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ABSTRACT
High genetic variability of the hepatitis C virus (HCV) due to copying errors during the viral cycle leads to the development of mutations,

and resistance-associated variants (RAVS), even with the advent of direct-acting antivirals (DAAs). Assessment of the presence of these mutations is
essential for targeted treatment regimens and proper infection management, as treatment is related to genotypes and developing mutations. The study
investigates the presence of resistance mutations in the nonstructural protein 5B (NS5B) region in treatment naive patients. 100 positive plasma samples
from patients presented for a follow-up service of chronic HCV infection (CHC) at the National Institute of Hygiene (NIH) of Rabat-Morocco. NS5B
sequencing revealed the presence of C316N in one treatment naive patient of subtype 1b. Additionally, six treatment-naive patients with subtypes 2a
and 2i exhibited the presence of the M289L mutation.
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INTRODUCTION
Hepatitis C infection is a significant public health

worldwide; 3% of the world's population is infected with this virus M,
which is asymptomatic, causing fibrosis and/or hepatocellular cancer
(hepatocellular carcinoma).

HCV is characterized by very high genetic variability [,
which has resulted in the emergence of eight genotypes El and 86
confirmed subtypes M. The distribution of genotypes depends on
geographical areas but also on populations at risk ®l. Morocco is
classified as a low-endemic country, with an estimated HCV
prevalence of 1.58% in the general population [,

The most frequent genotypes in Morocco are genotypes 1
and 2, while genotypes 3 and 4 are less frequent "), The reference
treatment is based on the combination of ribavirin and pegylated
interferon alpha (peg-IFNa), leading to a sustained virological
response (SVR) of 50% which depends on the genotype responsible
for the infection [, Other treatment regimens are possible with
Sofosbuvir.

The high level of virus variability, combined with a high

virus replication rate and a low RNA polymerase fidelity rate (absence
of corrective 5-3' exonuclease activity), causes the development of
resistance mutations [,

The presence of resistance mutations in treatment naive
patients have already been reported in different countries (%, Detecting
these substitutions is essential for proper treatment management [,
This study aims to identify NS5B mutations confer resistance in
treatment naive Moroccan patients.

Our findings could provide valuable insights into the clinical
relevance of the C316N Polymorphism in HCV treatment-naive
patients and inform the development of more effective and
personalized HCV treatment strategies in Morocco. In addition,
investigating the presence of the C316N Polymorphism in Morocco
can contribute to the global effort to control and eliminate HCV.

MATERIALS AND METHODS
Ethics approval
The director of NIH-Rabat approved the study through Dahir

N1-15-110 of August 4, 2015, promulgating law N28-13 on the
protection of persons undergoing biomedical research. The law
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provides special non-interventional or observational research

provisions as stipulated in articles 2 and 26. Therefore, no application
for authorization to the national Ethics Committees was required.

Study design
Selection and Description of participants
The National Institute of Hygiene, Rabat in Morocco, is the

national reference center for monitoring respiratory viral infections,
human immunodeficiency virus (HIV), and HCV infections.

Out of thousands of HCV-positive patients present for a
blood donation infection monitoring service. 100 sample was collected
between 2016 and 2017 and was the subject of this study. HCV viral
load was quantified using the Abbott RealTime HCV assay (Abbott,
USA). HCV RNA was extracted from 500 pL plasma in an automated
extractor (m2000sp),

RNA Extraction and RT-PCR
According to the manufacturer's instructions, plasma

collected between 2016 and 2017 was used for viral RNA isolation
using Qiagen kits, the Qiamp Viral Mini Kit 250 (Qiagen, France).
According to the suppliers ' instructions, HCV-RNA was extracted
from 140 pL plasma samples using the Qiamp Viral Mini Kit 250
(Qiagen, France). The viral RNA was eluted on a final volume (60 uL)
of elution buffer. Eluates were stored at -20 ° C until analysis.
RT-PCR of the NS5B region was amplified using in the
GeneAmp PCR 9700 thermocycler, One-step RT-PCR (Qiagen,
France). The pair primer ; Forward (NS5B-F) and reverse (NS5B-R)
(Tablel) was prepared at a final concentration of 0,6 puM 12241,

Table 1: primers used for NS5B sanger sequencing

Genotype ID Sequence Position
ALL NS5B-R TATGAYACCCGCTGYT | 8622-8644
genotype TTGACTC
ALL NS5B-F GCNGARTAYCTVGTCA | 8256-8278
genotype TAGCCTC

Sequencing reaction and RASs detection
Reverse transcription PCR (RT-PCR) products were

purified using the EXoSAP-IT. And sequenced using The BigDye ™
Terminator v3.1 Cycle Sequencing Kit (Thermo Fisher). The same
NS5B-F and NS5B-R primers were used at a final concentration of
3.2uM.

Genotypes were determined by comparing the sequences'
similarity with the NCBI database
(https://blast.ncbi.nim.nih.gov/Blast.cgi). The Geno2pheno [HCV]
(https://hcv.geno2pheno.org/) also analyzed the nucleotide sequence
obtained for resistance to DAAs.

RESULTS
Genotype and subtype identification
Genotype 1 was the most frequent in all cases (53%), followed

by genotypes 2 (40%), 3 (6 %), and 4 (1 %).
Different HCV subtypes were also detected, namely the 2a, 2i,
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1b, 1a, 3a, 2, 29, and 4d. The 1b (29%) subtype was the most

predominant compared to the other subtypes (figure 1).

Figure 1 : Percentage of Genotypes and subtypes identified by NS5B
sequencing
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Resistance mutations and resistance-associated substitution

(RASS) occur spontaneously in different regions of the genomes due
to the absence of the corrective exonuclease activity of the viral
polymerase. These mutations can occur throughout the viral genome,
including the NS3, NS5A, and NS5B [*°1, These mutations impact the
treatment by affecting the sensitivity of the antiviral molecules.

Seven samples revealed mutations of interest in the NS5B
region; 1 sample (MZ418185) in the subtype 1b with the C316N
Polymorphism, 5 samples in 2a (MZ356321/ MZ418139/ MZ418155/
MZ418187/ MZ418217) with the 289L mutation and 1 sample in 2i
with 289L substitution.

289L
In vitro, the M289LI1 mutation was detected in genotype

2a replicons before and after developing the S282T mutation that
confers resistance to sofosbuvirll,

C316N
The C316N mutation, including Sofosbuvir, has been

reported as a variant conferring resistance to DAAs treatment (7],

DISCUSSION
Treatment of HCV has advanced significantly with the

advent of direct-acting antivirals [81, The efficacy, safety, and duration
of treatment, typically 12 months °l, have made DAAs the best option
for HCV treatment, with fewer side effects than peg-IFNo/Ribavirin
therapy. Nonetheless, DAA-based treatments fail to eradicate HCV in
1-10% of patients, which may limit the long-term use of some HCV
treatments.

Resistance mutation substitutions are the main cause of
DAA failure 1, These mutations can occur spontaneously before
DAAs exposure or after drug exposure in different regions of the
genomes, including the domains NS3, NS5A, and NS5B [*° t. These
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mutations impact the treatment by affecting the sensitivity of the

antiviral molecules.

NS5B is the primary target for DAAs that directly inhibit
viral replication. Numerous mutations that reduce susceptibility to
NS5B inhibitors have been reported and can occur naturally in
treatment naive patients. These substitutions appear due to the absence
of the corrective exonuclease activity of the viral polymerase.

Studies have never been conducted in Morocco to look for
mutations associated with drug resistance treatment naive HCV
patients. Analysis of over 1400 full-length HCV sequences published
in the NCBI-Genbank database revealed a high mutation frequency in
Africa 24,

The Moroccan Ministry of Health has joined the global
vision of eradicating HCV infection through a national program that
includes diagnosis, virological monitoring, and Therapy. Data on viral
circulation remain highly disparate and dependent on the level of
resolution of available techniques.

This study investigates the presence of mutations that confer
resistance to DAAs, notably C316N Polymorphism associated with
resistance to HCV ns5b polymerase in a treatment-naive Moroccan
patient with CHC.

Genotype 1 was the most prevalent. Our results corroborate
the distribution reported by a study conducted between 2003 and 2010
at the Pasteur Institute of Morocco and the University Hospital of
Casablanca 4. The predominant subtype was 1b. Sequencing of a 350
bp segment of the NS5B region in our treatment-naive Moroccan
patients revealed two substitutions in the NS5B region. One patient
with subtype 1b was subject to the C316N Polymorphism associated
with resistance to Sofosbuvir 23,

This substitution may prevent binding to Sofosbuvir. The
second mutation was identified at position 289. The M289L mutation
has been reported in Tunisia and can be the leading cause of Sofosbuvir
resistance if associated with other substitutions such as S282T, T179A,
and 293L 061,

CONCLUSION
Partial sequencing of NS5B by the reference method (Sanger

sequencing) has demonstrated its robustness for HCV genotyping and
subtyping. The search for mutations revealed the existence of two
polymorphisms in the NS5B region in our Moroccan treatment-naive
patients that result in resistance to Sofosbuvir. Identifying mutations
before treatment is a key step; other mutations described in other
regions such as NS3 must be taken into account in order provide
maximum information before prescribing a treatment regimen to avoid
therapeutic failures and predict the response to treatment.

ISSN NO. 2320-7418

ACKNOWLEDGMENTS
I would like to express my thanks and gratitude for the

technical support that the team of the virology laboratory of the
national institute of hygiene has given me. | would also like to thank
the head of the laboratory Dr. Oumzil Hicham and my professor at the
university Mohammed V of rabat professor medraoui Leila for
evaluating the quality of this work, as well as my researcher friends for
their support and help.

Conflict of interest:
The authors declare no conflict of interest.

Funding Sources:
There is no financial support

REFERENCES
I would like to express my thanks and gratitude for the

technical support that the team of the virology laboratory of the
national institute of hygiene has given me. | would also like to thank
the head of the laboratory Dr. Oumzil Hicham and my professor at the
university Mohammed V of rabat professor medraoui Leila for
evaluating the quality of this work, as well as my researcher friends for
their support and help.

Conflict of interest:
The authors declare no conflict of interest.

Funding Sources:
There is no financial support

REFERENCES

1.  Ahmadi GS, Hedayati moghaddam MR, Shamsian K, et al, 2017.
Prevalence of Hepatitis C Virus Infection in General Population
of Mashhad, Northeastern Iran. Iranian Journal of Public Health,
46(3), Pages-408-413, PMID: 28435827.

2. Lapa D, Garbuglia A R, Capobianchi M R, et al, 2019. Hepatitis
C Virus Genetic Variability, Human Immune Response, and
Genome Polymorphisms: Which Is the Interplay? Cells 8(4),
Page-305, Doi: 10.3390/cells8040305.

3. Borgia S M, Hedskog C, Parhy B, et al, 2018. Identification of a
Novel Hepatitis C Virus Genotype from Punjab, India: Expanding
Classification of Hepatitis C Virus Into 8 Genotypes. The Journal
of Infectious Diseases, 218(11), Pages-1722-1729, Doi:
10.1093/infdis/jiy401.

4, Janiak M, Perlejewski K, Grabarczyk P, et al, 2019. Hepatitis C
virus (HCV) genotype 1b displays higher genetic variability of
hypervariable region 1 (HVR1) than genotype 3 Scientific
Reports, 9(1), Pages-12846, Doi: 10.1038/s41598-019-49258-y.

5. Schnell G, Krishnan P, Tripathi R, et al, 2018. Hepatitis C virus
genetic diversity by geographic region within genotype 1-6
subtypes among patients treated with glecaprevir and pibrentasvir
PLoS ONE, 13(10), Page-0205186. Doi:
10.1371/journal.pone.0205186.

6. Baha W, Foullous A, Dersi N, et al, 2013. Prevalence and risk
factors of hepatitis B and C virus infections among the general
population and blood donors in Morocco. BMC Public Health,
13(1), Page-50, Doi: 10.1186/1471-2458-13-50.

Journal of medical pharmaceutical and allied sciences, Volume 12 — Issue 2, 4763, March — April 2023, Pages — 5736 - 5739 5738



DOI: 10.55522/jmpas.V1212.4763

7.

10.

11.

12.

13.

14.

15.

16.

Benani A, El Turk J, Benjelloun S, et al, 1997. HCV genotypes in
Morocco. Journal of Medical Virology, 52(4), Pages-396-398,
Doi: 10.1002/(sici)1096-907 1(199708)52:4<396: :aid-jmv9>3.0.
C0;2-X.

Corouge M, Pol S, 2012. Nouveaux traitements de 1’infection
chronique par le virus de I’hépatite C Réanimation, 21, Pages-
334-343, Doi: 10.1007/s13546-012-0469-6.

Echeverria N, Moratorio G, Cristina J, et al, 2015. Hepatitis C
virus genetic variability and evolution. World Journal of
Hepatology, 7(6), Pages-831-845, Doi: 10.4254/wjh.v7.i6.831.

Peres da Silva A, de Almeida A J, Lampe E, 2010. Mutations in
hepatitis C virus NS3 protease domain associated with resistance
to specific protease inhibitors in antiviral therapy naive patients.
Archives of Virology, 155, Pages — 807 — 811, Doi: 10.1007/
s00705-010-0642-z

Malandris K, Kalopitas G, Theocharidou E, et al, 2021. The Role
of RASs /RVs in the Current Management of HCV Viruses,
13(10), Page-2096, Doi: 10.3390/v13102096.

Mallory M A, Lucic D, Ebbert M T W, et al, 2017. Evaluation of
the Abbott RealTime HCV genotype Il plus RUO (PLUS) assay
with reference to core and NS5B sequencing. Journal of Clinical
Virology, 90, Pages-26-31, Doi: 10.1016/j.jcv.2017.03.007.

Cai Q, Zhao Z, Liu Y, et al, 2013. Comparison of three different
HCV genotyping methods: Core, NS5B sequence analysis and
line probe assay. International Journal of Molecular Medicine,
31(2), Pages-347-352, Doi: 10.3892/ijmm.2012.1209.

Vaghefi P, Marchadier E, Dussaix E, et al, 2010. Génotypage du
virus de I’hépatite C: comparaison du test Abbott RealTime HCV
Genotype Il au séquencage de la région NS5B. Numéro spécial
Infectiologie - Virologie - Symposium grippe aviaire, 58(2),
Pages-175-8, Doi: 10.1016/j.pathio.2009.07.023.

Sarrazin C, 2016. The importance of resistance to direct antiviral
drugs in HCV infection in clinical practice. Journal of
Hepatology, 64, Pages — 486 — 504, Doi: 10.1016/j.jhep.
2015.09.011.

Wang Y, Rao H, Wei L, 2015. Detection of NS5B C316N—A
resistant mutation to sofosbuvir in treatment-naive genotype 1b

17.

18.

19.

20.

21.

22.

ISSN NO. 2320-7418

HCV-infected patients using ultra-deep sequencing. Journal of
Clinical Virology, 69, Page-234, Doi: 10.1016/j.jcv.2015.06.039.

Hashim A, Almahdi F, Albaba E A, et al, 2020. Efficacy of DAAs
in the Treatment of Chronic HCV: Real-World Data from the
Private Health-Care Sector of the Kingdom of Saudi Arabia.
Journal of Epidemiology and Global Health, 10(2), Pages-178—
183, Doi: 10.2991/jegh.k.200117.002.

De Gennaro N, Diella L, Monno L, et al, 2020. Efficacy and
tolerability of DAAs in HCV-monoinfected and HCV/HIV-
coinfected patients with psychiatric disorders. BMC Infectious
Diseases, 20, Page-196, Doi: 10.1186/s12879-020-4922-2.

Kliemann D A, Tovo C V, da Veiga A B G, et al, 2016.
Polymorphisms and resistance mutations of hepatitis C virus on
sequences in the European hepatitis C virus database. World
Journal of Gastroenterology, 22(40), Pages-8910-8917, Doi:
10.3748/wjg.v22.i40.8910.

Chen Z, Li H, Ren H, et al, 2016. Global prevalence of pre-
existing HCV variants resistant to direct-acting antiviral agents
(DAAs): mining the GenBank HCV genome data. Scientific
Reports, 6(1), Page-20310, Doi: 10.1038/srep20310.

Brahim I, Akil A, Mtairag E M, et al, 2012. Morocco underwent
a drift of circulating hepatitis C virus subtypes in recent decades.
Archives of  Virology, 157,  Pages-515-520, Doi:
10.1007/s00705-011-1193-7.

Peres da Silva A, Brand&do Mello C E, Lampe E, 2017. Prevalence
of sofosbuvir resistance-associated variants in Brazilian and
worldwide NS5B sequences of genotype-1 HCV. Antiviral
Therapy, 22, Pages-447-451, Doi: 10.1007/s00705-010-0642-z.

How to cite this article
Noureddine Raiss, Azzeddine Annan, Sanae Lemrabet, Leila

Medraoui, Hicham Oumzil, 2023. C316N Polymorphism
associated with resistance to HCV polymerase NS5B in
treatment-naive patient with chronic hepatitis C. Journal of
medical pharmaceutical and allied sciences, V 12 - | 2, Pages
- 5736 — 5739. Doi: 10.55522/jmpas.V1212.4763.

Journal of medical pharmaceutical and allied sciences, Volume 12 — Issue 2, 4763, March — April 2023, Pages — 5736 - 5739 5739



