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ABSTRACT

Hepatitis C virus (HCV) infection is the major cause of chronic hepatitis that can lead to
fibrosis and/or hepatocellular cancer, with approximately 71 million chronically infected
people worldwide. HCV exhibits significant genetic variability, with eight genotypes and
more than 70 subtypes identified so far. The objective of this study was to determine the most
popular HCV genotypes and subtypes among Moroccan patients by partial sequencing of
NS5B, in order to guide treatment initiation and select the most appropriate treatment
regimen. Genotypes 1, 2, 3, and 4 were observed in 100 patients newly diagnosed with HCV
infection by two methods (Abbott test, and NS5Bgenotyping using the Sanger method). The
concordance between the two methods was also evaluated. The viral load and genotype
determination were performed using an automated Abbott real-time HCV Genotype II assay.

The “NS5B” region was sequenced by the Sanger method using a validated in-house
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protocol. Genotype 1 was the most prevalent (53%) genotype, followed by genotype 2 (39%),
genotype 3 (6%) and genotype 4 (1%). Different HCV subtypes were also detected; 1b, 1a,
1d, 3a, 2, 2q, 2a, 2i 4d. 1b (30%) and 2i (29%) were the predominant subtypes. The
concordance between the Abbott automated results and the NS5B sequencing for genotypes
land 2 was 100% (45/45) and 96,77% (31/30) respectively.

Keywords: HCV; NS5B; Sanger sequencing; genotype / subtypes

1. INTRODUCTION
Hepatitis C virus is a non-cytopathic single-
stranded RNA pathogen belonging to the
Hepacivirus genus and the Flaviviridae
family. The most significant pathological
complications of this virus occur in 80% of
infected individuals who develop chronic
hepatitis, which can lead to steatosis,
fibrosis, cirrhosis, and hepatocellular
carcinoma [1]. According to the World
Health Organization (WHO), an estimated
71 million people were chronically infected
with HCV in 2015, and hepatitis-related
deaths were largely due to chronic liver
disease (720 000 deaths due to cirrhosis)
and primary liver cancer (470 000 deaths
due to hepatocellular carcinoma).

HCV infection is a major global health
problem, with significant differences
between and within countries (CDC 2019,
centers for disease control and prevention).
The highest prevalence is reported in two
main regions; the Eastern Mediterranean
Region and the European Region (WHO
2017). Morocco is classified as a low
endemic country, with the HCV prevalence
1.58% in the

estimated at general

population [2].

The regional prevalence is associated with
HCV’s variability, in terms of genetic
diversity [3]. The HCV has a high
molecular diversity in structural and non-
structural coding regions. The HCV is
currently classified into 8 genotypes (GT)
and 86 subtypes, with possibly even more
genotypes and subtypes to be identified [4].
HCYV subtypes causing both phases of liver
infections, acute and chronic (cirrhosis and
hepatocellular carcinoma)are identified by
letters (a, b, ¢, etc.) [5]. These genotypes
have distinct geographical distributions.

Genotypes 1, 2, 3, 4, 5, 6, and 7 contain 67
confirmed subtypes and 20 provisional
subtypes, with a nucleotide difference
estimated to be less than 15% from one
subtype to another [6]. The novel HCV
genotype(GTS), is genetically distinct from
identified HCV
genotypes(GT1-7), with >30% nucleotide

previously

sequence divergence from the established
HCV subtypes [7]. This genetic variability
is implicated in the mechanisms of viral
persistence and response to treatment [8].
Clinical and therapeutic management is

based on the prior determination of the
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HCV genotype. This process also enables
the prediction of the antiviral response and
the duration of the treatment [9]. The use of
ribavirin and pegylated alpha interferon
(PEG-IFNa) as a treatment against HCV
has proved to be more effective against
genotypes 2 and 3 compared to genotypes 1
and 4 [8-10]. The HCV genotype 1b also
has a poor liver damage prognosis
compared to other genotypes [13].

Despite improving the treatment of HCV
by combining PEG-IFNa and Ribavirin,
several side effects and a lack of sustained
efficacy for certain genotypes have been
reported. Therefore, considerable progress
has been made to develop numerous
molecules with pan-genotypic effects.
Various technologies have been developed
for the identification of HCV genotypes.
The standard method is sequence analysis,
which is based on the direct sequencing of
a region of the genome, followed by PCR
amplified [14].
The obtained sequences were then

compared with the NCBI sequence
database in order to identify the genotypes
[15].

In Morocco, HCV genotyping was initiated
by the introduction of hybridization tests
and molecular tests on automated systems.
These  methods  provided  limited
information related to circulating HCV

subtypes.

The present study highlights the additive
value of NS5B base sequencing for the
genotyping of HCV in Moroccan patients
and evaluates the concordance between the
Abbott test and NS5B genotyping by the
Sanger sequencing method.

2. MATERIALS AND METHODS

2.1. Sample collection

From March 2016 to September 2017, a
total of 146 patients with hepatitis C
serology reactive were received at the
Department of Virology of the National
Institute of Hygiene (NIH), for viral
confirmation of active HCV infections, and
assessing the baseline of HCV viral load
and genotyping.

Blood (5 mL) was drawn from each patient
by venipuncture into ethylene diamine
tetra-acetic acid (EDTA) anti-coagulated
tubes. The blood was mixed right away,
and centrifuged. The plasma was collected,
aliquoted in Eppendorf tubes, and stored at
minus 20°C, until analysis.

2.2. HCV viral load quantification

HCV viral load quantification was
performed using the Abbott RealTime
HCV assay (Abbott, USA). HCV RNA was
extracted from 500 pL plasma in the
automated extractor (m2000sp), according
to the manufacturer's instructions. Target
RNA was concentrated to make them
accessible and amplified on the
m2000rt device used for automated real-

time PCR amplification and quantification,
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according to the manufacturer's
instructions. The amplification cycle at
which the HCV probe fluorescent signal
detected by the Abbott m2000rt is
proportional to the log of the HCV RNA
concentration present in the original
sample. HCV RNA concentration level is
expressed in [U/ml.

The upper limit of quantitation (ULQ) for
the Abbott RealTime HCV assay is
100,000,000 TU/mL (8.00 log IU/mL) and
the lower limit of quantitation (LLQ) is
equivalent to LoD (12 IU/mL or 1.08 log
[U/mL).

23. HCV  genotyping on

m2000rt (Abbott, USA)

m2000sp-

Genotyping of confirmed samples was
M2000sp  and
M2000rtapparatuses, using the Abbott
RealTime HCV genotype II (GT II) assay,
targeting the S'untranslated (UTR) and

performed on  the

nonstructural (NS)5 B regions of the HCV
genome. The HCV genotyping assay
approved for in vitro diagnostic use
(Abbott, USA) was performed according to
manufacturer instructions. HCVGT 1I
consists of reverse transcription-PCR
performed in 3 individual reaction wells.
These assay reactions utilize minor groove
binder (MGB)-TagMan probes targeting
the HCV 5’ UTR for qualitative detection
and differentiation of HCV GTs 1, 2, 3, 4,

and 5 and ST-specific probes targeting the

NS5B  region for ST 1la and 1b
differentiation.

2.4. Sequencing core and NS5B fragments
2.4.1 RNA extraction

HCV-RNA was extracted from 140 puL
plasma samples using the Qiamp Viral
Mini Kit 250 (Qiagen, France) according to
the suppliers’ instructions. Elution of the
viral RNA was carried out on a final
volume (60 pL) of the elution buffer. The
eluates were stored at -20 © C until analysis
[16].

2.4.2 Amplification

The amplification of the NS5B region was
performed using a reverse transcription-
polymerase chain reaction (RT-PCR), One-
step RT-PCR Kit (Qiagen, France).

The final concentration of the primers
NS5B-F(8256-8278) and NS5B-R (8622-
8644) in the reaction volume was 0.6 uM
(Mallory et al. 2014; Cai et al. 2013 ) [19].

A reaction volume (50 pl) contained2ul
One-Step RT-PCR Enzyme Mix enzyme,
10uL. QIAGEN OneStep RT-PCR Buffer,
2uL ANTP Mix, 10uL extracted RNA, 3uL
for each primer and 20uLRNase-free water
to complete the final volume.

Reverse transcription and conventional
PCR were performed usingthe GeneAmp
PCR 9700 thermocycler, according to the
following thermal cycling profile: 45 cycles
(50°C) for 30

minutes, Reverse

transcription (95°C) for 15 minutes,

Activation of DNA Polymerase, reverse
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transcription inactivation, and denaturation
of c¢cDNA (94°C) for 30
denaturation (51°C) for 45

seconds,
seconds,
elongation (72°C) for 1 minute, extension
(72°C) for 10 minutes and final extension
(4°C).

2.4.3 Sequencing reaction

All PCR products of the NS5B regions
were purified using the ExoSAP-IT™
product cleanup reagent to hydrolyze
excess primers and  unincorporated
nucleotides.

The BigDye ™ Terminator v3.1 Cycle
Sequencing Kit (Thermo Fisher) was used
for the sequence reaction. The same NS5B-
F and NS5B-R primers (3.2uM) were used,
the final volume of the mixture (20 pL)
contained the enzyme, buffer, primers
(forward or Reverse), deionized water
(Table 2) and 2 plL of the amplicon
purified by ExoSAP-IT. The tubes put in
the thermocycler and the following thermal
cycling profile was utilized for the
Polymerase Chain Reaction (PCR):

25 Cycles; 96°C for 1 minute (incubation),
96°C for 10 seconds (denaturation), 50°C
for 5 seconds (elongation), 60°C for 4
minutes (extension).

2.4.4 Sequence analysis

The sequence was entered in the NCBI
database (https://www.ncbi.nlm.nih.gov/).
A phylogenetic tree was built using the
same software (MegaX) from the reference
NC _004102.1/

genomes  (genome 1:

genome 2: NC 009823.1/ genome 3:
NC 009824.1/ genome 4: NC _009825).
The phylogenetic tree was constructed for
the data using the maximum likelihood
method. In this method, the tree is built
using a document containing all obtained
sequences aligned with the reference
genomes.
2.4.5 Statistical analysis
The statistical data analysis was carried out
using the Epi Info 7software.
ETHICS APPROVAL:
The study was approved by the director of
the national institute of hygiene -Rabat
(NIH), by Dahir N1-15-110 dated August
4, 2015, promulgating the law N28-13
relating to the protection of persons
participating in biomedical research. The
law provides special provisions for non-
interventional or observational research as
stipulated in its articles 2 and 26.As a
result, no request for authorization from the
National Ethics Committees as required.
3. RESULTS
3.1 Viral Load quantification
Viral load for all samples was performed
using the Abbott automated real-time
system (Table 1), Ninety-three percent of
the patients (93%, n=136) showed a viral
load ranging between 100 000 and
10,000,000 (IU/mL).
3.2. HCV Genotype identification using
Abbott system
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The samples were genotyped using the

Abbott automated test. This technique

provided typing results for all 100 samples.

The determined genotypes were: Genotypes

1, 2, 3, 4, subtypes la and 1b and three

cross-reactivities: between genotype 2 and

5, subtype 1a and genotype 2, and genotype

1 with 4.

Only subtypes la and 1b were detected

using the Abbott test. Some samples

(15%)were reported as genotype 1 with no

subtype.,80% of the samples were typed 1d

by the NS5B Sanger sequencing method.

4% (n=4) of the samples was not

determined by the Abbott test method

(Table 3), but were detected by the

sequencing method as 2i (60%), 3a (20%)

1d (20%) (Table 2).

3.3. HCV  Genotype identification by
capillary sequencing of the NS5B
region

Post-PCR visualization reveals 127/146

(87%) positive samples.

100 sequences out of the 146 sequence

samples were about 350 bp in length (79%)

(Figure 1). A Dbioinformatic analysis

revealed their close similarity (ranging

from 96% to 99%) with strains isolated
from HCV in South America, the United

States, Canada, Europe (France, Italy, the

Netherlands), in Asia and some African

countries, including Tunisia and Ghana.

Genotype 1 was the most predominant in

all cases (53%), followed by genotype 2

(40%). Genotypes, 3 and 4 exhibited the

lowest percentages; 6 % and 1 %

respectively.

Different HCV subtypes were detected (2a,

2i, 1b, la, 3a, 2, 2q 4d). The subtypes 2i

and 1b were predominant (29%) compared
to the other subtypes.

3.4. NS5B sequencing method versus
Abbott Real-time HCV genotype 11
(GT II) assay

Out of 100 samples, 91 (91%) were
consistent. The Abbott test determined
subtypes la and 1b. However 15% of
sequences belonging to genotype 1 were
not subtyped. On the other hand, 80% of
the un-subtyped sequences were identified
by the NS5B sequencing method as subtype
1d. were able to deduce that

The undetermined genotypes using Abbott

assay (4%), were assigned genotypes 2i 3a

(25%); 2i (50%); 1d (25%) by NS5B

sequencing method (Table 4).

In discordant cases, the Abbott test

revealed a double reactivity for seven

samples, mainly between genotypes la, 2,

4, and 5.

3.5.Phylogeny

The phylogenetic tree shows that our

population belongs to four genotypes. 1, 2,

3, and 4 (Figure 2).
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Table 1: Viral load level during the confirmation of HCV infection (n= 146).
Viral loads (IU/mL) Sample (n) Sample %
1000-10,000 1 0,7
10,000-100,000 1 0,7
100,000-1,000,000 79 54,1
1,000,000-10,000,000 57 39
>10,000,000 8 5,5
Total 146 100
Table 2: Genotype Abbott Molecular Assay (N=100)
Genotypes identified by Abbott RealTime Frequency Percent
HCYV Genotype II
GT1 15 15,00%
GTla 3 3,00%
GT1b 27 27,00%
GT2 32 32,00%
GT3 6 6,00%
GT4 2 2,00%
RT (G1/G4) 1 1,00%
RT (G1a/G2) 1 1,00%
RT (G2/ G5) 9 9,00%
UNDETERMINED 4 4,00%
TOTAL 100 100,00%
Figure 1: Example of post PCR bands after visualization
Table 3: Genotype determination by NS5B sequencing protocol (N=100)
Genotype (Subtypes) identified by NS5B sequencing Frequency Percentage
la 3 3,00%
1b 31 31,00%
1d 19 19,00%
2 3 3,00%
2a 7 7,00%
2i 29 29,00%
2q 1 1,00%
3a 6 6,00%
4d 1 1,00%
TOTAL 100 100,00%
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Table 4: Genotype determination comparison between NS5B sequencing and Abbott

Abbott RealTime HCV
Genotype 11
GT1

0,15
GT 1a
0,03
GT 1b
0,27
GT2
0,32 0,07 0,07 0,86
GT 3
0,06
GT 4
0,02 1
RT (G1/G4)
0,01
RT (G1a/G2)
0,01
RT(G2/ G5)
0,09
UNDETERMINED
0,04

0,2 0,8

0,25 0,5 0,25
*G+T: Genotype/ RT: Reactivity
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4. DISCUSSION

Hepatitis C virus (HCV) infection is one of
the leading public health problems in the
world, with high annual morbidity and
mortality rates. In this context, the world
health organization established a global
action plan to eliminate HCV by 2030
(WHO 2015).

The Moroccan ministry of health joined
this global vision, through a national
program involving diagnosis, virological
follow-up, and therapy. Data on viral
circulation remains disparate and is
dependent on the level of resolution of
available techniques.

This work aims to assess the molecular
variability of the circulating HCV subtypes

among Moroccan

of qRT-PCR

patients using a
combination automated
technique and the Sanger sequencing of the
NS5B region.in order to investigate the
presence of naturally occurring resistance
mutations in HCV NS5b region.

Analysis of the maximum likelihood of the
phylogenetic tree of the NS5B sequence
revealed that the sequences belong to four
genotypes; 1,2,3 and 4 with different
subtypes.

As part of the national HCV infection
management  program, the  Abbott
RealTime HCV Genotype II assay is used
for genotype determination. Therefore, the
present study compared the results obtained

by using the sanger sequencing method and

the Abbott test. The latter detected six
genotypes and subtypes la and 1b. This
high  throughput automated method
provides rapid results (5 hours) with high
precision and easily interpretable results
compared to the reference method, which
relies on classical sequencing with high
variability, including the NS5B protein.

In the present study, the Abbott automated
test specificity was 91%. The determination
of the viral subtypes (in particular genotype
la versus 1b) is important because it
influences the choice of therapeutic
regimens and their duration [20]. The
Abbott RealTime HCV Genotype II test
targeted the 5 'UTR sequence for the
detection of six genotypes, while the
subtypes la and 1b were detected by
primers amplifying a sequence of the NS5B
region. 12 out of 15 (80%) of the subtype
1d were assigned genotype 1 using the
Abbott test.

There was a concordance between the
genotypes and subtypes of the 100 samples.
Hybridization-based  tests  unrevealed
reactivities by sequencing, which is why 9
samples (9%) were reported to be reactivity
between genotypes 2 and 5.

Genotype 1 was the most prevalent
genotype. These results corroborate the
distribution reported by a study conducted
between 2003 and 2010 at the Pasteur

Institute of Morocco and the University

Hospital Center of Casablanca [21].
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In the context of subtype distribution,
subtypes 1b and 2i were the most
predominant, followed by the subtype 1d.
Other subtypes were less represented in this
study. A similar distribution was also
reported in a study by Brahim et al [21],
where subtypes 1b and 2i were the most
predominant. This predominance of
subtype 1b was also reported in a study
conducted on 105 patients in 1997,
however, genotype 2 showed a dominance
of subtypes 2a and 2c [21, 22].

In 2014, Gower et al published estimates of
the prevalence and distribution of

genotypes by continent, region, and
country. The data published on Morocco
underline the existence of genotypes 1, 2,
la, and rarely genotype 4. In contrast,
America and Europe host the six genotypes
[23]. These estimates confirm the results of
our study on prevalent genotypes across the
Moroccan population.

Genotypes and sub-types determined after
the bioinformatic analysis of our series,
show similarities between the HCV strains
isolated in South America, the USA,
Canada, Europe (France, Italy,
Netherlands), Asia, and some African
countries, including Tunisia and Ghana.
The prevalence of genotype 1 infection was
not different for men and women.

In the present study, the frequency of
patients with subtype 1b was significant;

the most common risk factors were blood

transfusion, those with an unknown mode
of contamination, and the oldest subjects.
The subtypes la and 3a,generally related to
intravenous drug addiction, were also
present in the studied series [24, 25].

The main route of HCV transmission
within the Moroccan population is still
attributed to age, dental treatment, use of
glass syringes, and surgical history
[2]. Therefore, nosocomial risk prevention
and health education are the main
interventions designed to limit the spread of
HCV [2].

This study also suggests that other HCV
genotypes may exist in the Moroccan
population due to increasing risk factors for
contracting the virus, such as dental care,
acupuncture, tattoos, piercings, intravenous
drugs, and especially sexual transmissions.
This study also revealed the possibility of
genotype determination discrepancies (9%
of cases). Other studies evaluating the
performance of the Abbott automated assay
versus NS5B sequencing have shown that
discrepancies may exist for cross-reactions
between genotypes 1 and 6, and genotypes
2 and 5, which are recognized by the
manufacturer [19].
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