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Background: Direct-acting antiviral (DAA) resistance-associated substitutions (RASs) can 

jeopardize the effectiveness of DAAs in patients with hepatitis C virus (HCV). The selection 

pressure by pegylated-interferon (Peg-IFN) plus ribavirin (P/R) treatment may enhance HCV 

genome variation. However, whether P/R treatment alters the rate of change of RASs is still 

unclear.

Materials and methods: We retrieved the genomic sequences of HCV genotype (GT) 1a 

patients from GenBank, which included patients naïve to P/R (pre-IFN group) and those previ-

ously treated with P/R (post-IFN group). The sequences were aligned and analyzed by using 

MEGA 6.0 software. Clinically relevant RASs were summarized from the current medical 

literature.

Results: In the cross-sectional study, the total prevalence of clinically relevant RASs was 

high, independent of the treatment group (pre-IFN: 219/403 [54.34%] vs post-IFN: 67/131 

[51.15%]). The high prevalence was mainly detected in the NS3 region RAS at Q80 (40.69% 

vs 36.64%). The RASs in the NS5A region, such as M28, Q30, L31 and Y93, were uncommon 

(0%–5%). Similarly, all RASs showed no difference between the two groups. One exception 

was the RAS at I170 in the NS3 region, which was significantly higher in the post-IFN group 

than in the pre-IFN group. In the longitudinal study, similar results were observed. However, 

no difference in RAS at I170 was observed between the two groups. Finally, no clinically 

relevant RASs were detected in response to the DAA regimens approved for GT 1a patients 

treated with P/R.

Conclusion: Our results suggest that previous P/R treatment failure was not favorably associ-

ated with an increase in DAAs RASs present in GT1a patients. Our results support the American 

Association for the Study of Liver Diseases’ recommendations of DAA intervention in P/R-

treated GT1a patients.

Keywords: pegylated-interferon, ribavirin, direct-acting antivirals, resistance-associated sub-

stitutions, prevalence

Introduction
Infection with the hepatitis C virus (HCV) is a serious global public health problem, 

with more than 170 million individuals infected worldwide.1 The combination of 

pegylated-interferon (Peg-IFN) plus ribavirin (P/R), as a standard of care for HCV-

infected patients, induces a sustained virologic response (SVR) in only 40%–50% 

of patients with genotype (GT) 1 infection.2,3 To achieve a higher SVR rate, better 

Correspondence: Peng Hu
Department of Infectious Diseases, 
Institute for Viral Hepatitis, The Key 
Laboratory of Molecular Biology for 
Infectious Diseases, Chinese Ministry 
of Education, The Second Affiliated 
Hospital of Chongqing Medical University, 
74 Linjiang Road, Yuzhong District, 
Chongqing 400010, China
Tel +86 023 6369 3289
Fax +86 023 6370 3790
Email hp_cq@163.com

Journal name: Infection and Drug Resistance 
Article Designation: ORIGINAL RESEARCH
Year: 2017
Volume: 10
Running head verso: Chen et al
Running head recto: P/R therapy does not alter DAA resistance in HCV GT1a patients
DOI: http://dx.doi.org/10.2147/IDR.S145362

 
In

fe
ct

io
n 

an
d 

D
ru

g 
R

es
is

ta
nc

e 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/ b
y 

3.
23

7.
20

5.
14

4 
on

 1
9-

Ja
n-

20
21

F
or

 p
er

so
na

l u
se

 o
nl

y.

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
https://www.dovepress.com/article_from_submission.php?submission_id=101395


Infection and Drug Resistance 2017:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

276

Chen et al

tolerability and shorter treatment duration, direct-acting 

antiviral agents (DAAs) have been developed recently, 

which specifically target three key regions of the HCV 

genome.4 Since the first DAA was approved in 2011, it has 

opened a new era in HCV treatment. For most GT1 HCV 

patients who did not achieve SVR with P/R treatment, DAAs 

are a better choice.

However, due to the low fidelity of polymerase, high 

replication rate and selection pressures on HCV, HCV exists 

as a collection of viruses named “quasispecies”.5 HCV 

variants that reduce the susceptibility to DAAs have been 

called resistance-associated substitutions (RASs). RASs are 

a major limitation in the development of new DAAs. DAA-

resistant phenotypes have been observed both in vitro and 

during clinical trials.6,7 As some RASs have been associated 

with DAA treatment failure, we defined them as clinically 

relevant RASs.

Peg-IFN can enhance the host-specific antiviral immune 

response and clear the infected cells.8 As a result of elevated 

immunologic pressure by Peg-IFN, HCV variants may 

become more diversified to avoid the host immune response. 

In addition, a previous study suggested that ribavirin is an 

RNA mutagen, causing accumulation of HCV mutations 

during replication.9 Consequently, we hypothesized that 

some RASs could also occur as a hitchhiking effect during 

P/R treatment. However, the nature of the RASs, especially 

of clinically relevant RASs, in P/R treatment failure in GT1 

patients remains unclear.

In this cross-sectional and longitudinal study, we analyzed 

the frequency of clinically relevant RASs in P/R treatment 

failure in HCV GT1a patients based on the HCV genomic 

sequences from GenBank.

Materials and methods
Patient sequence screening strategy
As described previously, HCV genomic sequences were 

retrieved from GenBank (www.ncbi.nlm.nih.gov/nuccore) in 

June 2017 using the key words “hepatitis C virus” or “HCV”. 

After an initial search, near full-length HCV sequences 

(>9000 bp) were screened. Each sequence GT was retrieved 

and identified with the NCBI viral genotyping tool (http://

www.ncbi.nlm.nih.gov/projects/genotyping/formpage.cgi) 

and non-GT1a HCV sequences were excluded. Finally, 

detailed information regarding the P/R treatment was obtained 

based on the annotation of each HCV GT1a sequence from 

GenBank (Figure 1).

Sequences identified through
database search (n=1,036,119)

Sequences <9000 bp
(n=1,027,729)

Non-genotype 1a sequences
(n=7683)

Full-length sequences (n=8390)

HCV genotype 1a sequences
(n=707)

P/R treated or not

Unclear
(n=173)

Post-IFN sequences
(n=131)

Pre-IFN sequences
(n=403)

Sequences from the same patient

20 matched pairs
sequences

Figure 1 Search and screening strategy of the GenBank database of HCV genotype 1a patients’ sequences.
Abbreviations: HCV, hepatitis C virus; IFN, interferon; P/R, pegylated-interferon plus ribavirin; post-IFN, pegylated-interferon plus ribavirin treatment experienced; pre-
IFN, pegylated-interferon plus ribavirin treatment naïve.
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Variant analyses and definition
Clinically relevant RASs of all approved DAAs included in 

this study were identified from the most recently available 

publications and are summarized in Table 1.10–21 Sequences 

were aligned and analyzed with MEGA 5.0 software (Center 

for Evolutionary Medicine and Informatics, Tempe, AZ, 

USA). Variant type was described as a substitution of the 

consensus amino acid with a novel one compared with the 

reference sequence (accession number: NC. 004102). For 

instance, Y93H and Y93N in the NS5A region were described 

as two variant types.

Statistical analyses
All data are presented as rates (%) and were analyzed statis-

tically using chi-square test with SPSS 17 software (SPSS 

Inc., Chicago, IL, USA). P values were calculated with two-

tailed statistical analysis, and P values <0.05 were considered 

statistically significant.

Results
Screening of HCV GT1a sequences
We identified 1,036,119 sequences in the NCBI Nucleotide 

Database as of June 2017 using the key words “hepatitis 

C virus” or “HCV”. After removing the HCV sequences 

with <9000 bp, we narrowed the list of sequences of inter-

est to 8390 sequences. Further excluding HCV non-GT1a 

sequences by use of online genotyping tools as described in 

the “Materials and methods” section, we obtained 707 HCV 

GT1a sequences. Detailed P/R treatment information for each 

selected sequence was retrieved according to its annotation 

in GenBank. We identified 403 sequences that were derived 

from HCV patients who were naïve to P/R treatment (defined 

as the pre-IFN group) and 131 sequences that were derived 

from HCV patients after P/R treatment failure (defined as the 

post-IFN group). In the pre-IFN group and post-IFN group, 

we still found 20 pairs of HCV sequences, and each of them 

was derived from the same patient  (Figure 1). GenBank 

accession numbers of HCV sequences used in this study are 

provided in Table S1.

Prevalence of clinically relevant RASs in a 
cross-sectional study
To determine the prevalence of clinically relevant RASs in 

P/R treatment failure patients and whether P/R treatment 

has an effect on these RASs in a cross-sectional study, we 

compared the frequency of RASs in the pre-IFN group and 

Table 1 Summary of reported clinically relevant RASs in the NS3, NS5A and NS5B regions of HCV

Region Position Variants Drugs Ref. Region Position Variants Drugs Ref.

NS3 V36 A/G/M BOC, TVR, PTV 10 NS5A K24 G/N/R LDV 10

NS3 V36 I/L TVR 10 NS5A M28 T DCV, LDV, OMV, EBR 10,11

NS3 T54 A/S BOC, TVR 10 NS5A M28 V DCV, OMV 10

NS3 V55 A BOC, TVR 10 NS5A M28 A/G DCV, LDV 10

NS3 V55 I BOC 10 NS5A Q30 D/G/K/T DCV 10

NS3 Y56 H PTV 10 NS5A Q30 E LDV 10

NS3 Q80 K/R SMV 10 NS5A Q30 H DCV, LDV, EBR, VEL 10,12–15,21

NS3 V107 I BOC 10 NS5A Q30 R DCV, LDV, OMV, EBR, VEL 10,12–15,21

NS3 S122 G/R SMV 10 NS5A L31 I/V DCV, LDV 10

NS3 I132 V TVR 10 NS5A L31 M DCV, LDV, VEL 10,15

NS3 R155 K BOC, TVR, SMV, PTV, ASV 10,16 NS5A H58 D DCV, LDV, OMV 10

NS3 R155 G/M/T TVR 10 NS5A H58 R DCV 10

NS3 A156 S BOC, TVR 10 NS5A Y93 C/N DCV, LDV, OMV, EBR 10,12–14,21

NS3 A156 T BOC, TVR, GZR 10,17 NS5A Y93 H DCV, LDV, OMV, EBR, VEL 10,12–15,21

NS3 A156 V TVR 10 NS5A Y93 F/S LDV 10

NS3 V158 I BOC 10 NS5B S282 T SOF 10

NS3 D168 A/E/V SMV, PTV, ASV, GZR 10,13,16–20 NS5B C316 H/N/Y DSV 10

NS3 D168 G GZR 17 NS5B M414 I/T DSV 10

NS3 D168 N BOC, TVR, PTV, GZR 10,12,20 NS5B Y448 C/H DSV 10

NS3 D168 H SMV, PTV, ASV 10,19,20 NS5B A553 I/T/V DSV 10

NS3 D168 Y PTV, ASV 10,16,20 NS5B G554 S DSV 10

NS3 I170 F/T/V BOC 10 NS5B S556 G/N/R DSV 10

Abbreviations: ASV, asunaprevir; BOC, boceprevir; DCV, daclatasvir; DSV, dasabuvir; EBR, elbasvir; GZR, grazoprevir; LDV, ledipasvir; OMV, ombitasvir; PTV, paritaprevir; 
RASs, resistance-associated substitutions; Ref., reference; SOF, sofosbuvir; SMV, simeprevir; TVR, telaprevir; VEL, velpatasvir.
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post-IFN group. First, the overall prevalence of clinically 

relevant RASs in the post-IFN group was high (67/131, 

54.31%). However, the difference between the pre-IFN and 

post-IFN groups was not statistically significant (Figure 2). 

The high prevalence of clinically relevant RASs was mainly 

detected in the NS3 region, followed by the NS5A region and 

NS3+NS5A region (45.04%, 9.92% and 3.82%, respectively). 

Clinically relevant RASs were rarely observed in the NS5B 

region and NS3+NS5B region (<1%). Remarkably, no clini-

cally relevant RASs were found in the NS5A+NS5B region 

and all three combined regions (Figure 2). Similarly, no 

significant difference was observed in these regions between 

the two groups.

We also analyzed the change in specific clinically relevant 

RASs in each HCV region. In the NS3 region, the highest 

frequency of clinically relevant RASs was at Q80 (resistant to 

simprevir), but the difference between the two groups was not 

significant (40.69% vs 36.64%; Figure 3A). Similarly, the differ-

ence in RASs at V36, T54, V55, S122, I132, R155 and D168 was 

not significant. However, the prevalence of RASs at I170 (resis-

tance to boceprevir) was significantly higher in the post-IFN 

group than that in the pre-IFN group (3.23% vs 9.92%, P<0.01; 

Figure 3A). In the NS5A region, the prevalence of key clini-

cally relevant RASs at L31 (resistance to daclatasvir, ledipasvir 

and velpatasvir) and Y93 (resistance to daclatasvir, ledipasvir, 

velpatasvir and elbasvir) was low and no significant difference 

was observed between the two groups. Similar results were 

observed in the RASs at K24, M28, Q30 and H58 (Figure 3B).  

In the NS5B region, only one clinically relevant RAS was 

observed at S556 (resistance to dasabuvir). Its frequency was 

very low, and no significant difference was observed between 

the two groups as before (0.74% vs 0.75%, P>0.05; Figure 3C).

Finally, we investigated the prevalence of clinically rel-

evant RASs to the approved DAA combination regimens: 

elbasvir + grazoprevir, ledipasvir + sofosbuvir, simeprevir + 

sofosbuvir, velpatasvir + sofosbuvir, daclatasvir + sofosbuvir 

and paritaprevir + ombitasvir + dasabuvir. As expected, no 

combination RAS was observed even in the P/R treatment 

failure patients (data not shown).

Prevalence of clinically relevant RASs in a 
longitudinal study
In the longitudinal study, clinically relevant RASs in 20 pairs 

of pre-IFN and post-IFN sequences were analyzed. Similar 
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to the cross-sectional study, Q80K in the NS3 region was the 

clinically relevant RAS that was observed most commonly 

and the frequency was the same between the two groups (60% 

vs 60%). The remaining RASs, such as S122G and I132V 

in the NS3 region and M28V, Q30H, L31M and Y93H in 

the NS5A region, were rarely observed and no significant 

difference was observed between the two groups. No clini-

cally relevant RAS was detected in the NS5B region in the 

20 pairs of sequences. However, one RAS in the NS3 region 

was different from the cross-sectional study, that is, I170V. 

There was no significant difference between the pre-IFN and 

post-IFN groups (Table 2).

Discussion
Resistance to DAAs still hinders the cure of patients with 

HCV infection. Clinically relevant RASs play a main role 

in DAA resistance. However, little information is currently 

available about the changes in clinically relevant RASs in 

patients in whom P/R treatment failed. In this study, we found 

that even though a high prevalence of RASs was observed 

in P/R treatment failure patients, no changes occurred in the 

pre-IFN and post-IFN groups. No clinically relevant RASs 

were detected with DAA regimens that have been approved 

recently.

In the cross-sectional study, the overall prevalence of 

clinically relevant RASs was high, independent of the treat-

ment group. This finding was consistent with our previous 

study.22 Regarding the treatment-naïve patients and those 

retreated after P/R treatment failure, the European Associa-

tion for the Study of the Liver23 and the American Association 

for the Study of Liver Diseases (AASLD)24 both recommend 

baseline resistance testing for Q80K in the HCV GT1a 

genome when simeprevir is used in the treatment regimen. 

In this study, a high prevalence was mainly detected in RAS 

Q80K (40.69% vs 36.64%). The regional differences in the 

prevalence of RASs may account for the high frequency 

because all of the HCV sequences in our study were derived 

from patients in the USA. This finding was similar to that of 

a previous study,25 which also reported a high prevalence of 

Q80K in the USA (48%). Additionally, two patients of the 

pre-IFN group had an RAS observed at Q80R. It is worth 

noting that the prevalence of I107V (resistance to boceprevir) 

in the post-IFN group was significantly higher than in the 

pre-IFN group. This finding suggests that boceprevir should 

not be recommended to the P/R treatment failure patients. 

Furthermore, variants that confer low-level (V36M and 

R155K) resistance to telaprevir were observed with a low 

prevalence in our study, which is consistent with other find-

ings.26–28 However, high-level (A156V/T, 36+155, 36+156) 

resistance to teleprevir26 was not detected in this study.

In patients with HCV GT1a infection, the presence of 

baseline NS5A RASs (such as M28, Q30, L31 and Y93) that 

cause a large reduction in the activity of NS5A inhibitors 

(>5-fold) adversely impacts the response to NS5A-containing 

regimens.24 In this study, these RASs were detected with a 

lower frequency (0%–4.58%). The prevalence of RASs at 

M28, L31 and Y93 seems to be higher in the post-IFN group 

than in the pre-IFN group, but the difference did not reach 

statistical significance. In the NS5B region, the key RAS 

S282T was not found in any patient, which is consistent with 

a previous study.29 In addition, only one RAS was observed 

at S556. Similarly, no significant difference was observed 

between the two groups.

In the longitudinal study, analogous with the cross-

sectional study, no significant difference was observed 

between the pre-IFN group and post-IFN group. The results 

were consistent with a previous study,30 which found that 

P/R treatment failure does not alter the frequency of HCV 

NS3 and NS5B RASs in HCV/human immunodeficiency 

virus coinfected patients. However, the prevalence of RAS 

Q80K was higher in this study than in the earlier study (60% 

vs 27.78%).30 The different study patient populations may 

account for this difference.

Recommendation guidelines for DAA regimens in 

HCV GT1a patients treated with P/R have been published 

by the AASLD.24 As expected, no clinically relevant RASs 

were detected against these recommended DAA regimens. 

Therefore, our results support the AASLD recommenda-

tions of DAA regimens for HCV GT1a patients previously 

Table 2 Prevalence of clinically relevant RASs in the pre-IFN 
group and post-IFN group in the longitudinal study

Gene Position Detected 
Variant

Drugs Pre-IFN 
(n=20) 
n (%)

Post-IFN 
(n=20) 
n (%)

NS3 Q80 K SMV 12 (60) 12 (60)
NS3 S122 G SMV 1 (5) 1 (5)
NS3 I132 V TVR 1 (5) 1 (5)
NS3 I170 V BOC 1 (5) 1 (5)
NS5A M28 V DCV, OMV 1 (5) 1 (5)
NS5A Q30 H DCV, LDV, 

EBR, VEL
1 (5)

NS5A L31 M DCV, LDV, VEL 1 (5)
NS5A Y93 H DCV, LDV, 

OMV, EBR, VEL
1 (5)

Abbreviations: BOC, boceprevir; DCV, daclatasvir; EBR, elbasvir; IFN, interferon; 
RASs, resistance-associated substitutions; LDV, ledipasvir; NS, nonstructural 
protein; OMV, ombitasvir; post-IFN, pegylated-interferon plus ribavirin treatment 
experienced; pre-IFN, pegylated-interferon plus ribavirin treatment naïve; SMV, 
simeprevir; TVR, telaprevir; VEL, velpatasvir.
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treated with P/R. In addition, several recent clinical studies 

have reported generally similar SVR rates in P/R treatment-

naïve and P/R treatment-experienced patients across the 

various regimens.31–33 Our result that no difference in RASs 

was detected in the pre-IFN group and post-IFN group also 

provides support for the clinical findings.

This study offers two important strengths. First, we 

used HCV sequences from the current GenBank database 

to analyze the effect of P/R treatment on clinically relevant 

RASs both in cross-sectional and longitudinal studies. The 

number of HCV sequences in the cross-sectional study was 

large. Second, we analyzed full-length HCV sequences, 

such that we could investigate the combined effect of clini-

cally relevant RASs in different regions at the same time, 

which was important in determining the multiresistance to 

DAA regimens recommended in the guidelines. However, 

this study presents some limitations as well. First, all HCV 

sequences were obtained from GenBank. Some information 

about patients was not integrated, which prevented further 

analyses. Second, the number of HCV sequences in the longi-

tudinal study was small. Nevertheless, summarized from the 

cross-sectional and longitudinal study, the results were still 

reliable. Third, all of the HCV sequences from the GenBank 

database were obtained by Sanger sequencing, which cannot 

detect the presence of RASs as minor variants, compared to 

the deep sequencing approaches (20% vs 1% cutoff).34 This 

methodology limits our study, especially in the context of 

retreatment strategies.

In conclusion, in this study, we evaluated whether RASs 

could be increased or coselected as a result of P/R treatments 

in HCV GT1a patients. Our results suggest that previous 

P/R treatment failure was not favorably associated with the 

increase in DAAs RAS that naturally exists in GT1a patients. 

Our results support the AASLD recommendations of DAA 

regimens for P/R treatment-experienced GT1a patients.
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