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Abstract

Introduction. Altai Krai is a region with an unfavorable situation of HIV-1 and HCV infection, as well as HIV-1 and
HCV coinfection. Due to this, it is necessary to study the HCV genetic variants and their drug resistance (DR) to
direct-acting antivirals (DAAs) in patients with HIV-1 and HCV coinfection.

Aim of the study. The analysis of HCV genome fragments encoding NS5A and NS5B proteins in samples obtained
from treatment-naive residents of Altai Krai with newly diagnosed HIV and HCV co-infection to determine the ge-
netic variant of HCV and genetic features of the virus associated with its sensitivity to NS5A and NS5B inhibitors.
Materials and methods. Blood plasma samples (n = 286) collected in 2022—-2023 from HIV-infected individuals
were analyzed for HCV markers. The HCV RNA concentration was measured, nucleotide sequences of NS5A and
NS5B and Core (for HCV 2k/1b samples) fragments were obtained, the subtype was determined, and DR and
polymorphic positions were analyzed.

Results. Antibodies to HCV were detected in 94/286 (32.86%) samples, sequences were obtained from 52 sam-
ples. Subtypes 3a, 1b, recombinant form 2k/1b and subtype 1a were found in 28 (53.85%), 17 (32.69%), 5 (9.62%)
and one (1.92%) samples, respectively. One sample harbored HCV 1b + 3a mix-infection. Reduced sensitivity
(5.66%) and complete resistance (9.43%) to the NS5A inhibitor daclatasvir were most often detected. Certain gene
polymorphisms were identified in the sequences.

Conclusion. Our results may indirectly indicate the increasing proportion of the HCV subtype 3a in the hepatitis C
epidemic in the Altai Territory. Our data on DR and polymorphisms should be taken into account in antiviral therapy
of patients.
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AHanus reHeTM4YECKMX NoNnMMopcn3mMoB U Mmytauum
nekapcTtBeHHou yctonunBocTtu B obrnactu NS5 reHoma BI'C
(Flasuviricetes: Amarillovirales: Flaviviridae: Hepacivirus C)
B ob6pasuax, nonyyeHHbIx ot BUY-nHcpuumpoBaHHbIX nuu
06e3 onbiTa Tepanun B Antauckom Kpae B 2022-2023 rr.
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Pestome

BBepneHune. Antanckuii Kpan B Te4eHne NocneaHmx NeT OTHOCUTCS K PpermoHy, Hebnaronony4HomMy no HEeKLMaM,
BbI3BaHHbLIM BMpycaMu ummyHogeduumuta Yenoseka (BUY) n renatuta C (BI'C). HanbonbLuyto onacHocTb npea-
craenseT komHdpekuma BUY-1 n BI'C. CywecTtByeT HeOOXOAMMOCTb OLEHKN reHeTndeckmx BapuaHtoB BIC n nx
nekapcTBeHHou yctonunsoctu (JIY) k npenapatam npsiMmoro npotusoBupycHoro aencteus (MMMNQ) y naumeHToB
¢ konHgekunen BUY-1 n BI'C.

Llenb nccnepoBaHus. OnpeneneHne reHetudeckoro BapuaHTa BI'C n reHeTnyecknx ocobeHHoCTeN BUpYyca, CBs-
3aHHbIX C €ro YyBCTBUTENBHOCTLIO K UHrMGuTopam NS5A 1 NS5B, B obpasuax, Nony4eHHbIX OT xuTenen Antam-
CKOro kpasi 6e3 onbiTa Tepanuu, ¢ HegaBHO BbisiBNeHHbIMU BUY-nHdekumen n komHdekunen BIC.

MaTtepuanbl 1 meToabl. Konnekumio 06pasLoB nnasmbl Kposu, cobpaHHyto B 2022-2023 rr. (n = 286) ot BUY-uk-
MLUMPOBaHHbIX NUL, NoABeEpranu aHanuay Ha Hanuuue mapkepoB BI'C. Onpegensinu koHueHTpaunio PHK BI'C
B 06pasuax, nony4anu HykneoTuaHble nocnegoBaTenbHOCTH (cukBeHebl) hparmeHToB NS5A 1 NS5B n Core (gns
obpasuos BI'C 2k/1b), onpegensanu cy6Tvn n npoBogunu aHanus J1Y n nonumopgHbIX NO3ULLUIA.

Pesynbratbl. AHTMTENa k BI'C 6binu BoisiBneHsl B 94/286 (32,86%) obpasuax, ansa 52 obpasuos 6binv nony-
YyeHbl cukBeHcbl. K cybtunam 3a, 1b, pekombuHaHTHOM chopme 2k/1b n cybtuny 1a otHocunuch 28 (53,85%),
17 (32,69%), 5 (9,62%) n oaunH (1,92%) obpaseu. Ewe ognH obpasel, cogepxan Mukc-nHdekumio BIC 1b + 3a.
Yalle BCero CHKeHHasi YyBCTBMTEMbHOCTL M MOMHAs YCTOMYMBOCTbL BbIABNANMCE K MHrMoutopy NSS5A paknara-
ceupy: y 5,66 n 9,43% BI'C cootBeTcTBEeHHO. Kpome Toro, B cukBeHcax 6bin BbiSBNEH psg NoNMMopgr3MoB.
3akntouyeHue. [onyyeHHble pesynsTaTbl MOryT KOCBEHHO CBUAETENLCTBOBATL 06 yBenuyeHun gonu BI'C cybtuna
3a B anugemwum renatuta C B ANTanckom Kpae, T.K. KacalTCsl NMULLb NauneHTOB C HeJaBHO BbisiBNEHHOW BUY-nH-
dekumen n kouHdekumen BIC. [aHHble O BbISBNEHHbIX MyTaUMAX WU FEHETUYECKUX Nonumopduamax AOIKHbI
ObITb YYTEHbI NPU Ha3HaYeHun cneumnduryeckon Tepanum naumeHTam.

KnioueBble cnoBa: BUY-1; BIC; kouHgekyusi, eeHomunuposaHue; cybmun; NS5A; NS5B; nekapcmeeHHas
ycmou4usocms
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®uHaHcHMpoBaHue. ABTOPbI 3asIBMSIOT 06 OTCYTCTBUM BHELLHEro (hHaHCUPOBaHWUS NMpY NPOBEAEHWUM UCCNEA0BAHNS.
KoHdnukT nHTepecoB. ABTOPbI AEKNAPUPYIOT OTCYTCTBME SIBHbIX M NOTEHUMarnbHbIX KOH(MMMKTOB MHTEPECOB, CBA3aAH-
HbIX C NyBrnMkauuern HacTosLLel cTaTbi.

JTnUyeckoe yTBepxaeHne. ViccnegosaHme NpoBoAUIOCh Npu 4O6POBONEHOM MHGOPMUPOBAHHOM COTflacum
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Introduction

By the early 2020s, chronic hepatitis C virus (HCV) in-
fection had been detected in more than 70 million people
worldwide, and about 15 million people in Europe [1].
According to the World Health Organization (WHO),
in 2022, approximately 242,000 people worldwide lost
their lives to the consequences of HCV infection!.

The problem of the spread of such infections as HCV
and human immunodeficiency virus (HIV-1) is severe
both in Russia as a whole and in certain regions of the
country. In recent years, Altai Krai has been classi-
fied as an HIV-unfavorable region. Thus, the incidence
of HIV infection in the period 2020-2023 did not fall
below 61 cases per 100 thousand population, reach-
ing a record high of 72.42 cases per 100 thousand pop-
ulation in 2023 (Fig. 1)>*4°. At the same time, more
than 65% of HIV-infected persons detected in Altai Krai
from 1990 to 2023 were over 30 years old, i.e. belonged
to the socially and economically active population®.

The established insignificant decrease in the incidence
of hepatitis C and HIV infection in Altai Krai in 2021—
2022 is probably related to the COVID-19 epidemic, in
which the self-isolation regime did not allow effective de-
tection of new HIV-1 and HCV infections. In Europe as a
whole, there was a decrease in the incidence of HCV infec-
tion in 2020-2021: from 6.6 cases per 100,000 population
in 2019 to 4.7 per 100,000 population by 2021. However,
this rate once again increased to 6.5 per 100,000 popula-
tion in 2022 [1]. Thus, and in Altai Krai, an increase in the
incidence of acute and chronic hepatitis C was registered
in 2023: up to 1.78 and 37.92 per 100 thousand popula-
tion, respectively (Fig. 1).

The complexity of HIV-1 and HCV (HIV-1/HCV)
co-infection is due to the fact that both infections can ex-
acerbate the course of one another. Curing the HIV infec-
tion, with the exception of certain unique cases, is impos-
sible, requiring lifelong therapy. Regarding HCV infec-
tion, there are cases where acute hepatitis is eradicated
spontaneously, the frequency of which reaches, accord-
ing to certain data, 18-34% [2], according to other da-
ta— 15-45% [3]. In the remaining cases, chronic infection
develops, which can lead to liver cirrhosis, hepatocellular

'WHO. Hepatitis C. Available at: https://who.int/news-room/fact-
sheets/detail/hepatitis-c

2The State report «On the state of sanitary and epidemiological
welfare of the population in the Russian Federation in 2020».
Moscow; 2021.

3The State report «On the state of sanitary and epidemiological
welfare of the population in the Russian Federation in 2021».
Moscow; 2022.

‘The State report «On the state of sanitary and epidemiological
welfare of the population in the Russian Federation in 2022».
Moscow; 2023.

SThe State report «On the state of sanitary and epidemiological
welfare of the population in the Russian Federation in 2023».
Moscow; 2024.

Altai Regional Center for the Prevention and Control of AIDS and
Infectious Diseases. Available at: https://altaids22.ru
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carcinoma (HCC) and liver failure, which is especially
dangerous during antiretroviral therapy (ART) of HIV-1
[3, 4]. As a result, patients with HIV-1/HCV co-infection
are more than 5 times more likely to develop severe liver
disease compared to HCV mono-infection [5]. Co-infect-
ed patients have a 2-fold higher risk of developing liver
cirrhosis [6] compared to HCV mono-infected patients.
Finally, co-infected patients are more likely to develop
chronic kidney disease (by almost 50%) and acute renal
failure (by almost 64%) than patients with HIV infection
alone [7]. As a result, mortality in HCV/HIV-1 co-infec-
tion is higher than in mono-infection [3, 5].

Currently, 8 genotypes and more than 100 subtypes of
HCYV have been registered [8], but the number of known
subtypes of the virus is constantly increasing. HCV sub-
types 1b, la and 3a are the most frequently recorded
HCYV infections in Russia [4]. Subtype 1b is the dominant
variant. It accounted for about 55% of HCV infections
in Russia in 2016 [9]. As of November 1, 2024. 46.1%
and 36.2% of all nucleotide sequences of the HCV ge-
nome from Russia (n = 1593) uploaded to the internation-
al database of the Los Alamos Institute, USA (https://hcv.
lanl.gov/) belonged to subtypes 1b and 3a, respectively.

The distribution of HCV genotypes in Russia is het-
erogeneous. For example, a 2022 study analyzing HCV
in 35 regions of Russia showed that in the country as a
whole, HCV genotype 1 accounted for 53.6% of infec-
tions, and genotype 3 accounted for 35.4%. At the same
time, in the Far East of the country, 60 and 39% of HCV
infections were caused by virus of genotypes 1 and 3, re-
spectively; the ratio of these subtypes was 58%/35% in
the Central Federal District, 52%/41% in the Northwest-
ern Federal District, 53%/38% in the Southern Federal
District, 58%/34% in the North Caucasus Federal Dis-
trict, 59%/35% in the Volga Federal District, and 57%/35%
in the Ural Federal District. In the Siberian Federal Dis-
trict, which includes Altai Krai, HCV infection with gen-
otype 1 and 3 accounted for 50 and 43% of cases, respec-
tively [10].

In addition to the described HCV genotypes, the recom-
binant form 2k/1b, first described in 2002 in St. Peters-
burg, is also circulating in the country. It likely emerged
in the USSR in the period of 1923—-1956. The recombina-
tion point between 2k and 1b is located in the NS2 region
of the viral genome, thus all genome regions encoding
structural proteins of 2k/1b belong to the subtype 2k and
regions encoding non-structural proteins belong to sub-
type 1b [11, 12].

In 2016, the WHO program for the elimination of HCV
in the world by 2030 was developed. According to it,
measures should be taken to reduce the number of new
HCV cases by 90% and mortality by 65%. At the same
time, the percentage of detected HCV-infected persons
should reach 90%, and the percentage of cured persons —
up to 80% [1, 3].

"WHO. Global health sector strategy on viral hepatitis, 2016-2021:
towards ending viral hepatitis; 2016. Joctynso no: http://apps.who.
int/iris/bitstream/10665/246177/1/WHO-HIV-2016.06-eng.pdf
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Fig. 1. Incidence (per 100 thousand population) of acute, chronic hepatitis C and HIV infection in Altai Krai in 2020-2023.
Puc. 1. 3a6oneBaemocts (Ha 100 THIC. HaceneHus1) OcTpbIM, XpoHndeckuM remarutoM C u BUU-undekmmeit B Anraiickom kpae B 2020-2023 .

A therapy regimen including pegylated interferon
(peg-IFN) and ribavirin has been the standard of care for
chronic hepatitis C patients for many years [4]. However,
since 2011, direct-acting antivirals (DAAs) aimed at in-
hibiting viral non-structural proteins NS3/4A (a protein
combining the functions of protease and helicase), NSSA
(a multifunctional protein involved in viral replication
and assembly) and NS5B (RNA-dependent RNA poly-
merase) have been used to treat HCV infection [2—4]. The
use of DAAs has achieved sustained virologic success in
more than 90% of chronic hepatitis C therapies while re-
ducing the duration of treatment to 12 weeks [3, 9, 13].

Despite the fact that pangenotypic DAAs universal for
all HCV variants dominating in the world have been in-
troduced into clinical practice [8], the determination of
the virus genotype remains an urgent task. HCV genotype
determines both the course of infection and the strategy
of HCV infection therapy. Thus, subtype 1b is less sensi-
tive to interferon-based drugs; therefore, the use of DAAs
is recommended for HCV 1b therapy [9]. Moreover, on-
ly 50% of cases when peg-IFN-a and ribavirin were used
to treat HCV genotypes 1 and 4 resulted in sustained vi-
rologic success, while side effects of such therapy were
observed in at least 10% of patients. HCV subtype 3a is
sensitive to interferon therapy, and HCV subtype 1la is
more likely to develop drug resistance (DR) to DAAs
than HCV subtype 1b [3].

Before the introduction of DAAs into widespread prac-
tice, the treatment of HCV infection caused by the 2k/1b
genetic variant remained a separate problem. Upon be-
ing incorrectly genotyped as a genotype 2 virus, peg-IFN
and ribavirin-based therapy, to which 2k/1b has a reduced
sensitivity, as does subtype 1b virus, could be prescribed
for treatment of the patient [11]. Although current HCV
treatment recommendations do not include this regimen,
there is a necessity to adequately differentiate 2k/1b from
other viral variants when investigating the genetic diver-
sity and epidemiology of HCV.

The widespread use of DAAs inevitably leads to the
problem of DR, including transmissible resistance, i.e.,
viral resistance in patients without experience with ther-
apy. A 2022 study in the North Caucasus Federal District

showed that 5/42 (12%) patients without therapy ex-
perience had HCV with mutations to at least one DAA
drug [4]. At the same time, different HCV genotypes, as a
rule, differ in the frequency of occurrence of certain DR
mutations.

The most significant from the clinical point of view is
DR to NSS5A protein inhibitors, since it is the target of
first-line therapy drugs [9]. Nucleotide substitutions in at
least 12 positions of NS5A associated with resistance to
inhibitors of this protein are well known [2]. The most
important and frequently encountered in the world are
substitutions in positions 28, 30, 31 and 93 [14]. It is al-
so the same case for Russia. A 2018 study showed that
among HCV subtype 1b variants circulating in Moscow
in 2008-2014, DR to NS5A inhibitors was found with
a frequency of more than 22%, with the most frequent-
ly detected substitutions R30Q, L31M and Y93H in
the NS5A protein [9]. The presence of combinations of
L31F + Y93H or Y93H + A62S/T + A30K substitutions
may be a prognostic sign of ineffectiveness of daclatasvir
therapy in HCV genotype 3 [13, 14]. And the presence
of S98G + Y93H combination in NS5A can double the
resistance of genotype 3 HCV to daclatasvir compared to
HCV containing only Y93H [15]. Meanwhile, the failure
of therapy with NS5A inhibitors has also been observed
in patients with HCV infection and combination of S98G
mutation with A30K or A62T substitution [4, 15].

The combined use of NS5A inhibitors together with
NS5B inhibitors has proved to be excellent. For exam-
ple, concomitant use of NS5A inhibitors daclatasvir or
velpatasvir together with NS5B inhibitor sofosbuvir is
included in the Hepatitis C Control Program in Pakistan,
the country with the second highest HCV prevalence in
the world [13].

There are 24 known mutations of HCV resistance to
NS5B inhibitors [2]. Analysis of HCV NS5B fragment
from Russian patients from the Northwestern Federal Dis-
trict with newly diagnosed HIV infection in 2020 showed
that the D310N substitution (an unfavorable marker of
HCYV infection progression to liver pathology) was rare-
ly detected among HCV subtype 3a samples, and the
C316N substitution associated with low-level resistance
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to tegobuvir was detected among almost 30% of sub-
type 1b viruses [3]. The E237G substitution can reduce
sensitivity to various NS5B inhibitors [4].

In addition, a number of NS5B polymorphisms have
been described whose presence is not investigated in the
evaluation of DR, but which have the potential to influ-
ence the efficacy of therapy. A polymorphism of a genetic
variant is defined as a substitution at a position in the ge-
nome (compared to a reference sequence) that is common
in more than 1% of samples of that variant. The combi-
nation of D148N + 1363V, A150V + 1363V and T227S +
S183P NS5B polymorphisms can reduce the sensitivity of
subtype 3a virus to ribavirin by 1.3—1.6 times [16], while
the A150V substitution in HCV genotype 3 can reduce
the sensitivity to interferon-a by more than 12 times [17].

The aim of the study was the analysis of HCV genome
fragments encoding NS5A and NS5B proteins in samples
obtained from treatment-naive residents of Altai Krai
with newly diagnosed HIV and HCV co-infection to de-
termine the genetic variant of HCV and genetic features
of the virus associated with its sensitivity to NS5A and
NS5B inhibitors.

Materials and methods

In 2022-2023, a collection of blood plasma samples
from AIDS Center patients with newly diagnosed HIV
infection without experience of specific antiviral therapy
was collected at the Altai Krai Center for the Prevention
and Control of AIDS and Infectious Diseases (AIDS Cen-
ter) as part of routine analysis of HIV-1 and HCV infec-
tion.

The study was approved by the Ethics Committee of
the Central Research Institute of Epidemiology (protocol
No. 93 0f 18.06.2019).

The presence of antibodies to HCV (anti-HCV) was
determined by enzyme immunoassay using the commer-
cially available «Best anti-HCV» kit (Vector Best, Novo-
sibirsk, Russia).

HCV RNA concentration (viral load, VL) in blood
plasma samples was measured using the AmpliSens
HCV-Monitor-FL reagent kit (Central Research Institute
of Epidemiology, Moscow, Russia).

Subsequent RNA extraction, amplification and
sequencing of NS5A (1 to 117 amino acids) and NS5B
fragments (148 to 556 amino acids) were performed
using the AmpliSens HCV-Resist-Seq reagent kit (Central
Research Institute of Epidemiology, Moscow, Russia)
and the Applied Biosystems 3500 genetic analyzer
(LifeTechnologies, USA).

For the obtained nucleotide sequences, we determined
the genetic variant of HCV and DR using the HCVBlast
online tool of the information resource of the Los Alamos
Institute (USA) [18] and the geno2pheno[HCV] online
tool of the information portal of the Genophore non-profit
scientific society [19]. Interpretation of the degree of
DR was performed using the geno2pheno[HCV] online
tool: the virus is resistant (in the case of the presence of
a well-characterized mutation associated with DR) or
has a reduced sensitivity (in the case of the presence of
a mutation presumed to be associated with resistance but
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for which insufficient evidence of clinical outcome has
been collected) [19].

For samples assigned to the recombinant form of
HCV 2k/1b on the basis of NS5A- and NS5B-fragment
analysis, additional sequencing of the Core fragment
of the HCV genome (8 to 191 amino acids) was
performed using the in-laboratory technique and Sanger
sequencing [20], followed by Core nucleotide sequence
analysis using HCVBIast [18].

Nucleotide sequences were analyzed for polymorphisms
using the MEGA 6.0 program [21]. NS5A and NS5B
nucleotide positions described in the literature were
analyzed [2, 4,9, 13-17, 22].

Results

A total of 286 blood plasma samples were collected
from HIV-infected individuals, 139 (48.60%) males
and 147 (51.40%) females. The main route of HIV-1 infection
for patients was sexual 247 (86.36%), for 39 (13.64%) —
injection drug use (IDU). The vulnerable group of injection
drug users (IDUs) was more often male, 31/39 (79.49%),
while males accounted for only 46.96% (116/247) of
those with sexual route of infection. The mean duration of
infection from diagnosis to specimen collection was 15 days
(95% confidence interval (CI) 12.42-18.76).

A total of 94/286 (32.86%) individuals were found to
have HCV infection. Among the 94 patients with HIV-1/
HCV infection, 57 (60.64%) were male. The mean age
of patients was 41 years (95% CI 39.23-42.70). Co-
infection was most commonly detected in males in the
age group of 35-44 years and females in the age group
of 55—64 years. A total of 34/94 (36,17%) patients with
co-infection belonged to the vulnerable IDU group, while
only 5/192 (2.60%) patients with HIV-1 mono-infection
belonged to the vulnerable IDU group.

HCV VL < 150 IU/mL was present in 34/94 (36.17%)
samples from co-infected patients, which did not
allow further genetic analysis. The mean VL in the
remaining 60 samples was 6.96 logl0 (95% CI 6.75-
7.11) IU/mL. Nucleotide sequences of NS5A and NS5B
fragments of the HCV genome were obtained for 52/60
(86.67%) samples with HCV VL > 150 [U/mL.

Genotype analysis based on real-time polymerase chain
reaction (PCR) and subsequent analysis with HCVBIlast
and geno2pheno[HCV] tools revealed that 28/52 (53.85%)
samples had HCV that belonged to subtype 3a, 17 (32.69%)
samples had HCV subtype 1b, 5 (9.62%) samples had
HCV recombinant form 2k/1b, and one sample had HCV
subtype 1la. HCV types 1a and 3a were detected in a sample
obtained from a 25-year-old female patient from Barnaul
with an IDU route of infection and duration of HIV infec-
tion of about 6 months, indicating co-infection with two
HCYV variants.

The recombinant nature ofall 5 samples with HCV 2k/1b
was confirmed by Core fragment analysis. Interestingly,
all 5 2k/1b samples were attributed by NS5B to HCV
subtype 1b by the geno2pheno[HCV] program, whereas
similar NS5A analysis and analysis of both fragments
in HCVBlast allowed unmistakable identification of
the 2k/1b variant.
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Fig. 2. Result of drug resistance analysis to NS5A and NS5B inhibitors of all HCV nucleotide sequences (z = 53) and non-3a subtypes (n = 24).

Puc. 2. Pesynbrar ananu3a j1ekapCTBEHHOH ycToiunBocTH K HHrHouTopam NS5A u NS5B Bcex HyKII€OTHIHBIX IOCIeJ0BaTeIbHOCTEH
BI'C (n =53) u ne 3a-cyotunos (n = 24).

Since one sample had a co-infection with two HCV
variants, 53 virus genomes were further analyzed. The
result of DR analysis to NS5A and NS5B inhibitors
using geno2pheno[HCV] tool is shown in Fig. 2. The
drugs ombitasvir (NS5A inhibitor) and dasabuvir (NS5B
inhibitor) are not recommended for therapy of HCV
subtype 3a infection. Thus, DR to these drugs was
assessed for 24 non-3a-subtype genomes.

The result of the analysis of DR mutations, polymor-
phisms and atypical mutations in DR-critical positions of
the genomic fragments studied is shown in the Table.

Reduced sensitivity or complete resistance were most
frequently detected to the NS5A inhibitor daclatasvir:
in 5.66% and 9.43% of viruses, respectively. This
was associated with R30Q/H and L31M mutations
in 3 sequences of subtype 1b and one sequence of 2k/1b,
and A30K and AG62L substitutions in 3 sequences
and one sequence of subtype 3a, respectively. The
A30K substitution was responsible for resistance to
elbasvir and ledipasvir, as was the L31M substitution
detected in one sequence of subtype 1b. It is also
worth noting the high level of polymorphism at
position 62 in subtype 3a viruses: 22 (75.86%) samples
contained the A62S substitution, another 5 contained
the A62T/V substitution, and only one contained the
daclatasvir DR-related A62L substitution.

The two samples mentioned above (sub-
type 1b and 2k/1b) with the R30Q substitution and re-
sistance to daclatasvir were also resistant to ombitasvir.
Sequence of subtype la from a sample with co-infection
with two HCV variants had reduced sensitivity to velpa-
tasvir and ombitasvir due to the M28V mutation. How-
ever, no resistance was detected in subtype 3a sequence
from the same patient.

Also 6 (20.69%) subtype 3a sequences contained S98G
substitution. However, no associated Y93H mutation was
detected in any sample.

In the NS5B fragment, DR mutations were detect-
ed only among subtype 1b sequences: the L159F and

S556G mutations associated with DR to sofosbuvir con-
tained 7 (41.18%) and 3 (17.65%) samples, respective-
ly. Another 9 (52.94%) subtype 1b sequences contained
C316N mutation associated with DR to tegobuvir.

The D310N polymorphism was detected in 24 (82.76%)
subtype 3a sequences, and the A150V substitution was
present in 7 (24.14%) sequences of this subtype.

As for the combinations of polymorphisms at posi-
tions 148, 183, 227 and 363 affecting the sensitivity of
HCV subtype 3a to ribavirin, only S183P polymorphism
was detected in all sequences of subtype 1b, 2k/1b and 1a.
However, not a single sample of subtype 3a contained
this substitution.

Finally, non-DR polymorphisms were found in the
NS5B nucleotide sequences examined, but at posi-
tions critical for virus resistance to dasabuvir. A total
of 4 (23.53%) subtype 1b viruses contained C451H/T/Y
polymorphisms, and none contained an DR mutation
at this C451S position. One 1b sample had an S368A
substitution instead of S368T, and another had an
S556A substitution instead of S556G/N/R. Both sam-
ples of subtype 1a had the N444D substitution instead
of N444K [22].

Discussion

In the surveyed group of HIV-infected patients, only
slightly more than 32% were infected with HCV. This
is probably due to the fact that HIV-1/HCV co-infec-
tion is more common in IDUs: while the prevalence of
HCV is 10-14% in individuals practicing high-risk sex-
ual behavior, among IDUs this percentage is increased
to 85-90% [5]. Since only 13.64% of patients in the study
were DU, it is not surprising that less than 1/3 of them
had HIV-1/HCV co-infection. Meanwhile, the propor-
tion of IDUs among HIV-1/HCV-infected patients was
significantly higher than in HIV-1-only patients: 36.17%
vs. 2,60%.

Gender and age indicators of the surveyed group of
patients with detected HIV-1/HCV co-infection were
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Table. Results of HCV nucleotide sequence (n = 53) analysis for the presence of DR mutations and significant polymorphisms

Tadauua. Pesynprar ananuza HyKIeoTHIHBIX nocienosarensHocteld BI'C (7 = 53) Ha Hanmume mytanuii JIY u BaxHBIX nonumMopduzMoB

Subtype 3a Subtype 1b 2k/1b, Subtype la
Substitution CyOrumn 3a, Cy6run 1b, | abs./abc. | CyOrum la, The drug affected by substitution
3ameHa abs./abc. (%) abs./abc. (%) (%) abs./abc. (%) [Ipenapat, Ha KOTOPBIH BIUSET 3aMEeHa
(n=29) (n=17) (n=15) (n=2)
NSS5A fragment (aa. 1-117), abs. (%)
®dparment NS5A (aa. 1-117), abe. (%)
M28V - - - 1 (50) Velpatasvir, ombitasvir
Benmnaracsup, oMOuTacsup
R30Q - 1(5.88) 1(20) - Daclatasvir, ombitasvir
JlaknaracBup, oOMOUTacBUD
R30H - 1 (5.88) - - Daclatasvir
JlakmaracBup
A30K 3(10.35) - - - Elbasvir, ledipasvir, pibrentasvir, velpatasvir, daclatasvir
OnbacBup, JeAUNACBUD, THOPEHTACBUP, BEJINATACBUP, NAKJIATACBUP
A62L 1(3.45) - - - Daclatasvir
Jlaxmaracsup
A30S/T 2 (6.90) - - -
L31M - 1(5.88) - -
A62S 22 (75.86) - - -
A62T 3(10.35) - - -
A62V 2 (6.90) - - -
A92V - - 1 (20) -
Y93H - - - -
S98G 6 (20.70) - - -
P587S - 1(5.88) - -
NS5B fragment (aa. 148-556), abs. (%)
®parment NS5B (aa. 148-556), ade. (%)
L159F - 7 (41.18) - - Sofosbuvir
CodocOysup
S556G - 3(17.65) - - Dasabuvir, sofosbuvir
[acabyBup, copocOyBup
C316N - 9 (52.94) - - Tegobuvir
TeroOysup
S368A - 1(5.88) - -
N444D - - - 2 (100)
CASTH/T/Y - 4 (23.53) - -
S556A - 1(5.88) - -
D148N - - - -
A150V 7 (24.14) - - -
S183P - 17 (100) 5(100) 2 (100)
T227S - - - -
E237G - - - -
D310N 24 (82.76) - - -
1363V — — — —

similar to those for HCV in Europe. Thus, in European
countries, there are 1.6—1.9 cases per woman with HCV
among males, and the mean age of infected individuals is
about 46 years [1]. In the present study, the ratio of wom-
en to men with co-infection was 1 : 1.54, and the average
age of patients was 41 years old.

We identified the predominance of HCV subtype 3a in
the studied collection of samples. This result differs from
the data of studies showing the distribution of HCV gen-
otypes both in Russia as a whole and in the Siberian Fed-
eral District [9, 10], which can be regarded as a distinc-
tive feature of the HCV epidemic among HIV-infected
individuals in Altai Krai. The fact that HCV subtype 3a is
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prevalent in Altai Krai is alarming because, compared
to other genotypes, infection with genotype 3 leads to a
more rapid development of fibrosis and a high degree of
hepatic steatosis, as well as to an increased risk of HCC
[13]. Moreover, among all genotypes, genotype 3 most
frequently demonstrates resistance to DAAs [15].

The problem of HCV subtyping is of great importance
not only for the understanding the epidemiology of the
pathogen, but also for predicting the course of infection
and choosing effective therapy. To establish the recombi-
nant form 2k/1b circulating in Russia, genotyping of the
region to the left of NS2 (e.g., Core) and to the right of
NS2 (NS3, NS5A or NS5B) is necessary. In recent years,
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therapy regimens that do not include interferon-based
drugs, but also include pangenotypic DAAs, have been
introduced into widespread practice. In Russia, not on-
ly regimens including sofosbuvir and daclatasvir, but al-
so 2nd line therapy regimens containing such drugs as
elbasvir, ledipasvir, ombitasvir and velpatasvir are wide-
ly used [23]. In this regard, the necessity to analyze the
nucleotide sequence of the Core region is reduced. This
leads to a complication in the differentiation of form 2k/1b
from subtype 1b, since only the nucleotide sequence to
the right of NS2 is often available for HCV samples. Our
results of subtyping of NS5A and NS5B fragments sug-
gest that the use of NS5A fragment analysis in the geno-
2pheno[HCV] program and/or NS5A or NS5B fragment
analysis in the HCVBIlast program is sufficient to estab-
lish 2k/1b. In this case, the fragments obtained as part of
the HCV DR test for DAA drugs are suitable for analysis.

The case of infection with two HCV variants detected
in this study has a logical explanation — the main route
of HCV infection in the world and in Europe is current-
ly IDU [1, 5, 8]. The patient with co-infection with two
HCYV subtypes belongs to the vulnerable group of IDUs.
Simultaneous infection with several virus variants is an-
other serious cause of HCV genetic variability, as it cre-
ates a basis for the emergence of recombinant forms of
the virus [12]. In the case described here, there was the
simultaneous presence of subtype la with reduced sen-
sitivity to ombitasvir and subtype 3a, which requires a
special approach to therapy. Potentially, this coinfection
could lead to the formation of a recombinant with reduced
sensitivity to individual therapy regimens.

The high frequency of the C316N substitution in sub-
type 1b samples (52.94% of samples) is consistent with
previously published data on the high prevalence of this
substitution among the 1b variant circulating in Russia
[3]. This substitution is associated with low-level resis-
tance to tegobuvir in HCV subtype 1b. At the same time,
we did not identify the better known DR C316Y muta-
tion associated with resistance to NS5B inhibitors in sub-
types la and 1b [3, 22].

In more than 82% of subtype 3a sequences, we detected
the D310N substitution associated with the progression
of liver pathology in HCV. Previously, this substitution
was detected in only 30% of subtype 3a sequences iso-
lated in Russia [3]. The increase in its prevalence among
this genetic variant is a cause for concern. At the same
time, more than 24% of subtype 3a sequences contained
the A150V substitution associated with significant resis-
tance of the virus to interferon-o [17]. Thus, the HCV
subtype 3a variant circulating among HIV-infected indi-
viduals in Altai Krai may not only lead to severe liver
damage, but also be resistant to interferon-based therapy.

Meanwhile, the present study did not reveal any combi-
nation of NS5B polymorphisms in subtype 3a described
in the literature [16], which can insignificantly affect the
efficacy of ribavirin therapy. However, we found a num-
ber of polymorphisms in subtype 1b and la sequences
that are not associated with DR, but present in critical
nucleotide positions.

OPUTUHANbHbBIE NCCNTEAOBAHUA

Conclusion

Thus, the results obtained in general indicate the pre-
dominance of HCV subtype 3a in recently detected
HIV-infected individuals in Altai Krai and indirectly — an
increase in the percentage of this genetic variant in the
hepatitis C epidemic in the studied region of the country.
Data on the identified mutations and genetic polymor-
phisms should be taken into account when prescribing
antiviral therapy for patients.
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