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Background: HCV has a high replication rate and a lack
of proofreading activity, leading to a greatly diverse
viral population. This diversity may lead to emergence
of resistant strains in direct-acting antiviral therapy. The
frequency of naturally occurring HCV protease inhibitor
(PI) mutations has been addressed in many countries, but
there are few data on the prevalence of these mutations
in Brazilian patients.
Methods: We evaluated the sequence of HCV NS3 protease gene in 247 patients (135 HCV-monoinfected
and 112 HIV–HCV-coinfected patients). HCV RNA was
extracted from plasma and a fragment of 765 base pairs
from the NS3 region was amplified and sequenced with
Sanger-based technology.
Results: HIV–HCV-coinfected patients were more likely
to be older than 40 years and have an HCV subtype-1a

infection. Overall, 21.9% of patients had at least one
amino acid substitution in the NS3 region; 14 patients
(5.7%) harboured at least one resistance mutation (T54S, V55A, Q80R) and the Q80K mutation was
not found in our case series. There was no difference
between monoinfected and coinfected patients regarding the frequency of natural polymorphisms and resistance mutations.
Conclusions: Baseline HCV NS3 amino acid substitutions
identified herein are considered mostly natural polymorphisms with no clinical impact on PI-based therapy. The
identified resistance mutations may be associated with
low-level resistance to PIs in vitro. Q80K substitution
seems to be a rare event in Brazil. HIV coinfection was not
associated with a greater frequency of such substitutions
in the studied sample.

Introduction
HCV infection is a leading cause of chronic liver disease
worldwide [1,2]. There are currently about 160 million
infected individuals, corresponding to approximately
3% of the world’s population [3]. A cross-sectional study
conducted in all Brazilian macro-regions from 2005 to
2009 using a sample of 19,503 inhabitants aged between
10 and 69 years determined an overall weighted prevalence of hepatitis C antibodies in 1.38%, corresponding
to about 2.8 million infected individuals in Brazil [4].
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Due to shared routes of transmission, chronic hepatitis C infection is a common comorbidity among patients
infected with HIV. HIV coinfection modifies the natural history of hepatitis C, promoting a rapidly progressive liver disease in this population [5]. Until recently,
the only available treatment for HIV–HCV patients
has been pegylated interferon plus ribavirin. However,
this therapy provides clearance in fewer than one-third
of patients with HCV genotype-1, which is the most
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prevalent HCV genotype worldwide [6]. Therefore,
more effective therapeutic alternatives are needed to
treat this group of patients.
In recent years, treatment of HCV infection has
undergone a remarkable evolution with the advent of
antiviral drugs targeting non-structural HCV proteins
capable of blocking the viral cell cycle at different
sites. These drugs are known as direct-acting antivirals
(DAAs) [7]. The first class of DAAs available for hepatitis C treatment include telaprevir and boceprevir. These
two drugs belong to the HCV NS3 protease inhibitor
(PI) group [8].
HCV’s high replication rate, together with the low
fidelity of HCV polymerase result in the rapid emergence of viral variants, leading to viral nucleotide
polymorphisms but also to variants harbouring resistance mutations, which may decrease susceptibility
to a future antiviral therapy [9,10]. There are a few
studies from different areas of the world describing
the prevalence of DAA-naive patients with viral populations predominantly resistant to DAAs. This prevalence may vary from 0 to 7%, depending on the group
of patients included or the sequencing methodology
employed [11–14].
In viruses such as HIV, a consistent correlation has
been shown between some polymorphisms and antiviral therapy failure. Nevertheless, the clinical impact
of baseline mutations and their implication for DAAbased therapy for HCV remains unknown [8].
Previous work carried out with Brazilian populations has reported prevalences of 4.1% to 18.9% of
NS3 mutations in HCV-monoinfected patients [15–18].
However, the presence of HCV NS3 PI resistant mutations have yet to be studied in Brazilian HCV patients
coinfected with HIV.
The aim of this study was to describe the frequency
of natural polymorphisms and resistance mutations
in HCV protease from HCV and HCV–HIV-infected
patients in Brazil and to analyse the possible association between amino acid substitutions and clinical and
demographic variables.

Methods
Patients
A total of 300 HCV-infected patients were enrolled
in this study. This cohort included 150 HCV-monoinfected patients and 150 HCV–HIV-1-coinfected
patients. Patients were followed-up in five different infectious disease reference centres in Brazil:
Infectious Diseases Research Unit (ABC Foundation
Medical School), Clínicas de Especialidades de São
Bernardo do Campo, Hospital das Clínicas da Faculdade de Medicina da Universidade de São Paulo,
Centro de Referência e Treinamento DST/AIDS-SP
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(all located in the São Paulo Metropolitan area) and
the outpatient clinic for HIV patients in Caxias do
Sul, Rio Grande do Sul.
All patients diagnosed with chronic hepatitis C
who were referred to these reference centres between
2011 and 2013 were invited to participate in the study.
Patients were included in the study if they had an HCV
genotype-1 infection, had detectable levels of viral
RNA in the serum, were naive to PIs or other investigational anti-HCV drugs and signed an informed consent
form to participate in the study. The exclusion criteria
consisted of HBV coinfection or the presence of other
hepatic diseases.

Ethics statement
This study was approved by the Ethics Committee of
the ABC School of Medicine (Faculdade de Medicina
do ABC, São Paulo, Brazil) under protocol number
011/2010. Written informed consent was obtained
from each participant prior to enrolment in the study.

Analysed variables
Medical records were retrospectively reviewed to
ascertain demographic (age and gender) and clinical
characteristics as well as laboratory data. HCV-associated variables included liver fibrosis score (based on
the METAVIR classification), HCV subtype and information on viral response to prior treatment against
HCV (with pegylated interferon and ribavirin). We
also recorded type of virus exposure: blood transfusion, intravenous or inhaled drug use, tattooing/piercing, high-risk sexual behaviour, occupational exposure
and non-sexual HCV household contact.
For HIV patients, we also evaluated antiretroviral
therapy use, HIV viral load and CD4+ T-cell count at
the time the blood sample was collected and during the
previous 12 months.

Determination of HCV viral load and genotyping
HCV RNA was detected by real time PCR using a
commercially available kit (Cobas AmpliPrep/Cobas
TaqMan HCV test, version 2.0; Roche Diagnostics,
Branchburg, NJ, USA) [19] and extracted from plasma
samples using the QIAamp® Ultrasens Virus kit (Qiagen, Hilden, Germany), according to the manufacturer’s instructions. HCV genotyping was conducted
according to the methodology described by SandresSauné et al. [20].

Amplification and sequencing of the NS3 protease gene
A fragment of 765 base pairs from the NS3 region
of the HCV genome was amplified using primers, as
previously described [15]. Initially, the extracted viral
RNA was transcribed to cDNA and amplified by PCR
using SuperScript® III One-Step RT-PCR System with
©2015 International Medical Press
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Platinum® Taq High Fidelity DNA Polymerase kit (Life
Technologies, Carlsbad, CA, USA). Cycling conditions
included an initial cDNA synthesis step at 50°C for 30
min followed by a denaturation step at 94°C for 2 min,
35 cycles of PCR amplification (94°C for 30 s, 56°C for
30 s, 68°C for 1 min and 30 s) and a final 5 min extension step at 68°C.
The initial reverse transcription PCR product was
subjected to a second round of PCR by using Platinum
Taq DNA polymerase (Life Technologies). Cycling conditions for the second round consisted of a denaturation step at 94°C for 3 min, followed by 30 cycles at
94°C for 30 s, 60°C for 30 s, 72°C for 1 min and 30 s,
and a final 5 min extension step at 72°C. PCR products
from the second amplification were detected by agarose
gel (2%).
Amplified PCR products were purified using an
ExoSAP-IT PCR Clean-up kit (Affymetrix, Cleveland,
OH, USA), then sequenced with a BigDye® Terminator
v3.1 Cycle Sequencing kit (Life Technologies, Foster
City, CA, USA) and electrophoresed in the ABI3500
DNA sequencer (Life Technologies).

Analysis of mutations associated with resistance to PIs
The consensus sequences of each sample were obtained
by aligning both sequenced strands (sense and antisense) using CodonCode Aligner software (CodonCode
Corporation, Dedham, MA, USA). Assembled contigs
were aligned using the CLUSTALW program integrated with the BioEdit v.7.0.8 software (Ibis Bioscience, Carlsbad, CA, USA). Nucleotides were translated
into amino acids and analysed for the presence of previously-identified substitutions conferring resistance to
NS3 PIs: V36A/M, T54A/S, V55A, Q80K/R, R155K/T,
A156S/T/V, D168A/V/E/T and for polymorphisms previously found in these patients in amino acid residues
V36, F43, T54, V55, Q80, R109, S122, I132, S138,
R155, A156, V158, D168, V170 and M175 [10,21].

Statistical analyses
We first conducted a frequency distribution analysis of
the previously-described polymorphisms of the HCV
NS3 protease and of the mutations associated with
resistance to PIs in Group 1 (HCV–HIV-coinfected
patients) and Group 2 (monoinfected patients). We also
conducted a frequency distribution analysis of patient
demographic and clinical variables.
To determine whether amino acid substitutions were
associated with each collected clinical or demographic
variable, we used the Student’s t-test. For categorical
variables, we used the Pearson’s c2 or Fisher’s exact tests
if the group was small. Two-tailed P-values were calculated and considered statistically significant if P≤0.05.
Analyses were conducted using SPSS software, version
15.0 (SPSS Inc., Chicago, IL, USA).
Antiviral Therapy 20.3
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Results
From the 300 patients initially enrolled in this study, 15
monoinfected and 38 coinfected patients were excluded
due to poor quality NS3 amplification and sequencing (30
samples) or low viraemia level (23 samples). The remaining 247 HCV-infected patients included 135 HCV monoinfected patients and 112 HIV-1-coinfected patients.
Demographic and clinical characteristics are summarized in Table 1. A total of 63% of patients were male
and the mean age was 44.86 years (±9.66). In the coinfected group, most patients were older than 40 years
old (P=0.001). This group was also more frequently
infected with HCV subtype-1a (P=0.0001) and mostly
acquired their viral infection through intravenous drug
use or high-risk sexual behaviour (P=0.0001). A history
of blood transfusion was more frequent among HCVmonoinfected patients (P=0.0001). Two patients in the
coinfected group were haemophiliacs.

Mutations associated with resistance to PIs
A total of 54 out of 247 (21.86%) sequences from
HCV genotype-1 patients showed at least one NS3
amino acid substitution. The monoinfected and coinfected groups did not differ significantly in terms of the
frequency of viruses with at least one of these substitutions – neither in the frequency of NS3 natural polymorphisms at positions 36, 55, 80, 122 or 175 nor in
the known NS3 PI resistance mutations sites, isolated
or in combination (Table 2).
Among HCV–HIV-coinfected patients, the NS3 protease variants detected included: M175L (1/23), Q80L
(4/23), Q80R (2/23), S122G (7/23), S122N (1/23),
S122T (1/23), T54S (3/23), V55I (3/23), V36L (1/23)
and V55A (4/23). In the monoinfected group, NS3
substitutions included: M175L (2/31), S122G (21/31),
S122N (2/31), S122T (2/31), T54S (2/31), V55A
(3/21) and V55I (1/31). Among patients with at least
one amino acid substitution, only 14 were related to
a low-level resistance to PIs (T54S/V55A/Q80R). Most
patients had amino acid substitutions considered to be
natural polymorphisms (M175L, Q80L, S122G/N/T,
V55I and V36L). S122G/N/T was the most frequent
substitution and was more common among monoinfected patients (25 monoinfected versus 9 coinfected;
P=0.004). Q80K was not detected in any patient.
In total, six individuals (four coinfected and two
monoinfected patients) had more than one amino acid
substitution in a single sequence, and these included
double (T54S+V55I; V55A+Q80R; T54S+S122G;
V55A+S122G) or triple (T54S+V55I+Q80L) substitution combinations.
The comparison between patients with any NS3
amino acid substitution (54 patients) and patients without amino acids substitutions (193 patients) did not
283
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Table 1. Demographics, clinical characteristics and risk factors for HCV infection among HCV-infected individuals according
to HIV infection
All patients
Overall characteristics
Patients
Gender, male
Mean age, years (sd)
Age ≥40 years
HCV characteristics
Subtype-1a
Mean HCV viral load, IU/ml (sd)
Previous HCV treatment with
PEG-IFN/ribavirin
Non-responders
Relapsers
Response to treatment unknown
HIV characteristics
Mean CD4+ T-cells, cells/mm3 (sd; n=106)
HIV viral load (detectable; n=96)
AIDS-defining illness (n=96)
HIV patients on HAART
Liver biopsy
No fibrosis or mild fibrosis
(METAVIR F0 and F1)
Moderate-to-severe fibrosis
(METAVIR F2 and F3)
Liver cirrhosis
Risk factors
Blood transfusion before 1993
Intravenous drug use
High-risk sexual behavioura

HCV–HIV-coinfected
patients

HCV-monoinfected		
patients
OR (95% CI)

P-value

				
247 (100)
112 (100)
135 (100)
–
–
156 (63.15)
76 (67.80)
80 (59.25)
1.45 (0.85, 2.45)
0.163
44.86 (9.66)
44.7 (7.51)
44.90 (11.3)
–
0.939
162 (65.60)
86 (76.78)
76 (59.30)
2.56 (1.47, 4.47)
0.001
				
141 (57.08)
95 (84.82)
46 (34.07)
10.81 (5.77, 20.23)
0.0001
2,959,047 (3,819,330) 3,432,810 (4,096,501) 2,573,018 (3,546,414) –
0.084
104 (42.10)
51 (46.43)
53 (6.60)
1.29 (0.77, 2.14)
0.320
79 (75.96)
43 (84.31)
36 (67.90)
2.53 (0.98, 6.56)
0.051
9 (8.60)
5 (9.80)
4 (7.54)
1.33 (0.33, 5.26)
0.682
16 (14.40)
3 (5.80)
13 (24.52)
0.19 (0.05, 0.72)
0.014
				
–
567 (288.30)
–
–
–
–
16 (16.67)
–
–
–
–
46 (47.91)
–
–
–
–
106 (94.64)
–
–
–
87 (35.20)
61 (54.46)
26 (19.25)
–
0.0001
44 (50.50)
26 (42.62)
18 (69.23)
–
–
33 (37.90)

26 (42.62)

7 (26.92)

–

–

10 (11.50)
9 (14.75)
1 (3.84)
–
–
				
48 (19.40)
8 (7.10)
40 (29.60)
0.18 (0.08, 0.41)
0.0001
84 (34.00)
73 (65.10)
11 (8.14)
21.10 (10.17, 43.73) 0.0001
77 (31.20)
50 (44.65)
27 (20)
3.22 (1.83, 5.66)
0.0001

Values are n (%) unless otherwise indicated. Significant values are in bold. All statistical analyses were carried out with Pearson’s c2 test or Fisher’s exact test except for
categorical variables when Student’s t-test was applied. aHigh-risk sexual behaviour (sexual intercourse with HIV-positive or HCV-positive partners or intravenous drug
users; sexual intercourse without use of condom or more than three sexual partners per year).

Table 2. Natural polymorphisms and resistance mutations in selected sites along the HCV NS3 protease sequence in both groups
of patients

HCV NS3 amino acid substitutions
HCV NS3 natural polymorphismsa
HCV NS3 PI resistance mutations (T54 S/V55 A/Q80 R)
T54S
V55A
Q80R
V55A+Q80R

All patients
(n=247)

HCV–HIV-coinfected
patients (n=112)

HCV-monoinfected
patients (n=135)

P-value

54 (21.86)
40 (16.19)
14 (5.66)
6 (2.42)
6 (2.42)
1 (0.40)
1 (0.40)

23 (20.53)
14 (12.50)
9 (8.03)
4 (3.57)
3 (2.68)
1 (0.89)
1 (0.89)

31 (22.96)
26 (19.26)
5 (3.70)
2 (1.48)
3 (2.22)
0 (0)
0 (0)

0.646
0.151
0.143
0.415
1.000
0.453
0.453

Values are n (%) unless otherwise indicated. All statistical analyses were carried out with Pearson’s χ2 test or Fisher’s exact test. aV36L, V55I, Q80L, S122 G/N/T and
M175L. PI, protease inhibitor.

reveal any difference regarding most of the analysed
variables (gender, age, HIV coinfection, HCV–HIV
transmission risk factor, HCV RNA level, liver fibrosis
score and previous treatment for HCV). HCV subtype1b was the only variable associated with any HCV protease amino acid substitution (38 versus 68; P=0.0001).
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In the HIV-coinfected group, no statistical difference in
CD4+ T-cell count was observed when stratified according to the presence or absence of HCV protease variants: 543 cells/mm3 (±266) versus 586 cells/mm3 (±295),
respectively, P=0.559. Furthermore, only nine patients
had CD4+ T-cell counts below 200 cells/mm3 and none
©2015 International Medical Press
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of them presented NS3 protease polymorphisms in the
analysed sites or resistance mutations to DAAs.

Discussion
The aim of the present study was to evaluate the
prevalence of natural polymorphisms in the NS3
protease related to resistance to PIs in patients with
chronic hepatitis C, with or without HIV coinfection.
Overall, 21.86% of patients showed at least one NS3
amino acid substitution in the analysed sites. These
substitutions were found in 20.53% of HCV–HIVcoinfected patients and in 22.96% of HCV-monoinfected patients. The frequency of natural polymorphisms and mutations associated with resistance to
PIs was similar between the coinfected and monoinfected groups. This result is in line with several published studies [22–26], but contradicts Morsica et al.
[27], who reported a higher prevalence of mutations
in 31 HIV–HCV-coinfected patients compared to
250 HCV sequences retrieved from GenBank (16.2%
versus 0.8%; P≤0.05). In the current study, polymorphism S122G was the most common substitution
in HCV genotype-1b samples. This finding possibly
indicates a greater variability at NS3 position 122
in HCV Brazilian samples. However, in vitro studies
have not shown any influence of S122G substitution
on PI inhibitor activity [21,28].
As a group, coinfected patients were older (>40 years
old) than monoinfected individuals and the great majority of them harboured genotype-1a (84.82%). This
finding may have had some impact on HCV diversity,
which could eventually modify some results observed
in this study. Older age among HCV–HIV-coinfected
patients was also reported in a large study involving
databases from the Brazilian Ministry of Health [29],
and other studies described genotype-1a as more prevalent among different sets of coinfected patients [30,31].
Genotype-1a has been associated with a lower sustained virological response (SVR) and a greater chance
of selection of mutants resistant to PIs (that is, V36M,
R155K and Q80K) [5]. On the other hand, the proportion of monoinfected patients harbouring genotype-1b
was high (65.9%), a finding which has previously been
reported in Brazilian patients [32–34].
Previous studies in different parts of the world (for
example, Italy and France) have reported a prevalence
of resistance-associated mutations of 7.5% to 26% in
coinfected patients and 0.8% to 19.3% in monoinfected patients [23–25,27]. Prevalence of NS3 mutations in HCV-monoinfected subjects reported to date in
Brazil range from 4.1% to 18.9% [15–18].
It is important to emphasize that mutations linked to
high-level PI resistance were not found among patients
included in this cohort. In fact, only three variants
Antiviral Therapy 20.3
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associated with low-to-moderate level resistance were
identified: Q80R, V55A and T54S. These mutations lead
to a low-to-moderate fold-change in drug median effective concentration (that is, 5–20-folds in EC50). V55A
substitution may decrease susceptibility to boceprevir
in HCV genotype-1b-infected patients, while T54S may
trigger resistance to both first generation PIs (telaprevir
and boceprevir) and Q80R may result in almost sixfold
resistance to simeprevir [10,35,36].
Worldwide, few case series have identified primary
mutations associated with medium or high levels of
resistance. Actually, they are generally found in less
than 3% of screened samples [13]. The clinical impact
of baseline mutations in the NS3 region (associated
with high or low levels of resistance) is not yet understood for all PIs. Some case series including more than
2,000 patients undergoing telaprevir- or boceprevirbased therapy showed no impact of primary mutations
in SVR after use [13,14]. On the contrary, the natural
occurrence of the Q80K mutation has been associated
with lower chances of achieving SVR after simeprevir
use [35]. We did not find any patient harbouring this
mutation among the 247 patients analysed in this series.
When all patients (monoinfected and coinfected)
were evaluated together, we observed an association
between polymorphisms/mutations in the NS3 region
and HCV subtype-1b (P=0.0001). This finding may
reflect the fact that subtype distribution was not homogeneous across groups.
Regarding HIV profile, immunosuppression defined
by CD4+ T-cell depletion is associated with a diminished CD8+ T-cell response specific to HCV, which may
prompt an increased pool of viral variants eventually
harbouring resistance mutations [37]. There was no difference in the frequency of CD4+ T-cell count and HCV
polymorphisms/mutations in the studied group, as the
great majority of HIV-coinfected patients received antiretroviral therapy and thus had a good immune profile.
In summary, this study shows that 22.96% of HCVmonoinfected patients and 20.53% of HIV-coinfected
patients harboured at least one amino acid substitution in the HCV NS3 protease. Overall, these variants were considered natural polymorphisms, being
eventually associated with low-level resistance to PIs
(that is, T54S/V55A/Q80R). The Q80K mutation was
not observed in this series of patients. HIV coinfection
was not associated with a greater frequency of polymorphisms or resistance mutations in the HCV NS3
protease region. Understanding HCV genetic variability can influence the clinical decision-making policies
for DAA therapy in Brazil and this would allow for a
safer use of PIs (first and second wave) in interferonbased or interferon-free therapy regimens. Further
local protocols enrolling larger samples are needed to
confirm these results.
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