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Purpose: Baseline viral load and existence of resistance-associated substitutions (RASs) are
associated with direct-acting antiviral agent (DAA) treatment failure in patients with chronic
hepatitis C virus (HCV) infection.

Patients and methods: This study was done on HCV-infected patients with different
clinical conditions, group 1 included HCV-infected patients with only liver disease (n= 24)
and group 2 had HCV-infected patients with coexisting chronic kidney disease (CKD) (n =26).
Baseline RAS in the viral genome, before treatment initiation, was examined in both the groups
to understand the host disease status on their occurrence.

Results: Predominant genotype (gt) differed in both the groups, in group 1 it was gt3 while it
was gtl in group 2. Overall, the occurrence of RASs at baseline was seen in 10 patients (20%);
in group 1 it was seen in 8 (33.3%) as compared to only 2 (7.6%) in group 2; p <0.001. RAS in
both NS5a and NS5b regions of the virus was seen in group 1 while in group 2, RASs were seen
only in the NS5a region of the virus at 30K position. In group 1, multiple RASs were also seen.
The existence of RAS at baseline in both the groups did not affect the attainment of post-
treatment cure for the virus in terms of sustained virological response (SVR).

Conclusion: Host disease status influences the occurrence of baseline RAS in the virus.
Keywords: Hepatitis C Virus infection, drug resistance, direct-acting antivirals

Introduction

Hepatitis C virus (HCV) is a global health problem and affects 185 million people
worldwide." HCV therapy has been revolutionized with the recent introduction of
direct-acting antiviral agents (DAAs), and with this, the elimination of HCV is now
a reality.” DAAs are targeted against three distinct nonstructural HCV proteins
(NS3—4A protease, NS5A, and NS5B polymerase) which are now been routinely
used for clinical cure and have shown an excellent cure rate in terms of achieving a
sustained virological response rate (SVR) of more than 90%.%> DAAs are molecules
that target specific nonstructural proteins of the HCV viral genome, thereby inter-
fering with viral replication and infection. There are different classes of DAAs like
NS3/4A protease inhibitors, NS5A inhibitors and NS5B polymerase inhibitors,
which are defined by their site of action on the viral genome. The recommended
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treatment involves the use of pan-genotypic drugs target-
ing two regions of the virus NS5a and NS5b.* This treat-
ment usually responds very well in the clearance of the
virus; however treatment failures, if any, are associated
with host factors like advanced stages of liver fibrosis, host
immune responses, and viral factors such as baseline viral
load and existence of resistance-associated substitutions
(RAS:S) in the viral genome. These RASs can be naturally
occurring (wild-type virus) or could develop during the
course of the treatment known as post-treatment RAS.*
Baseline resistance testing, before the initiation of treat-
ment, is not recommended routinely except in few limited
conditions.” HCV is an approximately 9.5kb RNA virus
that replicates rapidly with an error rate of 1 to 3 errors per
replication cycle. These changes often lead to the devel-
opment of a variant virus. In a subset of patients with
chronic HCV infection, baseline RASs, particularly in the
region of NS5A, are known to negatively impact treatment
response.® Hence, the role of these naturally occurring
substitutions should be studied for treatment decisional
support.

The prevalence of HCV infection in patients with
chronic kidney disease (CKD) and end-stage renal disease
(ESRD) is much more than that seen in the general
population.”® Treating HCV infection and clearing the
virus in this population will not only improve their quality
of life but also decrease the further risk of nosocomial
spread of the virus. Host immune dysregulations are more
in CKD patients compared with the general population.”'°
Therefore, we presume that the naturally occurring RASs
might be different in CKD patients with HCV infection as
compared to HCV patients without CKD infection.
Moreover, the prevalence of RASs in HCV-infected CKD
has never been studied; hence, the present study is done to
study naturally occurring RAS in HCV-infected CKD
patients and compare their occurrence with HCV-infected
patients with only liver disease.

Methods
Study Population

This was a retrospective study with the involvement of 50
adult patients with confirmed HCV infection (HCV RNA >3
Log;o IU/mL) whose blood samples were received in the
Department of Clinical Virology for HCV RNA testing.
They were divided into two separate groups, Group 1 con-
sisted of 24 patients infected with HCV with normal renal
function (serum creatinine <1 g/dL), manifesting only liver

disease and Group 2 included 26 HCV-infected patients with
established chronic kidney disease (eGFR <60 mL/min).
Baseline blood samples of these patients, which were avail-
able in repository of the department, were retrieved keeping
the patient’s information unlinked and anonymized. Baseline
RAS was done in all the samples and the clinical records of
follow-up of each patient were obtained from the Hospital
Information system (HIS) for data analysis.

At the time of this study, none of the enrolled patients
had been treated with DA As before. However, 33.3% (8/24)
of Group 1 and 19.2% (5/26) of Group 2 had previously
been treated with pegylated Interferon-alpha (PEG-IFNa)
and ribavirin (RBV). As per the Institutes’ policy, patients
received 400 mg sofosbuvir (acting at the NS5b region of
the virus) in combination with daclatasvir (acting at the
NS5a region of the virus) for 12 weeks in noncomplicated
cases, while in complicated cases, an addition of weight-
based ribavirin (1000 or 1200 mg) daily for 24 weeks was
given. All the patients were followed up till the completion
of the treatment and SVR 12 was measured in all of them.

Ethical Approval

The study was approved by the Institutional Review Board
of the Institute of Liver and Biliary Sciences, New Delhi,
India, IEC No. IEC/2017/49/NA06. For HCV CKD, the
samples were received under the ClinicalTrials.gov identi-
fier number: NCT02563665.Since the study was done on
the archived samples, the waiver was taken from the
Ethics committee to take consent from the patients. All
the participants whose samples were used for the study
were de-identified (anonymized and unlinked) as per the
existing national guidelines which are in compliance with
the Declaration of Helsinki.''

Laboratory Methods

Clinical details and information about routine laboratory
investigations were obtained from the HIS. Archived plasma
samples were retrieved from —80°C of the Virology labora-
tory, and the following laboratory investigations were done.

HCV RNA Assay

HCV RNA was quantified in plasma samples by Abbott
Real Time HCV quantitative assay (Abbott, Wiesbaden,
Germany) on Automated m2000sp/m2000rt platform, as
per the manufacturer’s instructions. The lower limit of
detection (LOD) and lower limit of quantification
(LLOQ) of this assay is similar, ie, 12 TU/mL, and linear
range of the assay is from 12 to 10%TU/mL.
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Routine HCV Genotyping

HCV genotyping was done by PCR sequencing of the
NS5b region. Viral RNA isolation was done using high
pure viral nucleic acid kit (Roche Diagnostics, GmbH,
Mannheim, Germany) according to the manufacturer’s
instructions. 10 pL. of HCV RNA was reverse-transcribed
to cDNA wusing Quantitect reverse transcription kit
(Qiagen, GmbH, Mannheim, Germany). cDNA was sub-
jected to PCR using in-house designed primers (Table 1).
PCR was performed using Phusion high-fidelity DNA
polymerase (Thermoscientific Inc., Waltham, MA, USA).
Amplified products were purified by gel-excision using
QIAquick gel kit (QIAGEN, GmbH,
Germany). Forward and reverse sequence reads were

extraction

aligned and assembled using DNA Baser v3.5.1 (Heracle
BioSoft SRL, Romania). Genotype and subtype assign-
ment were done by comparing the obtained sequences
with the reported sequences on the Basic Local
Alignment Search Tool (BLAST, USA) database of NCBI.

Sequencing Of NS5a and NS5b Region

For RAS Detection

Part of NS5a and NS5b DAA target regions were amplified
by a single round PCR reaction with in-house designed
primers using Phusion hot-start DNA polymerase. For the
NS5a region, different primer sets were used to amplify
samples of gtl and gt3 generating a PCR amplicon of size
554 bp and 602bp, respectively. For the NS5b region, a pan-
genotypic primer set was used generating an amplicon size of
631 bp (Table 1). The resulting PCR products were excised
from the gel and purified using the QIAquick Gel Extraction
Kit (Qiagen). Sanger sequencing was performed with pri-
mers as denoted in the Big Dye Terminator v3.1 Cycle
Sequencing Kit on an ABI Prism 3130x1 Genetic Analyzer
(Applied Biosystems, Foster City, CA).

RAS Analysis

Sequences were proofread and aligned using ClustalX ver-
sion in BioEdit program v7.2.5 (Carlsbad, CA, USA). RAS

analysis was done using geno2pheno [HCV].'*> When no
RASs were detected, amplicons were designated as wild-
type and wherever RASs were detected it was denoted at
that particular amino acid position. Substitutions at amino
acid positions 28, 30, 31, and 93 in NS5a and 159,282,316
in NS5b were considered as relevant RASs as they have
been previously reported as clinically relevant.'* '
Wherever RAS was detected, its occurrence was con-
firmed by checking both the forward and reverse
sequences separately, and reproducibility of the data was

also checked by repeated performance.

Statistical Analysis

Statistical analysis was done using the Statistical SPSS soft-
ware, version 13.0 (Chicago, IL, USA). Continuous variables
were expressed as mean = SD or median (range) as appro-
priate and categorical variables were expressed as percen-
tage. All statistical tests were 2-tailed, and results were
statistically significant with a p-value was less than 0.05.

Results

Overall HCV genotyping was performed in 50 HCV-infected
patients, and the predominant genotype that was seen was gt3
with subtype 3a was the most common. Distribution of geno-
types in HCV-infected CKD was different from HCV-infected
non-CKD patients. The predominant genotype seen in Group
1 was gt3, while the predominant genotype seen in Group 2
was gtl (Table 2).

Baseline Resistance-Associated

Substitutions

The occurrence of RASs at baseline was seen in 10
patients (20%); in Group 1, they were seen in 8 (33.3%)
as compared to only 2 (7.6%) in Group 2; p < 0.001. In
HCV-infected patients with CKD (Group 2), baseline
RASs were seen in only 2 patients at amino acid position
30K of the NS5a region of the virus, and both the patients
belonged to the gt3a (Table 3).

Table | Details Of The Primer Sequences Used In The Study For Resistance-Associated Substitution Detection

Genomic Region Forward Reverse Product Size (bp)
NS5b (all gt) 5-ACYACCATYATGGCNAARARYGAGGT-3’ | 5'- TAYCTRGTCATRGCCTCCGTGAAGRC-3" | 631
NS5a (gtl) 5'-ACRCACTAYGTGCCBGAGAG-3' 5'- RAYCTGGCAHGGGCAYTTNA-3’ 554
NS5a (gt3) 5-CRACNCAYTAYGTYCCYGA-3’ 5'- CGRTGRAGYCTBACYCCRTC-3’ 602

Abbreviations: NS, nonstructural; bp, base pairs; gt, genotype.
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Table 2 Baseline Characteristics Of The Study Population

Characteristic All Patients N= 50 | Group | (Without CKD) N=24 | Group 2 (With CKD) N=26
Median Age 53.8 (27-86) 62 (37-86) 49 (27-73)
(range) years
Male sex, n (%) 35 (70) 14 (58.3) 21 (80.8)
Genotype, n(%) Genotype |: 23 (46) | Genotype I: 6 (25) Genotype I: 17 (65)
I (la/lb) n la:21,1b:2 la:4,1b:2 la:17
3 (3a/3b/3i) n Genotype 3: 26 (52) Genotype 3: 18 (75) Genotype 3: 8 (31)
4 (4a/4c/4r) n 3a:20,3b:2,3i:4 3a:14,3b:2,3i:2 3a:6, 3i:2
Genotype 4: | (2) Genotype 4: | (4)
4c:l 4c:l
Median baseline HCV RNA log,olU/mL (range) | 5.9 (2.9-7.8) 5.7 (2.9-6.9) 6 (3.6-7.8)
Median AST mg/dI (range) 53 (21-241) 107 (24-216) 35 (21-241)
Median ALT mg/dL (range) 56 (11-185) 83 (19-164) 36 (11-185)
Median bilirubin mg/dl (range) 1 (0.1-4.5) 0.4 (0.1-1) I (1.3-4.5)
Median albumin g/l (range) 32 (1.843) 3.0 (2.14) 3 (1.843)
Cirrhosis, n(%) 23 (46) 14 (58.3) 9 (34.6)

Abbreviations: CKD, chronic kidney disease; HCV, hepatitis C virus; RNA, ribonucleic acid; AST, aspartate aminotransferase; ALT, alanine aminotransferase; mg, milligram;

dl, deciliter; g, gram.

In Group 1 patients without CKD, baseline RASs were
seen predominantly in patients infected with genotype 3 of
the virus (at the amino acid position 30K in all 6 of the
gt3-infected patients). 2 patients showed the presence of
RAS in the NS5b region at amino acid position 316N, and
they both were of gtla as shown in Table 3. We did not see
any baseline RAS at clinically relevant amino acid posi-
tions 28, 93 of NS5a region and 159, 282 of the NS5b
region. In Group 1, RASs at more than one site and more
than one RAS were also seen. In 2 patients, RASs were
seen at 30K position along with 31M, and in one patient
the position was the same but 2 different substitutions

were seen at both 30K and 30T. This observation was
not seen in the Group 2 patients (Table 3).

Genotype-Wise Distribution Of HCV
RAS Mutations

The association of HCV genotype and the occurrence of
baseline RAS was evaluated, and it was seen in the study
that all the NS5b baseline RASs were seen in gtl-infected
patients. Genotype 1 was the predominant type in Group 2,
but it did not show any existence of baseline RAS.
Although the study group is very small to comment on
this occurrence, further large studies should be done to

Table 3 Distribution Of Baseline RASs Seen In HCV-Infected Patients

Region Of The Virus | Baseline RAS | Group | (Without CKD) (n=8) Group 2 (With CKD) (n=2)
Genotype 3 (n= 6) Genotype | (n=2) | Genotype 3 (n=2)
3a(n=3) | 3b(n=2) | 3i(n=I) la (n=2) 3a (n=2)
NS5a A/K30K 3 2 | - 2
A/K30T | - - - -
L/V3IM - 2 - - -
NS5b C316N - - - 2 -

Abbreviations: RAS, resistance-associated substitution; HCV, hepatitis C virus; CKD, chronic kidney disease.
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evaluate this effect. NS5a RASs at baseline were more
commonly seen in genotype 3-infected patients especially
genotype 3a (data not shown).

Baseline RAS And SVR
In Group 1, the overall SVR was attained in 70.8% (17/24)
patients. In gtl, it was seen in 83.3% (5/6) while in gt3-
infected patients it was seen in 66.6% (12/18). Among 7
patients who did not achieve SVR, baseline RASs were
detected in 2 (28.5%). Both these patients had baseline
RAS at more than one position with coexistence of RAS at
A/K 30K along with L/V 31M. Although in our study, we did
not find influence of baseline RAS on the attainment of SVR.
But if RAS was present at more than 2 clinically relevant
positions, it resulted in treatment failure.

SVR was attained in all the patients in Group 2; even
in the 2 patients with demonstrable A/K 30K RAS was
detected at baseline.

Discussion

DAAs are indeed game changers in achieving the goal of
HCV elimination with a response rate of >90% which is
remarkable. But in a subset of patients, approximately
2%-5%, this is not attained due to resistance shown to
these drugs. Substitutions in the viral genome could be
responsible for this. Occurrence of RAS is influenced by a
lot of factors including viral and host factors and the type
of treatment. Host status is known to influence the circu-
lating genotype of the virus. In the present study, we
highlighted the difference seen in the infecting virus type
seen in two different kinds of patient population. Baseline
RASs were more commonly seen in patients with only
liver disease than in patients with coexisting CKD.
Naturally occurring RASs in the viral genome are depen-
dent on the host immune responses and the duration of the
existence of the virus in the patient. Long-standing infec-
tion will have more variant type of virus in the host due to
longer exposure to continuous immune pressure along
with high replication rate of the virus. This is a common
feature in a long-standing HCV infection. During intra-
patient infection evolution of the virus, HCV evolves
rapidly resulting in quasispecies. In the present study,
multiple RASs were also seen at higher frequency in
patients with only liver disease. This highlights the fact
that the virus in CKD patients is less modulated. There is
limited information about the evolution of HCV in this
population; however, few researchers have pointed out to
the occurrence of more variant kind of virus in this patient

group.'” In our study, not only did the predominant geno-
type of the circulating virus differed in both the patient
groups but also the naturally existing substitutions in the
virus at the drug acting sites differed in both the groups.
The association of RAS with the gt of the virus in the
present study also highlights the differences seen in both
patient groups. Globally, lot of literature is available
regarding the prevalence of RAS in gtl especially gt la.
Limited studies have been done in gt3-infected patients. In
our study, the occurrence of RAS was more in gt3 than in
gtl. This highlights the need to study RAS in this type of
population.

Limited literature is available regarding the prevalence
of baseline RAS in CKD patients. There is one study on
CKD patients on hemodialysis and renal transplant recipi-
ents, which shows an occurrence of RASs in 38.2%.'% In
this study, the authors did not find clinically relevant RAS
conferring high-level resistance in in vitro setup. Similarly,
in our study, the existence of RASs in both the groups did
not influence the treatment outcome.

There were few limitations in the study, one was that
the small sample size was small and second it was a
retrospective study. We suggest long-term prospective stu-
dies should be done in HCV-infected CKD patients, espe-
cially with gt3 infection. Another limitation was the
utilization of the Sanger sequencing technique as the
method for the identification of RAS. Sanger sequencing
technique does not pick up variation occurring in the
genome below 20%; hence, variations in the viral genome
up to 20% are usually missed by this method. Clinical
recommendation strongly suggests that variations occur-
ring in a patient viral genome at a frequency of less than
20% might not be clinically relevant and will not have
much effect on the resistance status of the infection.®'?
Therefore, detection of RAS by Sanger sequencing tech-
nique is justified. Host immune responses in both the
groups were also not evaluated. Still, this preliminary
study warrants that HCV virus status in terms of gt dis-
tribution and RAS detection in the different patient groups
should be evaluated.

Conclusions

The prevalence of RAS at baseline in HCV-infected
patients with liver disease was higher than HCV-infected
patients with CKD. The type of host might influence the
occurrence of these RAS in the virus, thereby controlling
the response to the treatment.
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