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Summary
Background:  The  introduction  of  direct  acting  antivirals  (DAAs)  for  hepatitis  C  virus  (HCV)  treat-
ment promises  shorter  treatment  duration,  higher  cure  rates  and  fewer  side  effects.  Naturally,
occurring  Resistance  Associated  Substitutions  (RASs)  are  major  challenge  to  the  success  of  the
HCV antiviral  therapy.
Aim:  To  determine  the  naturally  occurring  NS5A  and  NS5B  RASs  in  Iranian  HCV  and  HCV/human
immunodeficiency  virus  (HIV)  patients.
Methods:  A  total  of  209  DAA-naïve  chronic  HCV  patients  including  104  HCV  mono-infected  and
Resistance  associated
substitution  (RAS);
NS5A;
NS5B

105 HCV/HIV  co-infected  cases  were  enrolled.  Amplification  and  Sanger  population  sequencing
of NS5A  and  NS5B  regions  of  HCV  genome  were  carried  out.  The  amino  acid  sequence  diversity
of the  NS5A  and  NS5B  regions  were  analyzed  using  geno2pheno  HCV.
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Results:  NS5A  RASs  were  detected  in  25.5%  of  HCV  and  16.9%  of  HCV/HIV  subjects.  In  HCV
cases, clinically  relevant  RASs  were  L28M  followed  by  M28Vand  Q30H  and  Y93H/N.  In  HCV/HIV
subjects,  clinically  relevant  RASs  were  Y93H/N  followed  by  L28M  and  P58T  and  M28V/T  and
Q30R. NS5B  RASs  were  observed  in  11.8%  of  HCV  and  5.9%  of  HCV/HIV  subjects.  Clinically  rele-
vant substitutions  were  included  V321A/I,  C316Y,  S282R  and  L159F.  The  major  S282T  mutation
was not  observed.
Conclusion:  The  emergence  of  RASs  is  a  growing  issue  in  the  setting  of  current  treatment  with
DAAs. Although  currently,  screening  of  RASs  is  recommended  before  specific  DAA  regimens,  it
should be  consider  in  patients  with  therapeutic  failure  and  in  the  cases  of  retreatment.
© 2019  Elsevier  Masson  SAS.  All  rights  reserved.
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Introduction

Hepatitis  C  virus  (HCV)  is  a  serious  public  health  concern
which  affects  3%  of  the  world’s  population  (130  million  peo-
ple)  and  one  million  new  cases  reported  annually  [1].  The
global  prevalence  of  HCV  varies  throughout  the  world  [2].
It  is  estimated  that  the  HCV  prevalence  in  Africa  is  about
5.3%  and  in  Eastern  Mediterranean  Region  (EMRO)  is  4.6%
[3].  Middle  East  also  shows  high  prevalence  of  HCV,  but  Iran
shows  the  lowest  prevalence  of  HCV  infection  in  the  Middle
East  (HCV  prevalence  less  than  0.5%)  [4].

Currently,  HCV  is  classified  into  seven  genotypes  and
several  subtypes  based  on  sequence  differences.  The
geographic  distribution  of  HCV  genotypes  is  different  world-
wide.  Globally  HCV  genotype  1  is  the  most  prevalent
genotype  throughout  the  world  followed  by  genotype  3  and
2,  which  accounts  for  46%,  22%  and  13%  of  all  HCV  infections
respectively  [5].  HCV  genotypes  1  and  3  are  the  most  com-
mon  genotypes  in  Iran  with  some  regional  variations  due  to
differing  population  backgrounds  [1].

The  HCV  genome  consists  of  9.0  to  9.8  thousand
nucleotides  that  encode  structural  and  non-structural  pro-
teins.  The  structural  proteins  (Core  and  the  envelope
glycoproteins  E1  and  E2)  form  viral  particles.  These  pro-
teins  are  separated  from  the  non-structural  proteins  by  the
short  membrane  peptide  p7.  The  non-structural  proteins
(NS2,  NS3,  NS4  A,  NS4B,  NS5A  and  NS5B)  are  involved  in
viral  polyprotein  processing  and  viral  replication.  NS5A  is
a  pleiotropic  protein  that  has  roles  in  viral  replication  and
assembly,  and  complex  interactions  with  cellular  functions
and  NS5B  acts  as  a  RNA-dependent  RNA  polymerase  (RdRp)
which  synthesizes  RNA  using  an  RNA  template  [6,7,8].

Since  2011,  new  medications  named  direct  acting  antivi-
rals  (DAA)  which  have  the  ability  to  directly  inhibit  specific
HCV  proteins  that  are  important  for  HCV  replication  in  hep-
atocytes  were  developed  for  HCV  treatment  [9].  DAAs  treats
HCV  infections  with  shorter  treatment  duration,  higher  cure
rates  and  fewer  side  effects.  Currently,  four  classes  of  DAAs
have  been  approved  for  HCV  treatment  which  act  on  three
therapeutic  targets  including  non-structural  NS3/4  A  pro-

tease  inhibitors,  NS5A  replication  complex  inhibitors  and
nucleoside  and  non-nucleoside  NS5B  RNA  dependent  poly-
merase  inhibitors  [10,11].  In  Iran  current  HCV  treatment
guidelines  with  DAAs  described  in  Alavian  et  al.  study  [4].
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Naturally  occurring  substitutions  which  account  for  var-
ous  degrees  of  resistance  to  DAAs  are  called  Resistance
ssociated  Substitutions  (RASs)  that  represent  a  major  chal-

enge  to  the  success  of  the  HCV  antiviral  therapy  [4,12].  The
ASs  may  occur  naturally  in  HCV  infected  patients  before
tarting  DAA  treatment  and  most  of  the  patients  with  treat-
ent  failure  harbor  the  viral  isolates  with  RASs  [4].  Two

orms  of  RASs  are  defined  as  Drug-Class  RAS  and  Drug-
pecific  RAS.  Drug-class  RASs  are  amino  acid  substitutions
hat  decrease  the  susceptibility  of  a  virus  to  any  member
f  a  drug  class  and  may  or  may  not  lead  to  resistance  to  a
pecific  drug  in  that  class.  Drug-specific  RASs  are  amino  acid
ubstitutions  that  decrease  the  susceptibility  of  a  virus  to  a
pecific  drug  [13].

Due  to  common  routes  of  transmission,  human  immun-
deficiency  virus  (HIV)  and  HCV  co-  infection  is  common.
he  presence  of  HIV  changes  the  HCV  progression  and  leads
o  more  frequent  HCV  persistence  after  acute  infection  and
ncreased  rate  of  HCV  infection  progression  to  liver  cirrhosis
nd  hepatocellular  carcinoma  [14]. RAS  were  also  reported
n  HIV/HCV  co-infected  patients  [15,16]. However,  a  smaller
ody  of  data  is  present  about  the  impact  of  HIV  infection  in
he  frequency  of  RASs  in  HCV  infected  cases.

Sofosbuvir  (SOF)  is  a  NS5B  polymerase  inhibitor  which  had
hown  a  high  genetic  barrier  in  all  studies.  But,  nevertheless
ew  substitutions  had  been  detected  in  NS5B  with  resis-
ance  to  SOF  [17—20]. The  NS5A  inhibitor  resistant  mutants
re  shown  in  10-30%  of  HCV  patients  at  baseline  [21,22].  It
eems  that  assessment  of  baseline  NS5A  and  NS5B  RASs  can
ave  a  role  in  optimization  of  HCV  treatment  with  DAAs  in
CV  patients  with  or  without  HIV  co-infection.  So,  in  this
tudy,  we  evaluated  naturally  occurring  NS5A  and  NS5B  RASs
n  DAA-naive  chronic  HCV  patients  with  or  without  HIV  co-
nfection  in  Iranian  population.

aterial and methods

tudy  population
n  this  cross  sectional  study,  a  total  of  209  DAA-naïve  chronic
CV  patients  were  enrolled  from  May  2017  to  February
018.  104  cases  were  HCV  mono-infected  and  105  subjects
ere  HCV/HIV  co-infected.  HCV  infection  was  confirmed  by
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ositive  results  in  HCV  antibody  (anti-HCV)  and/or  HCV-RNA
ests.  HIV  infection  was  determined  with  positive  HIV  anti-
ody  (anti-HIV)  testing,  which  was  confirmed  by  Western
lot  assay.  A  questionnaire  was  used  to  collect  demographic
nd  clinical  data.  The  project  was  approved  by  Pasteur
nstitute  of  Iran  ethical  committee.  Informed  consent  was
btained  from  all  subjects  before  participation.

Five  ml  of  whole  blood  from  each  patient  was  collected
n  an  ethylene  diamine  tetra-acetic  acid  (EDTA)  containing
terile  tube.  Plasma  was  separated  by  centrifugation  and
tored  at  −70 ◦C  until  use.

CV-RNA  extraction

CV-RNA  was  extracted  from  plasma  samples  using  the
igh  Pure  Viral  Nucleic  Acid  Kit  (Roche  Diagnostics  GmbH,
annheim,  Germany),  according  to  the  manufacturer’s  pro-

ocol.

S5A  and  NS5B  genes  amplification

everse  transcription  polymerase  chain  reaction  (RT-PCR)
nd  first  round  PCR  were  performed  using  the  PrimeScript
ne  Step  RT-PCR  Kit  Ver.2  (Takara  Bio  Inc.  Shiga,  Japan)

or  both  NS5A  and  NS5B  genes  under  the  following  thermal
ycling  conditions:  30  minutes  (min)  at  50 ◦C  and  2  min  at
4 ◦C,  then  40  cycles  of  30  seconds  (sec)  at  94 ◦C,  30  sec  at
7 ◦C,  1  min  at  72 ◦C  and  5  min  at  72 ◦C  for  the  final  extension.

Second  round  PCR  for  the  HCV  NS5A  gene  was  performed
sing  the  following  reaction  mixture:  2  �L  of  DNA,  2.5  �L
f  10X  PCR  buffer,  0.5  �L  of  5  U  Pfu,  1  �L  of  dNTP,  0.5  �L
f  each  PCR  primer  (10  pM)  and  up  to  25  �L  of  DEPC-treated
ater.  The  final  amplified  region  covered  the  HCV  NS5A  gene

rom  codon  1  to  codon  122.  The  following  primer  pairs  were
sed:  outer  sense  primer  (SEQ  ID  NO  -1),  5′-  GCGGTRCAGTG-
ATGAACAG  -3′;  outer  antisense  primer  (SEQ  ID  NO  -2),
′-GCCCCYGTGATGTAATGG-3′;  nested  sense  primer  (SEQ  ID
O  -3),  5′-  CRAGGGTCACKGCRCTGCTG-3′;  nested  antisense
rimer  (SEQ  ID  NO  -4),  5′-  TGCYGGGTCCGGTGGTGTAC-  3′.
enaturation  was  done  at  94 ◦C,  annealing  was  done  at  56 ◦C
nd  extension  at  72 ◦C.  Each  step  of  a  cycle  was  carried  out
or  1  minute.  The  outer  PCR  consisted  of  40  cycles,  and  the
ested  round  consisted  of  35  cycles.  A  final  extension  step
t  72 ◦C  was  carried  out  for  2  minutes.

Second  round  PCR  for  the  NS5B  gene  was  performed
sing  the  following  reaction  mixture:  2  �L  of  DNA,  2.5  �L
f  10X  PCR  buffer,  0.5  �L  of  5  U  Pfu,  1  �L  of  dNTP,  0.5  �L
f  each  PCR  primer  (10  pM)  and  up  to  25  �L  of  DEPC-
reated  water.  The  amplicon  was  a  598-bp  region  encoding
mino  acids  162  to  361  of  the  NS5B  gene,  and  the  follow-
ng  primer  pairs  were  used:  outer  sense  primer  (RT-1),  5′-
GACACYACAACYCCAATTCCAAC-3′;  outer  antisense  primer
RT  -2),  5′-  RTACCTCYTCCCCTTGTCGTC-3′;  nested  sense
rimer  (RT  -4),  5′-TGGCGAAGAACGAGGTGTTTTG-3′; nested
ntisense  primer  (RT  -3),  5′-  CCTGGTCATAGCCTCCGTGAAG

 3′.  The  PCR  conditions  were  as  follows:  94 ◦C  for  5  min

ollowed  by  35  cycles  of  94 ◦C  for  30  seconds  (denatura-
ion),  59 ◦C  for  30  seconds  (annealing),  and  72 ◦C  for  1  minute
extension).  A  final  extension  step  at  72 ◦C  was  carried  out
or  4  minutes.
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Both  PCR  products  were  visualized  on  a  2%  agarose  gel
ith  gelRed  staining.

irect  nucleotide  sequencing  and  sequence
nalysis

he  PCR  products  were  purified  using  gel  purification  kit
FavorPrepTM GEL/  PCR  Purification  Kit,  Ping-Tung,  Taiwan)
nd  sequenced  in  an  automated  DNA  sequencer  (Macrogen
nc.  Seoul,  South  Korea)  and  those  primers  used  in  second
ound  PCR.

The  consensus  sequences  of  each  sample  were  aligned
sing  the  CLUSTAL  W  software,  integrated  within  the  MEGA
oftware  version  6.  The  amino  acid  sequence  diversity  of  the
S5A  and  NS5B  genes  were  analyzed  using  geno2pheno  HCV
http://hcv.geno2pheno.org/index.php)  [23]. The  presence
f  previously  identified  NS5A  and  NS5B  resistant  associated
ubstitution  were  analyzed  between  positions  1-122  and
59-361  of  the  HCV-NS5A  and  HCV-NS5B  proteins  respec-
ively.

tatistical  Analysis

he  Chi2 and  Fisher  Exact  tests  were  used  with  the  SPSS  16
ackage  program  for  statistical  analysis  (Chicago,  IL,  USA).
ata  are  presented  as  mean  ±  SD  or,  when  indicated,  as  an
bsolute  number  and  percentage.

esults

 total  of  209  chronic  HCV  patients  were  enrolled  in  this
tudy,  including  104  HCV  mono-infected  (GT1a:  n  =  26,  GT1b:

 =  3,  GT3a:  n  =  75)  and  105  HCV/HIV  co-infected  (GT1a:
 =  23,  GT1b:  n  =  3,  GT3a:  n  =  79)  cases.  At  the  time  of  this
tudy,  none  of  the  enrolled  patients  had  been  treated  with
AAs.  All  cases  were  HBsAg  negative.

The  mean  age  of  HCV  mono-infected  patients  was
1.63  ±  10.82  years.  94.2%  of  cases  were  male  and  5.8%  were
emale.

The  mean  age  of  HCV/HIV  co-infected  cases  was
3.13  ±  7.65  years.  95.2%  of  patients  were  male  and  4.8%
ere  female.  The  mean  CD4  count  of  HIV  subjects  was
09.9  ±  293.38  cells/mm3.  The  most  common  routes  of  HIV
ransmission  were  intravenous  drug  use  (71.6%),  heterosex-
al  contact  (4.9%)  and  infected  blood  and  blood  products
ransfusion  (2.9%).  All  of  the  patients  received  highly  active
ntiretroviral  therapy  (HAART)  and  thus  has  a  good  immune
rofile.

The  analysis  of  substitutions  in  the  NS5A  protein  was
erformed  on  177  patients  (94  HCV  mono-infected  and  83
CV/HIV  co-infected  cases)  because  32  samples  showed  low
uality  sequences  due  to  poor  amplification.  We  failed  to
mplify  the  NS5B  region  in  48  patients  due  to  low  viral  load,

o  this  region  was  analyzed  in  76  HCV  mono-infected  and  85
CV/HIV  co-infected  cases.

The  HCV  sequences  used  in  this  study  were  deposited  in
enBank  under  accession  numbers  MH562114-MH562322.

http://hcv.geno2pheno.org/index.php
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Table  1  Amino  acid  substitutions  in  NS5A  region  potentially  associated  with  resistance  to  DAAs  in  HCV  and  HCV/HIV  infected
patients.

Amino  acid  residues  HCV  mono-infected  patients  (n  =  94)  HCV/HIV  co-infected  patients  (n  =  83)

GT1a
(n  =  22)

GT1b
(n  =  3)

GT3a
(n  =  69)

GT1a
(n  =  24)

GT1b
(n  =  7)

GT3a
(n  =  52)

L28  —  M  (a2,
66.7%)

—  —  M  (1,
14.3%)

—

M28 V  (1,  4.5%) —  —  V  (1,  4.2%)
T  (1,  4.2%)
L  (1,  4.2%)

—  —

Q30 H  (1,  4.5%)  —  —  R  (2,  8.4%)  —  —
A30 P  (2,  9%)  —  V  (2,  3%)

I  (1,  1.5%)
M  (1,  1.5%)
S  (1,  1.5%)
P  (1,  1.5%)
T  (1,  1.5%)

—  —  S  (1,  1.9%)

L31 -  —  P  (1,  1.5%)
I  (1,  1.5%)

—  —  —

H58 Y  (2,  9%)
P  (1,  4.5%)

—  —  —  —  —

P58 —  —  —  —  T  (1,  14.3%)  —
A92 —  E  (1,  33.3%)  —  —  —  —
Y93 Q  (1,  4.5%)  —  T  (3,  4.5%)

H  (1,  1.5%)
N  (1;  1.5%)
D  (1,  1.5%)
R  (1;  1.5%)
F  (1;  1.5%)
G  (1;  1.5%)
P  (1;  1.5%)
S  (1;  1.5%)
V  (1;  1.5%)

N  (1;  4.2%)  H  (1;
14.3%)

H  (3;  5.7%)
N  (1;  1.9%)
S  (1;  1.9%)
V  (1;  1.9%)

HCV: hepatitis C virus; HIV: human immunodeficiency virus; DAA: direct acting antivirals.
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Bold type represents the clinically relevant Resistance Associated
a Number and percentages of sequences with NS5A substitutions

Analysis of natural occurring RASs in NS5A
region of HCV

The  analysis  of  natural  occurring  RASs  in  NS5A  region  of
HCV  was  performed  in  177  patients  including  94  HCV  mono-
infected  and  83  HCV/HIV  co-infected  cases.  NS5A  naturally
resistance  associated  substitutions  were  analyzed  between
residues  1-122  in  which  mutations  conferring  resistance  to
the  NS5A  inhibitors  including  Daclatasvir  (DCV),  Elbasvir
(EBR),  Ledipasvir  (LDV),  Ombitasvir  (OBV),  Velpatasvir  (VEL)
and  Pibrentasvir  (PIB).  Major  sites  associated  with  resis-
tance  to  NS5A  inhibitors  including  M28A/T/V,  L28M/T,  Q30
E/H/R/K,  L31M/V/F,  P58  S/A/L/T/H/D/P,  H58  D/P  and  Y93
C/H/N  were  analyzed.  Amino  acid  substitutions  in  NS5A
region  potentially  associated  with  resistance  to  DAAs  in  HCV
and  HCV/HIV  infected  patients  is  shown  in  Table  1.

Overall,  naturally  occurring  NS5A  RASs  were  detected

in  21.5%  (38/177)  of  the  amplified  NS5A  region  sequences
[21.7%  (10/46)  of  GT1a,  40%  (4/10)  of  GT1b  and  19.8%
(24/121)  of  GT3a  infected  patients].  Clinically  relevant  NS5A
RASs  were  seen  in  11%  (5/46),  40%  (4/10)  and  5%  (6/121)  of

n

R
f

titutions.

T1a,  GT1b  and  GT3a  infected  cases  respectively.  The  most
ommonly  detected  clinically  relevant  NS5A  RASs  in  GT1a
ere  Q30H/R  and  M28V/T  each  with  the  baseline  prevalence
f  6.5%,  L28M  in  GT1b  with  baseline  prevalence  of  30%  and
93H/N  in  GT3a  with  prevalence  of  3.3%.

NS5A  RASs  were  seen  in  25.5%  (24/94)  of  HCV  mono-
nfected  and  16.9%  (14/83)  of  HCV/HIV  co-infected  cases.
here  was  no  significant  difference  between  the  two  groups
egarding  the  frequency  of  NS5A  naturally  occurring  RASs  (P-
alue  =  0.16).  Frequency  of  HCV  NS5A  naturally  resistance
ssociated  substitutions  in  HCV  and  HCV/HIV  patients  based
n  HCV  subtypes  were  shown  in  Table  2.

S5A RASs in HCV mono-infected patients

 total  of  25.5%  (24/94)  of  HCV  mono-infected  patients
22.7%  of  GT1a,  66.7%  of  GT1b,  24.6%  of  GT3a)  showed

atural  occurring  RASs  in  NS5A  region  (Table  2).

The  most  commonly  detected  clinically  relevant  NS5A
ASs  were  L28M  (GT1b)  with  a  baseline  prevalence  of  66.7%,
ollowed  by  M28V  and  Q30H  (both  in  GT1a,  each  with
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Table  2  Frequency  of  HCV  NS5A  naturally  occurring  Resistance  Associated  Substitutions  (RASs)  in  HCV  and  HCV/HIV  patients
based on  HCV  subtypes.

HCV  subtypes  NS5A  RASs  in  HCV  mono-infected  patients  NS5A  RASs  in  HCV/HIV  co-infected  patients  P-value

1a  5/22(22.7%)  5/24(20.8%)  0.87
1b 2/3(66.7%)  2/7(28.6%)  0.67
3a 17/69(24.6%)  7/52  (13.5%)  0.12
Total 24/94  (25.5%)  14/83(16.9%)  0.16

HCV: hepatitis C virus; HIV: human immunodeficiency virus; RASs: resistance associated substitutions.

Table  3  Frequency  of  HCV  NS5B  naturally  occurring  Resistance  Associated  Substitutions  (RASs)  in  HCV  and  HCV/HIV  patients
based on  HCV  subtypes.

HCV  subtypes  NS5B  RASs  in  HCV  mono-infected  patients  NS5B  RASs  in  HCV/HIV  co-infected  patients  P-value

1a  3/10(30%)  1/22(4.5%)  0.15
1b 1/3(33.3%)  0/7(0%)  0.64
3a 5/63(7.9%)  4/56(7.1%)  1.00
Total 9/76(11.8%)  5/85(5.9%)  0.18
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HCV: hepatitis C virus; HIV: human immunodeficiency virus; RASs:

revalence  4.5%)  and  Y93H/N  (in  GT3a  each  with  baseline
revalence  of  1.5%).  Clinically  relevant  RASs  were  detected
n  9.1%,  66.7%  and  3%  of  GT1a,  GT1b  and  GT3a  infected  cases
espectively.  We  also  found  some  other  substitutions  in  NS5A
egion  with  limited  clinical  significance  (Table  1).

Multiple  amino  acid  substitutions  in  HCV  mono-infected
atients  were  observed  at  a  frequency  of  7.4%  (7/94)  in
S5A  sequences  including  L28M  +  A92E  in  GT1b,  Q30H  +  M58Y
nd  A30P  +  Y93Q  in  GT1a,  Y93D  +  Y93F,  A30P  +  Y93  T  and
30M  +  L31I  +  Y93T  in  GT3a.

S5A RASs in HCV/HIV co-infected patients

he  natural  occurring  NS5A  RASs  frequency  in  HCV/HIV  co-
nfected  patients  was  16.9%  (14/83)  (20.8%  of  GT1a,  28.6%
f  GT1b,  13.5%  of  GT3a)  (Table  2).

Clinically  relevant  detected  RASs  were  Y93H/N  (in  GT1a,
b  and  3a)  with  a  baseline  prevalence  of  26.1%  (4.2%  of
T1a,  14.3%  of  GT1b  and  7.6%  of  GT3a)  followed  by  L28M
nd  P58T  in  GT1b,  each  in  14.3%  of  subjects  and  M28V/T  and
30R  in  GT1a  that  both  were  detected  in  8.4%  of  cases.  Clin-

cally  relevant  RASs  were  detected  in  21%,  42.9%  and  7.6%  of
T1a,  GT1b  and  GT3a  infected  cases  respectively.  We  also
howed  some  other  substitutions  in  NS5A  region  with  limited
linical  significance  (Table  1).

In  HCV/HIV  co-infected  patients,  multiple  amino  acid
ubstitutions  were  detected  with  a  low  frequency  of  2.4%
2/83)  which  detected  in  one  GT1a  (M28V  +  Q30R)  and  one
T1b  (Y93H  +  P58T)  infected  patients.

nalysis of natural occurring RASs in NS5B
egion of HCV
atural  occurring  RASs  in  NS5B  region  of  HCV  were  analyzed
n  76  HCV  mono-infected  and  85  HCV/HIV  co-infected  cases.
S5B  naturally  resistant  associated  substitutions  were  ana-

yzed  between  residues  159—361.  Because  Sofosbuvir  (SOF)

H
S
o
i

tance associated substitutions.

s  the  predominant  available  NS5B  polymerase  inhibitor
Nucleoside/nucleotide  inhibitors  (NI)]  in  Iran,  we  mainly
nvestigated  the  positions  which  associated  to  resistance  to
OF  and  other  positions  such  as  368,  411,  414,  448,  553,  554
nd  556  which  are  related  to  resistance  to  another  NS5B
olymerase  inhibitor,  Dasabuvir  [non-nucleoside  inhibitor
NNI)],  not  fully  covered  in  this  study.

Natural  occurrence  of  RASs  was  detected  in  both  HCV
nd  HCV/HIV  co-infected  patients.  Naturally,  occurring  NS5B
ASs  were  detected  in  8.7%  (14/161)  of  the  amplified  NS5B
egion  sequences.  RASs  were  seen  in  12.5%  (4/32)  of  GT1a,
0%  (1/10)  of  GT1b  and  7.6%  (9/119)  of  GT3a  infected
atients.

NS5B  RASs  were  observed  in  11.8%  (9/76)  of  HCV  and  5.9%
5/85)  of  HCV/HIV  subjects.  There  was  no  significant  differ-
nce  between  two  groups  regarding  the  frequency  of  natural
ccurring  RASs  in  NS5B  region  of  HCV  (P-value  =  0.18).

In  HCV  mono-infected  cases  RASs  were  detected  in  30%
f  GT1a,  33.3%  of  GT1b  and  7.9%  of  GT3a.  In  HCV/HIV
o-infected  cases  RASs  were  observed  in  4.5%,  0%  and
.1%  of  GT1a,  1b  and  3a  respectively.  Frequency  of  HCV
S5B  naturally  resistance  associated  substitutions  in  HCV
nd  HCV/HIV  patients  based  on  HCV  subtypes  were  shown
n  Table  3.

Amino  acid  substitutions  in  NS5B  region  potentially  asso-
iated  with  resistance  to  DAAs  in  HCV  and  HCV/HIV  infected
atients  is  shown  in  Table  4.  The  most  common  detected
utations  were  V321A/I/H/L/S  in  both  HCV  mono  and  co-

nfected  groups  followed  by  C316L/Y/G,  S282  R/N  and
159F/P.

The  major  S282T  mutation  inducing  a  high  level  resis-
ance  to  SOF  as  well  as  other  reported  mutation  which  is
linically  important  in  resistance  to  SOF  (L320F/C)  was  not
etected.  Whereas,  the  polymorphisms  V321A/I  (in  1.6%  of

CV  infected  and  3.6%  of  HCV/HIV  co-infected  patients),
282R  (in  1.6%  of  HCV  infected  cases)  and  L159  F  (in  33.3%
f  HCV  infected  subjects)  that  cause  reduced  susceptibil-
ty  to  SOF  were  found.  C316Y  substitution  which  causes



RASSs  in  HCV  and  HCV/HIV  patients  599

Table  4  Amino  acid  substitutions  in  NS5B  region  potentially  associated  with  resistance  to  DAAs  in  HCV  and  HCV/HIV  infected
patients.

Amino  acid  HCV  esidues  HCV  mono-infected  patients  (n  =  76)  HCV/HIV  co-infected  patients  (n  =  85)

GT1a
(n  =  10)

GT1b
(n  =  3)

GT3a
(n  =  63)

GT1a
(n  =  22)

GT1b
(n  =  7)

GT3a
(n  =  56)

V321  —  —  A  (a1,  1.6%)
T  (2;  3.2%)
S  (1;  1.6%)

—  —  A  (1;  1.8%)
I  (1,  1.8%)
H  (1;  1.8%)
L  (1;  1.8%)

S282 N  (1;  10%)  —  R  (1;  1.6%)  —  —  —
C316 Y  (1;  10%)

G  (1;  10%)
—  —  L  (1;  4.5%)  —  —

L159 P  (1;  10%)  F  (1;  33.3%)  —  —  —  —

HCV: hepatitis C virus; HIV: human immunodeficiency virus; DAA: direct acting antivirals.
stitut
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Bold type represents clinically relevant Resistance Associated Sub
a Number and percentages of sequences with NS5B substitutions

resistance  to  Dasabuvir  was  also  detected  in  one  HCV  GT1a
mono-infected  patient.

Double  mutation  (C316Y/L159P) was  observed  in  one
HCV-1a  mono-infected  subject.  In  one  HCV-3a  infected
patient,  both  NS5A  and  NS5B  mutations  were  seen
(Y93S  +  V321A).

Discussion

To  our  knowledge,  this  study  is  the  first  study,  which  eval-
uated  naturally  occurring  NS5A  and  NS5B  RASs  in  DAA-naive
chronic  HCV  patients  with  or  without  HIV  co-infection  in
Iranian  population.

With  introducing  DAAs  in  HCV  treatment,  the  potential
impact  of  natural  occurring  RASs  on  HCV  treatment  out-
come  is  identified  and  current  American  Association  for  the
Study  of  Liver  Diseases  (AASLD)/  Infectious  Diseases  Society
of  America  (IDSA)  HCV  treatment  guideline  includes  specific
recommendations  for  evaluation  of  natural  occurring  RASs  in
clinical  practice  in  order  to  choose  an  appropriate  regimen
[13].

Current  data  have  shown  that  HCV/HIV  co-infection  has
no  effect  on  the  outcome  and  course  of  HCV  treatment.  Indi-
cation  of  therapy,  choice  of  medication,  management  and
follow-up  of  patients  are  the  same  for  HCV  and  HCV/HIV
co-infected  cases.  However,  careful  evaluation  of  interac-
tions  between  DAAs  and  HIV  antiretroviral  drugs  should  be
considered  before  starting  any  treatment  [5,27].  Our  find-
ings  also  showed  no  significant  difference  between  HCV
mono-infected  and  HCV/HIV  co-  infected  cases  regarding
the  frequency  of  naturally  occurring  NS5A  and  NS5B  RASs.
Our  results  also  showed  that  the  presence  of  HIV  had  no
influence  on  RAS  selection.

Overall,  NS5A  is  the  most  important  genomic  region  con-
sidered  for  the  screening  of  naturally  occurring  RASs  [28].
Recent  studies  have  demonstrated  that  the  prevalence  of
naturally  occurring  RASs  in  HCV  infected  patients  range  from

1%—80%,  which  results  to  decrease  in  SVR  rates  between  1%
and  50%  [29].  In  our  investigation,  the  overall  NS5A  RASs  fre-
quency  was  21.5%  which  is  in  agreement  with  the  published
range  in  different  studies  [12,30,31].

a
F
p
P

ions.

The  prevalence  of  NS5A  RASs  is  dependent  on  viral
enotype/subtype,  geographic  origin  and  population  charac-
eristics  [32]. NS5A  RAS  have  an  important  effect  on  patient
esponse  to  treatment,  especially  in  those  infected  with
CV-GT1a  and  HCV-GT3a  [13,26].  We  found  naturally  occur-
ing  NS5A  RASs  in  40%,  21.7%  and  19.8%  of  GT1b,  GT1a
nd  GT3a  DAA  naïve  HCV  patients  respectively.  Sarrazin  and
ietz  et  al.  also  reported  a  higher  prevalence  of  naturally
ccurring  NS5A  RASs  in  GT1b  than  GT1a  infected  cases  with
ercentages  of  25%  and  17.6%  vs.  13%  and  7.1%  in  each  study
espectively  [32,33].  Paolucci  et  al.  [34]  also  showed  that
S5A  RASs  were  more  frequent  in  GT1b  cases  than  GT1a
53.3%  vs.  12.5%).  In  different  studies,  natural  NS5A  RASs
ere  reported  in  7.5%—23%  of  GT3  infected  subjects  [33,34].
hese  differences  can  be  due  to  difference  in  geographic
reas  and  studying  population  characteristics.  Besides,  the
igher  frequency  of  NS5A  RAS  in  GT1b  infected  cases  in  our
urvey  may  be  due  to  the  low  number  of  GT1b  infected  cases
ompared  to  GT1a  and  GT3a  patients  in  this  study  (due  to
ower  frequency  of  GT1b  in  our  country),  so  it  is  not  possible
o  make  a  definitive  comparison  of  the  NS5A  RAS  between
ubtypes.

In  our  survey,  the  most  commonly  detected  clini-
ally  relevant  NS5A  RASs  were  Q30  H/R  and  M28  V/T  in
T1a  (6.5%),  L28  M  in  GT1b  (30%)  and  Y93  H/N  in  GT3a

3.3%)  infected  cases.  GT1a  Q30  H/R  and  M28  T  vari-
nts  show  intermediate  to  high  resistant  to  Daclatasvir,
edipasvir,  Elbasvir  and  Ombitasvir  and  intermediate  to
ow  resistance  to  Pibrentasvir  and  Velpatasvir  (Q30H  was
lso  low  level  resistant  to  Ombitasvir)  and  M28  V  variant
how  high  level  resistance  to  Ombitasvir  and  intermedi-
te  resistance  to  Ledipasvir  and  Velpatasvir.  GT1b  L28  M
ariant  was  low  resistant  variant.  GT3a  Y93  H/N  variants
onfer  high  level  resistance  to  Daclatasvir  and  Velpatasvir
29].

Several  studies  reported  that  the  majority  of  GT1a  NS5A
ASs  are  at  positions  M28  T/V,  Q30  H/E/R/K,  L31  M/V,  P32L

nd  Y93  C/H/N  which  act  as  primary  resistance  variations.
or  GT1b,  variants  L31F/M/V,  P32L  and  Y93  C/H/N  act  as
rimary  resistance  substitutions,  and  L28M, L23F, R30Q  and
58S  act  as  secondary  resistance  mutations  [34,36,37,38]
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[2] Karbalaie Niya MH, Salman-Tabar S, Bokharaei-Salim F, Key-
vani H. Prevalence of resistant associated variants (RAVs) in the
00  

hich  are  in  accordance  to  our  results.  In  contrast  to
ur  findings,  a  recent  study  in  Uruguayan  genotype  1  HCV
nfected  cases,  did  not  find  M28T/V,  Q30  R/H  or  Y93H
ubstitutions  reported  in  our  survey  and  worldwide  [39].
esides,  we  found  the  amino  acid  substitution  P58T  in  a
T1b  HCV/HIV  co-infected  patient.  While  this  substitution
lone  confers  minimal  resistance  to  some  NS5A  inhibitors,  it
an  increase  viral  resistance  to  NS5A  inhibitors  in  combina-
ion  with  other  NS5A  RASs  such  as  Y93H  [35].

Multiple  amino  acid  substitutions  were  detected  in  7.4%
nd  2.4%  of  HCV  mono-infected  and  co-infected  cases
espectively.  Zeuzem  et  al.  [35]  reported  that  multiple
S5A  RASs  confer  high  levels  of  resistance  compared  to
ingle  RAS,  but  the  clinical  importance  of  this  finding  is
ariable  because  the  impact  of  NS5A  RASs  to  any  DAA  is
ultifactorial.  It  seems  that  combination  of  (Y93H  +  P58T),

M28V  +  Q30R)  and  (Q30H  +  H58Y)  have  some  clinical  signifi-
ance.

Regarding  NS5B,  in  this  investigation,  naturally  occur-
ing  RASs  were  detected  in  8.7%  of  the  amplified  NS5B
egion  sequences  which  is  comparable  to  previous  reports
30].  Sofosbuvir  is  a  potent  inhibitor  of  the  HCV  NS5B
olymerase  with  a  high  genetic  barrier  to  resistance,  so
mergence  of  RASs  is  rare  in  patients  who  treated  with
S5B  included  regimens.  Dasabuvir,  however,  shows  a  low
enetic  barrier  to  resistance  since  the  associated  C316N/Y
utation  tends  to  achieve  a  naturally  occurring  prevalence

f  10%—36%  in  HCV  infected  patients  with  Dasabuvir  in
heir  regimen  [12,28,40].The  most  common  detected  RAS
n  SOF  treated  patients  were  V321A/I,  L159F,  C316N/Y/R
nd  L320F  [28,35,41].  The  S282T  variant  was  initially  asso-
iated  with  resistance  in  vitro  [42]  but  it  was  not  reported
n  recently  published  in  patients’  clinical  trials  [43]. In  this
tudy,  the  major  S282T  mutation  as  well  as  other  reported
utation,  which  is  clinically  important  in  resistance  to  SOF

ike  L320F/C,  was  not  detected.  This  result  is  in  agree-
ent  with  previous  studies  from  Iran  and  other  countries

44,45,46].
In  a  study  carried  out  by  the  FDA  Division  of  Antiviral

roducts,  the  NS5B  L159F  mutant  (especially  in  combi-
ation  with  L320F  or  C316N/Y)  and  V321A/I  emerged  in
.2—4.4%  of  subjects  who  failed  SOF  treatment.  In  this  study,
he  L159F  variant  was  detected  in  a  33.3%  of  HCV  GT1b
ono-infected  patients.  NS5B  sequences  from  HCV  infected
atients  showed  a  prevalence  of  up  to  34%  for  the  L159F
utation  in  GT1b  infected  patients  [40].  Also,  V321A/I  Sub-

titution  were  detected  in  one  GT3a  HCV  mono-infected
1.6%)  and  in  two  GT3a  HCV/HIV  co-infected  (3.6%)  cases.
ouble  mutation  (C316Y/L159P) was  observed  in  one  HCV-
a  mono-infected  subject.  Dual-class  RAS  (Y93S  +  V321A)  in
ne  GT3a  HCV/HIV  co-infected  patient  were  seen.  It  was
eported  that  10%  of  patients  harbored  RASs  in  2  or  more
rug  classes,  with  NS3/NS5A  dual-class  RAS  being  the  most
ommon,  followed  by  NS3/NS5B  RASs  and  NS5A/NS5B  RASs
30].

There  are  several  limitations  in  this  study.  First,  the
umber  of  GT1b  patients  was  limited,  which  may  have  led
o  relatively  high  prevalence  of  mutants  in  this  subtype.
econd,  some  NS5A  and  NS5B  genes  were  unsuccessfully
mplified.  Third,  Sanger  sequencing,  not  Next-Generation

equencing  (NGS)  was  used  in  this  study,  which  has  ability
o  investigate  the  prevalence  of  <  20%  of  Substitution.
A.  Ramezani  et  al.

onclusion

o  our  knowledge,  this  study  is  the  first  study,  which  eval-
ated  naturally  occurring  NS5A  and  NS5B  RASs  in  DAA-naive
hronic  HCV  patients  with  or  without  HIV  co-infection  in
ranian  population.  Overall,  naturally  occurring  NS5A  and
S5B  RASs  were  detected  in  21.5%  and  8.7%  of  our  cases.
here  was  not  any  significant  difference  between  HCV  mono-

nfected  and  HCV/HIV  co-  infected  cases  regarding  the
requency  of  naturally  occurring  NS5A  and  NS5B  RASs.  The
mergence  of  RAS  is  a  growing  issue  in  the  setting  of  current
reatment  with  DAAs.  Although  currently,  screening  of  RAS
s  recommended  before  specific  DAA  regimens,  it  should  be
onsider  in  patients  with  therapeutic  failure  and  in  the  cases
f  retreatment.  In  the  other  hand  screening  of  naturally
ccurring  RASs  may  be  useful  as  a  strategy  to  overcome  drug
esistance  in  some  cases  and  minimize  the  risk  of  treatment
ailure.
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