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Detection of Pre-treatment mutations leading to resistance to direct
hepatitis C virus blocking drugs in patients with chronic hepatitis C
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Abstract

Background & Aims: Human is the only host of hepatitis C virus. This virus is a member of
Hepacivirus genus in Flaviviridae family. It is an enveloped virus contains a positive single
stranded RNA with approximately 9.6 Kb. The main rout of transmission is through the
blood and secreted fluids so, HCV is considered as a blood- borne virus causing a spectrum
of mild illness to end-stage liver disease such as hepatocellular carcinoma (HCC). There are
7 confirmed genotypes. It is estimated that the prevalence of HCV infection is between
0.3%- 0.5% among the general population to 32.1% among high-risk populations. According
to studies, genotypes 1a, 3a and 1b are the most common genotypes in Iran. No effective
vaccine against HCV infection has been developed instead, advances in antiviral treatment
using drugs that directly affect specific viral genomic regions to inhibit virus replication have
promising results, particularly in the treatment of genotype 1 of HCV virus as a hard to treat
genotype. These drugs have been used in our country for few years to treat patients with
chronic hepatitis C infection so, according to the mutation prone characteristic of HCV
genome which could be resulted in drug resistance known as resistance associated
substitutions (RASs). Monitoring of their effectiveness for early detection of resistant
mutations has the great importance. As the treatment failure could be resulted from these
DAA:s resistance substitutions especially those to NS5A inhibitors so, they are considered a
major challenge for HCV treatment and elimination. According to the European Association
for the Study of Liver Diseases (EASL) recommendation baseline identification of RASs to
DAA:s including LDV/SOF and DCV/SOF for HCV genotypes such as 1b could be useful to
decide on treatment strategy such as its duration or if needed adding other antiviral drugs like
ribavirin (RBV).

The aim of this study was to determine the frequency of naturally occurring drug resistant
mutations in NS5A and NS5B regions as targets of new hepatitis C antiviral drugs;
Daclatasvir/Ledip and sofosbuvir in patients with chronic HCV-1b infection who were
going to be under treatment with these drugs.

Methods: In this study, there were 29 volunteers with chronic HCV-1b infection who had
failed to be treated with ribavirin and Peg-interferon and were considered “naive” to direct
acting anti-viral drugs such as Daclatasvir/Ladipasvir as the NS5A inhibitors and sofobuvir
as the NS5B inhibitor The baseline HCV RNA level and HCV genotyping were measured in
the diagnostic laboratories as commercial accredited services before the initiation of HCV
antiviral therapy. The blood sampling procedures were explained to the patients clearly and
the consent form for using their blood samples for further analysis was signed by each
volunteer or their official custodian. This study was approved by the Ethics Committee of the
Pasteur Institute of Iran (no: IR.P11.REC.1395.81) according to the standard biosecurity and
institutional safety procedures. The current study was conducted according to the Helsinki
Declaration of 1975, as revised in 2008. Viral genome was extracted from serum specimens
using theHighPure Viral Nucleic Acid kit, Roche, Germany. cDNA synthesis was done
using Yekta Tajhiz Azma Kit (Iran), and nested PCR was performed by using specific
external and internal primers separately by using the Ex Taq™ kit (TaKaRa, Clontech,
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Japan). The PCR products underwent electrophoresis on a 1.5% agarose gel containing safe
stain (YTA, Iran) and the specific bands were purified using the Yekta Tajhiz Azma Gel and
PCR purification kit (YTA, Iran). Then the purified PCR fragments accompanied by the
related specific inner primers for each region were sent to GenFanavaran company to be
sequenced (Sanger sequencing) in South Korea in both directions using a BigDye Terminator
cycle sequencing kit (Perkin Elmer—Applied Biosystems Inc., CA). The chromatogram was
used to assess the nucleotide substitutions in whole sequences, and nucleotide redundancy
was considered when representing >15% of the sequence population. The results of
nucleotide sequences were aligned against reference sequences of HCV-1b and were verified
by BioEdit software version (7.9.5.3). Multiple alignment was performed by using
CLUSTAL W software in MEGA version (6). The amino acid substitutions were analyzed
using geno2pheno [hcv] web application.

Results: Resistance associated mutations in NS5A region against anti HCV drugs
(Daclatasvir/Ledipasvir) in this study were identified in 5 (17.24%) patients out of 29
patients. The identified amino acid substitutions/RASs in the NS5A region of patients with
HCV-1b infection were L28A 6.9%, L31I/M/V 10.34%, P58D 6.9%, and Y93H /N
substitutions were identified in all 5 patients (17.24%). In this study, substitutions in aa 93
were the most identified substitutions (17.24%) while; substitutions in aa 28 and 58 each
were detected only in two patients (6.9%). Paired NS5A amino acid substitutions were
identified in 17.24% (5/29) patients including L28A+Y93H in 2 patients,
L31M+P58D+Y93H in one patient, L311+Y93N, and L31V+Y93H each in one patient.

All patients responded to anti-HCV therapy due to the absence of resistant associated
mutations in NS5b region that is the viral genomic target region of sofosbuvir, and this
response was sustained at follow-up.

Conclusion: Combinations of different Direct- Acting Antiviral drugs (DAAs) have been
used to treat HCV infection to achieve Sustained Virologic Response (SVR) even in patients
with chronic HCV infection with failure to previous HCV antiviral therapy. They are highly
efficacious and have fewer side effects with shorter treatment duration. However, resistance
associated substitutions (RASs) to these Direct-Acting Antiviral drugs may emerge either
before treatment with DAAs or following drug exposure. The detection rate of NS5A amino
acid substitutions/RASs in this study was 17.24% which is in concordance with other studies
that suggest the overall proportion of NS5A RASs in baseline varies between <10% to
>50%. Many researchers believed that achieving SVR is a multifactorial event such as liver
conditions (cirrhosis), the previous history of IFN-based treatment, the existence of some
IFNL3/4 polymorphisms, consuming alcohol, including infection with some genotypes like
1b, the presence of RASs, being mono-infected with HCV or co-infected such as HIV/HCV,
and viral load could affect the treatment response in a negative way.

Use of Sofosbuvir in treatment of patients with chronic HCV-1b infection which is the most
difficult to treat HCV genotypes, was very promising. Despite identification of resistant
mutations against Daclatasvir and Ledipasvir the use of Sofosbuvir resulted in complete
treatment of patients. However, due to the mutable nature of the virus, monitoring of
occurrence of possible resistant mutations against Sofosbuvir is necessary to achieve HCV
elimination in our country.
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