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a  b  s  t  r  a  c  t

Since  2011,  treatment  of chronic  hepatitis  C  virus  (HCV)  includes  direct-acting  antivirals  (DAAs)  in
addition  to  pegylated  interferon-�  (peg-IFN)  and  ribavirin  (RBV).  IFN-based  treatment  induces  strong
cytotoxic  T-lymphocyte  activity  directed  to  the  protease-  and  polymerase-derived  epitopes.  This
enhanced  immunological  pressure  could  favour  the emergence  of  viral  epitope  variants  able  to evade
immune  surveillance  and, when  resistance-associated  variants  (RAVs)  are  implicated,  could  also  be  co-
selected  as  a hitchhiking  effect.  This  study  analysed  the  dynamics  of  the  frequency  of protease  and
polymerase  inhibitor  RAVs  that could  affect  future  HCV  treatment  in human  immunodeficiency  virus
(HIV)  co-infected  patients  on stable  antiretroviral  therapy  with  previous  IFN-based  treatment  failure.
HCV  genotype  1a RNA  was  extracted  from  plasma  samples  of  18 patients  prior  to and  during  (24  h  and  4,
12,  24 and  48 weeks)  therapy  with  peg-IFN+RBV.  Next-generation  sequencing  was  performed  on  HCV-
RNA  populations  using  NS3  and  NS5B  PCR-amplified  coding  regions.  Two  measures  of  genetic  diversity
were  used  to  compare  virus  populations:  average  pairwise  nucleotide  diversity  (�) and  Tajima’s  D  statis-
tic.  Several  protease  and  polymerase  RAVs  were  detected  in  all subjects  at very low  frequencies  (<5%),
and  in most  cases  their  presence  was  not  constant  during  follow-up.  Only  samples  from  two  patients  for
each  region  exhibited  Q80R/K/L  and  A421V  as  highly  predominant  variants.  No  significant  differences
were  observed  among  sampling  times  for either  � or D values.  In conclusion,  previous  therapy  and  failure
of peg-IFN+RBV  were  not  associated  with  an  increase  in  DAA-targeting  NS3  or  NS5B  RAVs  that  naturally
exist  in  HIV  co-infected  subjects.

© 2015  Elsevier  B.V.  and  the  International  Society  of  Chemotherapy.  All  rights  reserved.

1. Introduction
Q2

Due to shared routes of transmission, co-infection with hep-
atitis C virus (HCV) is common in human immunodeficiency virus
(HIV)-infected patients. Approximately 10–15% of HIV-infected
individuals worldwide are co-infected with HCV. Until 2011, the
standard of care in HCV treatment for HCV/HIV co-infection was
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pegylated interferon-� (peg-IFN) and ribavirin (RBV) for 24 weeks
or 48 weeks aimed at achieving virological clearance. However,
only 40% of patients monoinfected with HCV, and 20% of those
co-infected with HCV/HIV, achieved this goal. In this context,
direct-acting antiviral (DAA) agents are one of the major advances
in HCV medical treatment allowing improved rates of sustained
virological response. Several DAAs have thus far been approved for
use in the USA, Europe and Japan, targeting the viral NS3 protease
and NS5B polymerase [1].

Virological failure in patients receiving DAA regimens is associ-
ated with the emergence of resistance-associated variants (RAVs)
[2–4]. HCV NS5B polymerase misincorporates nucleotides at a rate
of 1 per 10 000 bases copied. This low fidelity of replication, in addi-
tion to a high replication rate that can result in the production of up
to 1012 virions per day, results in HCV existing as a diverse collection
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of closely related variants called quasispecies. Hence, according to
theoretical considerations, emergent resistant variants represent
pre-existing minor quasispecies that become dominant under the
selective pressure of drugs [5].

As a result of IFN-enhanced immunological pressure, HCV vari-
ants carrying specific NS3- and NS5B-derived epitopes could have
been selected in order to avoid the host immune response and con-
sequently some resistant variants could also be co-selected as a
hitchhiking effect [6,7].

The aim of the present longitudinal study was to analyse the
dynamics of the frequency of protease and polymerase inhibitor
RAVs that could affect future HCV treatment in HIV co-infected
patients on stable antiretroviral therapy with prior IFN-based treat-
ment failure.

2. Materials and methods

2.1. Patients and samples

This was a retrospective study of 18 HIV patients co-infected
with HCV genotype 1a (VERSANT HCV Genotype Assay INNO-
LiPA HCV II; Bayer HealthCare, Éragny, France) from a hospital in
Buenos Aires (Argentina) treated with peg-IFN+RBV between 2007
and 2009. Samples were store at −80 ◦C and were obtained from
patients not responding to dual therapy. The absence of response
to peg-IFN+RBV therapy was defined according to treatment guide-
lines [8]. Samples were obtained prior to peg-IFN+RBV initiation
(baseline) and at 24 h and 4, 12, 24 and 48 weeks during therapy. In
some patients, an additional sample was collected 24 weeks after
the end of treatment (72 weeks). The protocol was approved by
the Ethics Committee of the Huesped Foundation (Buenos Aires,
Argentina).

2.2. Nested reverse transcriptase PCR and ultra-deep
pyrosequencing (UDPS)

RNA extraction and cDNA synthesis were performed using
a QIAamp® Viral RNA Mini Kit (QIAGEN, Hilden, Germany) and
Superscript II (Invitrogen, Waltham, MA), respectively, according to
the manufacturers’ instructions. For the first round of PCR, amplifi-
cation of the target regions was carried out using specific primers.
Subsequent nested reactions were performed using primers NS3-nf
(5′-GACAAAAACCARGTGGAGGG-3′, H77c nucleotides 3492–3511)
and NS3-nr (5′-CCGGGGACCTCATGGTTGTC-3′, H77 nucleotides
3947–3966) and NS5B-nf (5′-TACGACTTGGAGCTCATAACA-3′,
H77 nucleotides 8673–8693) and NS5B-nr (5′-
GCGCGGACRCTCCGGGCCCGG-3′, H77 nucleotides 9107–9127).
PCR amplicons from three reactions were pooled for each sample.

UDPS was performed on a Genome Sequencer-FLX (Roche/454
Life Sciences, Penzberg, Germany) according to the manufac-
turer’s instructions. The technical error rate for the UDPS run
was estimated by cloning (Easy Vector; Promega, Fitchburg, WI),
amplifying and sequencing (ABI PRISM 3100; Applied Biosystems,
Foster City, CA) one randomly selected sample for each analysed
region. Each UDPS read was aligned to the corresponding plasmid
sequence using Mafft (http://mafft.cbrc.jp/alignment/software/)
and the number of mismatches was counted.

2.3. Quality control

The data obtained were filtered based on sequence length, base
calls quality and frame shifts. Strict parameters were selected
to ensure proper filtering of the data. Reads with lengths either
shorter than 300 bases or longer than 540 bases were filtered
out. Also, reads containing at least one base displaying a base call
value ≤10 were discarded, and no sequence with Ns was  kept

in the processed data set. In addition, an average (mean) qual-
ity value ≥30 was required for each read in order to pass the
quality control. Finally, low-quality read ends were trimmed out.
All of these pre-processing steps were done using PRINSEQ v.0.15
[9].

A limitation of this first pre-processing quality-based analy-
sis is that it is unable to correct errors inherent to the presence
of homopolymer regions, i.e. extension (insertions), incomplete
extensions (deletions) and carry forward errors (insertions and
substitutions), which could have associated high quality values.
Thus, the obtained data set from each sample processed by PRINSEQ
was aligned using isolate H77 as a reference sequence (Gen-
Bank accession no. AF009606), then the insertion/deletion within
homopolymer regions were corrected, the carry forward errors
were amended and reads with frame shifts were removed.

2.4. Inhibitor resistance-associated variants

NS3 and NS5B nucleotide sequences obtained by UDPS that
passed the quality control were analysed to evaluate the presence
of RAVs (Supplementary Table S1) as well as their frequencies with
time for each patient. In addition, the mean RAV frequency for
each position and the proportion of patient showing them were
obtained. For these last calculations, if a position for any patients
exhibited RAVs with frequencies >20%, they were not considered
in order not to distort the analysis of minority variants.

2.5. Viral population diversity

Two measures of genetic diversity were used to compare virus
populations, average pairwise nucleotide diversity (�) [10] and
Tajima’s D statistic [11]. An illustrative sliding window analysis of
Tajima’s D was done for patients with reads for each sample time
between baseline and 24 weeks of treatment (seven patients for
NS3 and NS5B, respectively). Both measures and sliding window
analysis (50 nucleotide window with 10 nucleotide step size) were
computed using DnaSP v.5.10.01 [12].

2.6. Statistical analysis

Differences in mean diversity indices were tested using
Kolmogorov–Smirnov test. Correlations between nucleotide diver-
sity indices and sequencing depth were evaluated by Spearman’s
correlation. A P-value of <0.05 was  considered statistically signif-
icant. All analyses were performed with SPSS v.12.0 (SPSS Inc.,
Chicago, IL).

3. Results

The demographics and clinical characteristics of the patients as
well as safety laboratory parameters at baseline are given in Table 1.

From 71 PCR products obtained from 18 HCV/HIV co-infected
patient samples during follow-up, UDPS yielded 63 674 reads for
the NS3 region (mean coverage 897, range 157–4202) and 48 127
reads for the NS5B region (mean coverage 678, range 288–1777).
The reads obtained were processed according to the quality control
requirements as described in Section 2.3. The median mismatch
error rate or technical error rate was 7 × 10−4 for NS3 and 6 × 10−4

for NS5B.
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