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ABSTRACT
BACKGROUND:
Hepatitis C virus (HCV) genotype distribution is different in various regions. A variety
of strategies could be used to detect HCV genotypes and subtypes. The aim of the
present study was to introduce a genotyping method by an in-house protocol that could
be used to determine HCV drug-resistant variants and phylogeny studies.

METHODS:

Samples from 91 patients with thalassemia were used for HCV genotyping by Cobas
4800 platform, and 50 cases of 1a, 1b, and 3a genotypes underwent amplification and
sequencing of NS5A and NS5B by using consensus primers via conventional reverse
transcription-polymerase chain reaction (RT-PCR) method. An ABI 3730xl system
used for direct sequencing. Raw sequences were analyzed by popular bioinformatics
software MEGAG6 and CLC workbench 5. Phylogenetic construction was drawn using
1000 replicates bootstrap by the neighbor-joining method. Multiple sequence alignment
(MSA) was performed for mutation detection.

RESULTS:

Sequencing results of 50 HCV isolates subtypes 1a (31/45),3a(15/22) and 1b (4/8) NSS5A
and NS5B genes showed there were 72 NS5A and 105 NS5B mutations. Moreover, 8
resistant associated substitutions (RASs) were identified in nine thalassemia cases by
multiple sequence alignment (MSA) protein analysis. The phylogenetic tree construct
drew confirmed by the Cobas HCV genotyping results.

CONCLUSION:

The phylogenetic analysis could be a useful tool for HCV genotyping in case of
determining the drug-resistant substitutions; however, it is time-consuming and needs
expert analysis and interpretation. This preliminary study in Iranian patients with
thalassemia introduces specific conventional RT-PCR to find RASs to direct acting
antivirals (DAAs) and subtype determination at the same time.
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INTRODUCTION

Hepatitis C virus (HCV), as a worldwide health concern,
has infected about 71 million people.! In 2016, HCV
mortality was estimated at 399,000, generally by
developing cirrhosis and hepatocellular carcinoma. HCV
is found worldwide. The most affected geographical
regions in 2015 included WHO Eastern Mediterranean
Region (2.3%), and the WHO European Region (1.5%).
HCV is transmitted by blood-borne routes, especially in
injection drug users.>* Globally, it is reported that there
were 1.75 million new HCV infections in 2015 (23.7 per
100 000 people).’

HCV, as a member of Flaviviridae family Hepacivirus
genus, has an enveloped, spherical and about 50 nm in
diameter virion. Moreover, it has a monopartite, linear,
ssRNA genome by almost 10kbinsize. Itencodes structural
(E1, E2, C, F, P7) and non-structural proteins (NS2, NS3,
NS4A,NS4B, NS5A, NS5B).1# HCV has seven genotypes
with 30-35% genomic differences and 70 confirmed
subtypes with less than 15% genomic differences.’ There
are different locations for HCV genotyping included NS5,
core, E1, and 5 UTR regions, which could be utilized by
a specific polymerase chain reaction (PCR), restriction
fragment length polymorphisms, and line probe assays
(LiPA).?

HCV genotype distribution around the world include
49.1% genotype 1, 17.9% genotype 3, 16.8% genotype 4,
11.0% genotype 2, 2.0% genotype 5, and 1.4% genotype
6 in which subtypes la, 1b, 2a, and 3a are the most
prevalent.>® In Iran, HCV prevalence accounts for 0.5%
of the general population, 7-13% among hemodialysis
patients, 40.8% among patients with hemophilia, and
18% among patients with thalassemia. HCV subtype
distribution in Iran includes 1a as the most common, which
is followed by 3a and then 1b. Moreover, HCV genotype
1 is the most common among patients with thalassemia
and hemophilia, and those undergoing hemodialysis,
and also in solid organ recipients in Iran.” The present
study aimed to introduce a specific reverse transcription-
polymerase chain reaction (RT-PCR) method to find HCV
drug-resistant variants as well as HCV genotype and
subtype determination by using NS5A, and NS5B partial
sequencing in patients with thalassemia suffered from
chronic HCV infection.
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MATERIALS AND METHODS

Patients

Patients with thalassemia who suffered from chronic
HCV and were referred to Firoozgar Hospital, affiliated
to Iran University of Medical Sciences, Tehran, Iran,
from October 2016 to March 2017 were enrolled in the
present study. Most of the participants had a history of
HCYV antiviral therapy, and a small number of them were
new cases. Inclusion criteria were having thalassemia
major and intermediate by related data sheet in the
hospital repository, being a known case of HCV carrier by
related laboratory tests, and signing the written informed
consent. Wrong sample collection, preparation or storage
condition, leading to exclusion of specimen. Also,
incomplete or insufficient datasheet related to the disease,
and age less than 18 years, were excluded. Adequate
laboratory tests and history of hematological deficiencies
were reviewed by expert practitioners. Patients were
receiving deferoxamine as a regular treatment. HCV
detection results were reported by using UBI HCV EIA
(Organon Teknika, Netherlands), and HCV detection
One-step commercial kits (Genesig, Primerdesign, UK).
All biochemical and hematological parameters tested
for patients were obtained from medical history, which
included alanine aminotransferase (ALT), aspartate
aminotransferase (AST), white blood cell count (WBC),
platelet (PIt) count, hemoglobin (Hb), viral load, HBV co-
infection, and cirrhosis. A 10 cc whole blood was taken
from each participant, and the serum was separated by
appropriate centrifugation at 3000 g for 10 min and then
kept at -70°c deep freezer.

Cobas HCV genotyping test

A Cobas 4800 system (Roche Molecular Diagnostics,
Pleasanton, CA, USA) was used for HCV genotyping
as a primary screening and genotyping test, which used
a real-time PCR-based genotyping assay for use on the
Cobas 4800 platform, according to the manufacturer’s
instructions. Briefly, 400 puL of plasma was taken from
each patient and separated in a vacuum tube containing
EDTA, which was used for analysis on Cobas 4800
instrument.

RNA Extraction and Complementary DNA (cDNA)
synthesis
Viral RNA was extracted from 200 pL serum using a




W/ HCYV Genotyping in Thalassemia Patients

High Pure Viral Nucleic Acid Kit (Roche Diagnostics
GmbH, Mannheim, Germany) with respect to protocols.
RNA qualification and concentration were analyzed
by a nanodrop spectrophotometer (Thermo Scientific,
Wilmington, MA). They were kept at -70°c until further
use. A cDNA kit for reverse transcriptase (RT)-PCR
(MBI Fermentas, Toronto, Canada) was used for cDNA
synthesis with regards to its protocol. Then, they were put
in a deep freezer at -20°c.

Primer design

HCV subtypes la, 1b, and 3a were used for NS5A and
NSS5B specific primer designing according to a previous
study.® In order to investigate the drug-resistant subtypes,
we targeted coding regions of the active site of the protein

or the region by more identified mutation to DAAs.*"!

PCR Amplification

A conventional PCR was performed for amplification of
specific regions for NS5A, and NS5B subtypes la, 1b,
and 3a by a Bio-Rad (T100™ Thermal Cycler) instrument
similar to a previous study.® Briefly, a 50 ul reaction
mixture was used. The heating protocol was as the previous
study.? Visualization of PCR products was performed by
1.5% agarose gel stained with SYBR Green (SG) safe
stain against an ultra-violet (UV) transilluminator.

Nucleotide Sequencing

PCR products purification was performed via High
Pure PCR Product Purification Kit (Roche Diagnostic,
Mannheim, Germany) according to the protocol. An ABI
3730xl1 sequencer was used for both directions sequencing.
Designed forward and reverse primers were used for
sequencing. Bioinformatics software Clustal X program
and MEGA software version 6 were used for multiple
sequence alignment (MSA) after trimming raw data with
CLC Genomics workbench 5 software (CLC bio, Aarhus,
Denmark) against reference sequences NC 004102 for
subtype la, EU781825 for 1b, and NC 009824 for 3a
subtypes obtained from GeneBank (https://www.ncbi.
nlm.nih.gov/).

Phylogenetic construction
The CLC Genomics workbench 5 software (CLC bio,
Aarhus, Denmark) was used for raw sequences trimming.
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Consensus sequences were obtained by comparison of
bidirectional Sanger sequencing raw data against reference
sequences NC 004102 for subtype 1a, EU781825 for 1b,
and NC 009824 for 3a subtypes. MEGA software version
6 was used for the alignment of sequences by MSA tool.
A phylogenetic tree was drawn by using 1000 replicates
bootstrap in a neighbor-joining method.

Sequence submission

Banklt online software (available at: https://www.ncbi.
nlm.nih.gov/WebSub/) was used to sequence submission
in GenBank database by using consensus sequences
nucleotide and a translated frame. Feature of each
protein was submitted to the datasheets. Primary released
GenBank accession numbers for all subtypes NS5A were
MT603183 to MT603232, and for NS5B were MT603233
to MT603282.

Ethical consideration

All ethical issues were in accordance with the Helsinki
declaration (H Declaration - 1975). Research ethics was
approved by the Ethics Committee of Iran University of
Medical Sciences, Tehran, Iran (Code IR.IUMS.REC
1396.30299).

RESULTS

Of a total of 91 patients with thalassemia, 51 (56%) were
male, and 40 (44%) were female. The mean+SD of age
(years) was 32+6 years, Hb was 9.0+2.0 (g/dl), ALT
was 65+48 (mg/dl), AST was 69+47 (mg/dl), Plt was
431+£207 (x10"3) (mm?), WBC was 10.0£7.0 (x10"3)
(mm?), Viral load was 203+£1562 (x 10"5) (copy/dl). Of
the patients, 74 had thalassemia major, and 17 had the
intermediate type. HBV co-infection was found in two
cases. Cirrhosis was reported in 37 patients.

HCV genotyping by Cobas HCV genotyping method
showed that most of the isolates were 1a (49.4%) followed
by 3a (24.1%) and 1b (8.7%). Figure 1 shows the HCV
genotypes prevalence reported in our studied isolates.

RT-PCR amplification

A total of 75 HCV subtypes la, 1b, and 3a NS5A and
NS5B sequences were amplified using RT-PCR method.
Figure 2 shows PCR products of each gene visualization
on 1.5% agarose gel electrophoresis. High-quality PCR
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Fig. 1: HCV genotyping assay by Cobas HCV genotyping
method in 91 patients with thalassemia suffered from chronic
HCYV infection.

products were used for purification and nucleotide
sequencing by the Sanger method.

Phylogenetic analysis

A total of 50 HCV subtypes la (31/45), 3a (15/22) and 1b
(4/8) were used for amplification of NS5A and NS5B and
phylogenetic analysis. Sequence analysis was performed
by popular bioinformatics software and trimmed sequences
used for phylogenetic tree construction. Figure 3 shows
NSS5A, and figure 4 shows NS5B tree construction.

Mutation analysis

Sequences were aligned with reference sequences obtained
from GeneBank database and found that there were totally
72 NSS5A and 105 NS5B mutations and eight resistant-
associated substitutions (RASs) in five subtypes la, three
subtypes 1b, and one subtype 3a patients, which had been
reported previously.® Mutation analysis was performed
based on the previous studies.!*!*

DISCUSSION:

Global HCV subtypes prevalence in Iran included la as
the predominant, followed by 3a.'® There are different
strategies for HCV genotyping. NS3 region could be used
as phylogenetic analysis and HCV subtype determination.
Moreover, both core/E1 and NS5B regions could be used
for phylogenetic analysis.!” Whole-genome sequencing or
complete genome sequencing is another high-throughput
method for HCV subtype determination. There are a few
studies focused on phylogenetic analysis of HCV subtypes
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HCVla NS5B

HCV1b NSSB

Fig. 2: RT-PCR products of the patients with thalassemia
infected with HCV.

in Tran.'®

The present study aimed at HCV genotyping and
subtype determination as well as mutation analysis by
NS5A and NS5B nucleotide sequencing. In the present
study, we partially sequenced NS5A and NS5B of 50 HCV
isolates obtained from Iranian patients with thalassemia.
We have found that NS5A and NS5B could be used for
HCV genotyping and subtype determination and found
that there were 72 mutations in NS5A and 105 in NS5B
amplified regions. There were eight RASs to DAAs in
nine isolates obtained from patients with thalassemia, of
which five were in 1a, 3 in 1b, and 1 in 3a subtypes based
on previous studies. 13

The phylogenetic analysis could be used as a main tool for
the study of rapidly-evolving RNA viruses such as HCV.
HCYV genetic evolution could be monitored as a useful tool
for global surveillance and to develop efficient preventive
and therapeutic strategies.'®'® There are different studies
that analyzed E1 and E2 sequences in various patients. A
study of HCV in mixed cryoglobulinemia type 2 (MC2)
showed no mutation in E1 and E2 sequences in these
patients.”” A study of acute hepatitis C (AHC) by El
and E2 phylogenetic analysis showed a common source
of infection among them.? In the study of E2 and NS5A
sequence of HCV 3a subtypes, it was concluded that
treatment response was not statistically significant among
HIV-HCV co-infected patients.?' Recent studies use NS3,
NS5A, and NS5B for phylogenetic purposes, but they
have lower genetic variability than E1 and E2. Phylogeny
of different genes could show their inconsistencies.'®?
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Fig. 4: Phylogenetic analysis of 50 HCV NS5B sequences subtypes
la, 1b, and 3a. Red triangles show the reference sequences for HCV
subtypes la (NC_004102), 1b, 2 (NC_009823), 3 (NC_009824), 4
(NC _009825), 5 (NC_009826). The phylogenetic tree was drawn by
using 1000 replicates bootstrap into a neighbor-joining method.

Fig. 3: Phylogenetic analysis of 50 HCV NS5A sequences subtypes
la, 1b, and 3a. Red triangles show the reference sequences for HCV
subtypes la (NC_004102), 1b, 2 (NC_009823), 3 (NC_009824), 4
(NC _009825), 5 (NC_009826). The phylogenetic tree was drawn by
using 1000 replicates bootstrap into a neighbor-joining method.

A study used NS5B for HCV genotyping and found 19
(76%) genotype 4d, two (8%) genotype 4a, one (4%)
genotype 1b, and three (12%) genotype 2a.'®

By the present study, we have introduced a suitable region

NSS5A respective 76 amino acid positions could be used
for phylogenetic construction. Moreover, large-scale
sequencing of HCV genome could be used as a valuable
tool for clinical follow-up and drug-resistance testing.?
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for HCV genotyping as well as drug-resistant analysis. In
this regard, we have designed primers for amplification
of mutation-sensitive regions of NS5A and NS5B that
were associated with drug resistance, especially DAAs.!!
Phylogenetic construction showed the compliance of our
results with Cobas HCV genotyping method.

There were some limitations to our study. The
sample size that was restricted to patients with specific
hematologic malignancies, including thalassemia major
and intermediate, was the main limitation. Specific
primers designed for each subtype enforced us to use three
common subtypes la, 1b, and 3a. Time consumption and
difficulty in interpretation and analysis for our staff could
be another drawback.

In conclusion, although there are different methods for
HCV genotyping and drug-resistant testing, our study
showed a suitable region for both HCV genotyping and
drug-resistant investigation at the same time by direct
sequencing of the specific region of NS5A and NS5B
of subtypes la, 1b, and 3a. Phylogenetic construction
showed that there was great compliance with Cobas HCV
genotyping method. HCV phylogenetic analysis in Iranian
patients with thalassemia by NS5A and NS5B was studied
for the first time in Iran.
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