to both faldaprevir and simeprevir
(Lagace et al., 2012; Lenz et al., 2010), and in our study, five geno-
type 1a samples were found as three Q80K and two Q80R.

In contrast to the relatively low levels of resistance for RAVs in
genotype 1a, certain polymorphisms namely, S122R in genotype
2b and D168Q in 3a, stand out. In studies with replicon assay of
the S122R and D168Q, as site directed mutations in genotype 1b
background, conferred 20 and 700 fold resistance to simeprevir,
respectively (Lenz et al., 2012b).
4. Discussion

The introduction of DAAs along with the pegylated-interferon-a
plus ribavirin regimen to treat HCV genotype 1 infections is a land-
mark for HCV treatment. PIs rapidly reduce the viral load in most of
the treated genotype 1 patients, the sustained viral response (SVR)
rates increase, and the length of treatment may often be reduced in
comparison with the old SOC regimen (Bacon et al., 2011; Zeuzem
et al., 2011). However, there is a risk for development of resistance
against the DAAs. A study demonstrated that, when HCV genotype
1a was treated with telaprevir as monotherapy, within 14 days,
100% of the variants isolated from the patients showed resistance
to that drug (Susser et al., 2011). It is well known that many muta-
tions involved in the resistance to PIs have a diminishing effect on
viral fitness (He et al., 2008). However, some substitutions have
less critical fitness effect, e.g. when placed further from the prote-
ase catalytical site. Subsequently, naturally occurring mutations
that confers reduced susceptibility have been found occasionally
in patients even prior to the start of treatment with DAAs (Bartels
et al., 2008, 2013; Kuntzen et al., 2008). These studies only in-
cluded genotype 1 patients. However, other studies of natural
resistance to PIs also included genotype 3a besides 1a and 1b
(Gaudieri et al., 2009), and lately prevalence of PI RAVs have been
studied in genotype 1a, 1b, 2c, 3a and 4a/c/d (Paolucci et al., 2012).
No previous study has included the prevalence of baseline PI RAVs
in HCV-infected patients in Sweden. In this case, genotypes 1a, 2b
and 3a were included, which represents 39, 17 and 33%, respec-
tively, in the Uppsala–Gävle–Örebro region (Fig. 1). Furthermore,
previous studies have not tried to fully interpret the fold resistance
level associated with PI failure in such genotypes, except the study
by Bartels et al. (2013), although it included only genotype 1a and
1b.

In this study, the prevalence of PI RAVs was high (28%) in the
genotype 1a samples. We could not find any RAVs in the genotype
1b patient samples; this might be due to the small number of sam-
ples from such patients. As seen in Table 2, most of the baseline
RAVs found in genotype 1a confers relative low level of resistance
(2–3-fold change) which could be considered within the error
range of the replicon assays. However, some of the 54, 55 and 80
variations render 7–8-fold level to either boceprevir, telaprevir or
simeprevir. Four genotype 1a patients had mutations at two codon
positions in the viral NS3 protease gene; T54S + V55I (in three pa-
tients) and T54A + V55A (in one patient). The combination of these
low level boceprevir/telaprevir resistant mutations has been ob-
served by others and does not seem to additionally increase resis-
tance to PIs, probably due to joint steric interaction by these
residues (Welsch et al., 2012).

All genotype 2b samples had specific mutations like V36L, Q80G
and S122R. They may represent the natural polymorphisms that
distinguish genotype 2b from the rest. The mutations V36L and
Q80G provides insignificant level of resistance against PIs (HCV
Phenotype Working Group and HCV Drug Development Advisory
Group, 2012). It has lately been confirmed that S122R mutation ap-
pears along with R155K mutation in genotype 1a patients who are
failing simeprevir monotherapy (Lenz et al., 2012a). Furthermore,
recent in vitro studies displays that the S122R mutation renders
20-fold resistance to simeprevir (Lenz et al., 2012b). This may be
considered a novel finding to explain genotype 2b inherent PI drug
resistance. It has been confirmed in a study of the same position
but in genotype 2a, where K122 instead of R122 was found in 2a
(Chan et al., 2012). In this study with site directed mutagenesis
at position K122S on genotype 2a in a 2a-JFH1 replicon, i.e. when
reverting it to the genotype 1 wild type, an enhanced susceptibility
to PIs was observed, which should have the same consequence as
reverting genotype 2b; R122S.

All genotype 3a samples had specific mutations like V36L and
D168Q. They may represent the natural polymorphisms unique
to genotype 3a. Amino acid change at codon position 168 from D
to A/E/G/H/I/N/T/V/Y has been well studied for its resistance
against faldaprevir, simeprevir and vaniprevir, resulting in 50–
1000 fold resistance (Lagace et al., 2012; Lenz et al., 2010). Lately,
it has been confirmed, with in vitro experiments using site directed
mutagenesis of a genotype 1b clone, that D168Q mutation renders
a 700 fold resistance to simeprevir (Lenz et al., 2012b). This prob-
ably explains why no 2nd generation PI candidates are effective
against genotype 3a.

One should bear in mind that there could be other amino acid
changes at unknown positions in genotype 2b and 3a that also con-
fer resistance to these PIs (Lennerstrand et al., 2009). In addition to
the Table 2 summarized through HCV DrAG 2012 (HCV Phenotype
Working Group and HCV Drug Development Advisory Group,
2012), further studies with site directed mutagenesis are needed
to explain why current PIs are not effective to genotype 2b and
3a. Such studies, as described above, should also be done with
genotype (2 and 3) specific reference sequences, instead of using
genotype 1.

One of the aims with this study was to search for the notorious
R155K mutation in treatment-naive subjects. Mutation at codon
position R155 (mainly R155K) confers 10–100 fold resistance to
all 1st and 2nd generation PIs. This mutation is frequently found
in genotype 1a treatment failure patients (HCV Phenotype Work-
ing Group and HCV Drug Development Advisory Group, 2012),
and has a half life time of 1–2 years (Strahotin and Babich, 2012).
Notably, a 3rd generation PI, MK-5172 in phase 2 studies has
shown very promising resilience towards mutation at codon 155,
including the other most known RAVs (Summa et al., 2012). The
mutation K at codon 155 found in genotype 1a treatment failure
patients, is an example of an amino acid change that has less
diminishing effect of HCV replication capacity compared to the
wild type (He et al., 2008). Other high level PI resistance mutations
such as A156 V/T and D168A/V, are never observed with popula-
tion sequencing method at baseline for genotype 1, since altera-
tions at these positions probably impair the protease activity to a
high degree. In a study by others, the R155K mutation was found
in HCV 1a treatment-naive subjects (approx 1%) using the same
type of population sequencing method as we did (Kuntzen et al.,
2008; Bartels et al., 2013). It is known that mutation at R155K oc-
curs mainly in genotype 1a because of the favourable codon shift
(only one nucleotide substitution is needed) but not in genotype
1b (two needed) (Fig. 2). Similarly, we observed (with BLAST
search) that genotypes 2b and 3a also need only one nucleotide
substitution for the amino acid change from R to K at position
155 (Fig. 2). Thus, in combination with results from the Kuntzen
et al. (2008) study and the one nucleotide switch, we expected to
detect the notorious R155K in genotype 2b and 3a besides in 1a.



Fig. 2. R155K variants according to the genotypes. R155K is an example of an amino
acid change that does not diminish the replication capacity compared to wild type.
It is known that R155K mutation mainly occurs in genotype 1a treatment failure
patients, because of favourable codon shift. In Sweden, there is a high prevalence of
genotypes 2b and 3a as well. For both these genotypes only one nucleotide
substitution is needed for R155K mutation (our observation with BLAST search).
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However, we did not find any natural mutation at the 155 position
in 53 genotype1a, 5 genotype 1b, 11 genotype 2b, and 30 genotype
3a samples. The reason may be the limited number of samples and
that the population sequencing method only bear a 20–25% detec-
tion limit of mixes.

In the study by Bartels et al. (2013), treatment outcome was
examined together with pre-existing PI mutation for more than
2000 genotype 1a patients. It was observed that patients with
baseline R155K in general had an unfavourable less decline of
the HCV RNA level, compared to subjects with no baseline RAVs,
after four weeks therapy with SOC plus telaprevir (triple therapy)
(Bartels et al., 2013). The patients with baseline RAVs V36M and
T54S also showed a less decrease of RNA level, but not to the same
extent as those with R155K, during triple treatment. However, it is
difficult to predict treatment outcome based on baseline PI RAVs,
since even the patients with major resistant variants often achieve
SVR. This as triple therapy is mainly linked to activity of interferon,
which activity varies depending on host genetics (IL28B status
etc.). In the study by Bartels et al. (2013), of the 2000 1a subjects,
they found 18 with pre-existing R155K, whereas three of these
were found to be prior non responders to interferon, and neither
of the three obtained SVR (Bartels et al., 2013). For such small per-
centage (3/2000) of genotype 1a patients to predict non-SVR, this
does not motivate the use of baseline sequencing to accurately pre-
dict the efficacy of treatment with current triple therapy. However,
when more DAA drug classes are available and used for all geno-
types, baseline RAVs may be of interest to predict individual’s opti-
mal combination of DAAs in non-interferon regimes. Further
information is needed of phenotypic susceptibility data between
genotypes.

To conclude, PI RAVs were found in 28% of PI treatment naive
patients infected with HCV genotype 1a. All patients with HCV
genotype 2b had amino acid change patterns at positions V36,
Q80 and S122, and all genotype 3a patients at positions V36 and
D168. The baseline RAVs found in genotype 1a have relatively
weak resistance to the approved and the 2nd generation NS3 inhib-
itors. However, the natural polymorphisms in genotype 2b (i.e.
S122R) and 3a (i.e. D168Q), may have resistance levels against a
2nd generation NS3 inhibitor of up to 20- and 700-fold respectively
in comparison with a wild type genotype 1b strain. Our prelimin-
ary results indicate that further evaluation is needed to study the
role of baseline RAVs in non-genotype 1 for future interferon-free
combo DAA treatments.
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