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Abstract

Introduction. Evaluation of hepatitis virus genotypes diversity plays a significant role in analysis of epidemiological
situation in particular territories which allows to trace possible routs of transmission, emergence and spread of
new viral variants.

The aim of the study is to evaluate dynamic of incidence of chronic forms of viral hepatitis B and C in the
Khabarovsk krai during 2013-2023 and to perform analysis of genetic diversity of hepatitis B and C viruses (HBV
and HCV) that were circulating in the Khabarovsk city.

Materials and methods. A retrospective analysis of the incidence of chronic forms of hepatitis C in the
Khabarovsk krai was conducted for the period from 2013 to 2023 (11 years) according to reports from the Office
of Rospotrebnadzor in the Khabarovsk krai. Serological and molecular-genetic analysis of 112 blood plasma
samples obtained from patients with diagnosis of “chronic viral hepatitis” residing in the Khabarovsk city was
conducted.

Results. The research showed that incidence of chronic viral hepatitis C has declined from 50.0 in 2013 to 44.6
cases per 100 thousand population in 2023 and incidence of chronic viral hepatitis B has also declined from 10.2
to 8.2 cases per 100 thousand population in the Khabarovsk krai respectively. HBV DNA was detected in 21 out
of 36 blood plasma samples that contained serological markers of HBV. HBV genotype D was isolated in 15 out of
17 samples and was presented by two subtypes (D1, D2). Subtype A2 was identified in 2 samples. No mutations
of drug resistance were found. HCV RNA was found in 58 out of 78 samples of blood plasma that were positive for
antibodies (IgG + IgM) to HCV. Circulation of 1b, 1a, 3a, 2a, 2c HCV subtypes with predominance of 1b subtype
was revealed in the Khabarovsk city.

Conclusion. The incidence of chronic hepatitis B and C in the Khabarovsk krai during the 11-year follow-up
period had a pronounced tendency to decrease. Results of the research complement existing data on circulation
of HBV and HCV genetic variants in territories of the Russian Federation.

Keywords: Khabarovsk krai, hepatitis C virus, hepatitis B virus, genotype, subtype, chronic hepatitis, phylogenetic
analysis
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3aboneBaemMoCTb XpOHNUYECKMMU BUPYCHbIMW Frenatutamm
N aHanu3 reHeTNYecKoro pasHoobpasuna BMpycoB
renatutoB B n C cpean HaceneHna XabapoBcka

KotoBa B.O.™, ba3bikuHa E.A.", banaxoHuesa J1.A.!, TpoueHko O.E.", KysHeuoBa A.B.2

XabapoBCKMI HayYHO-CCNIeA0BATENbCKUN HCTUTYT ANMNAEMMONIOTN 1 MUKpobuonorun, XabapoBsck, Poccus;
2 leHTp no npodunakTrke n 6opbbe co CMNNMI n nHdekumoHHbIMU 3aboneBaHmAMM, XabapoBck, Poccna

AHHOMauus

BBepneHue. N3yueHune reHOTUNMYECKOro pasHoobpa3ns BUPYCOB renatntoB MMeeT BonbLUoe 3Ha4YeHne npu npo-
BEJEHUN aHann3a anuaeMmonornyeckon o6CTaHOBKM Ha KOHKPETHOW TEPPUTOPUK, NMO3BOMASA OTCINEXMBATbL BO3-
MOXHbIE NyTW NepeaaYn NHQEKUMmn, NOSBNEHNE U pacnpoCcTpaHeHe HOBbIX BApMaHTOB BUPYCOB.

Llenb — oueHnTb gnHamuky 3abonesaemocTn XpoHNYeckumm popmamum BupycHoix renatntos B (XMB) n C (XI'C)
Ha Tepputopumn Xabaposckoro kpast 3a 2013-2023 rr., NpoBeCTV aHanu3 reHeTu4eckoro pasHoobpasusa BMpycoB
renatutoB B (HBV) n C (HCV), umpkynupytowmx B XabapoBcke.

Martepuanbl u meToAbl. PeTpocnekTuBHbIN aHanma 3abonesaemocty XI'B n XI'C no XaGapoBckomy Kpato npo-
BeaéH 3a 11 neT no gaHHbIM OTY4ETOB YnpasneHus PocnoTpebHaasopa no XabapoBckoMy kpato. BeinonHeH cepo-
JIOTMYECKUIA U MONEKYNSAPHO-TeHEeTUYECKMI aHanm3 112 o6pa3uoB NnasMbl KPOBY MNALMEHTOB C AMArHO30M «XpPO-
HWYECKUI BUPYCHBIN renaTtuT», NPoXuBaoLwmnx Ha Tepputopun Xabaposcka.

PesynbraTbl. B Xabaposckom kpae ¢ 2013 no 2023 r. 3aboneBaemocTb XI'C cHuannack ¢ 50,0 go 44,6 cnydyasa
Ha 100 TbiCc. HaceneHus, a XI'B — ¢ 10,2 po 8,2. AHK HBV o6Hapy>eHa B 21 n3 36 o6pasLoB nna3mbl KPOBK Na-
LIMEHTOB C BbISIBNEHHLIMW cepornoruyeckummn mapkepamu HBV. Cpeaun 17 nccnepgosaHHbix 06pasuos reHotun D
HBV o6HapyxeH B 15 cnyyasx, npegctaBneHHbIi cybreHotunamm D1 n D2, cy6tnn A2 — B 2 obpasuax. My-
TaLun NeKapCTBEHHOM YCTOMYMBOCTU He obHapyxxeHo. PHK HCV BbisiBneHa B 54 n3 78 npo6 nnasmbl KpoBM
C MONOXMWTENbHBLIM pesynbTatoM MMMYHOMEPMEHTHOTO aHanu3da Ha Hanuume antuten (IgG + IgM) k HCV.
Ha Tepputopumn Xabaposcka ycTaHoBneHa umpkynsuus cybtunos HCV — 1b, 1a, 3a, 2a, 2c ¢ npeobnagaHuem
cy6Ttuna 1b.

3akntoveHue. 3abonesaemoctb XI'C n XI'B B XabapoBckom kpae 3a 11-neTHuii nepuog HabnogeHns nMena
SIPKO BbIpaXXEHHY TeHAEHLUMI0 YObInu. Pe3ynbsraThl ccnenoBaHUs LOMOMHAIOT CYLLECTBYHOLLME NpeacTaBneHnst
0 umpkynsuum reHosapmaHtoB HBV n HCV Ha Tepputopumn Poccun.

KnroueBble cnoBa: Xabaposckull kpall, supyc eenamuma C, supyc eenamuma B, eeHomur, cyémur, XpoHu4e-
CKul eenamum, ¢huriozeHemuyecKkul aHanu3

Amuuyeckoe ymeepxdeHue. ViccrenoBaHue npoBoaniock Npyu 4o6poBoNbHOM MHEPOPMUPOBAHHOM COrflacumn naum-
€HTOB WUNW KX 3aKOHHbIX NpeacTasuTenen. MpoTokon nccnenoBaHus ogobpeH ATudeckum KomuTeToMm XabapoBckoro
HWW snngemnonorum n mukpobuonorum (npotokon Ne 9 ot 01.11.2022).

UcmoyHuk puHaHcuposaHus. ViccnegoBaHne NpoBeAeHO B paMKax OTPacneBon Hay4YHO-UCCneaoBaTerlbCkon npo-
rpammbl PocnotpebHaasopa Ha nepunog 2021-2025 rr. (HNOKTP Ne 121052600115-4).

KoHgbsiukm uHmepecoe. ABTOPbI AEKNapUpPYT OTCYTCTBUE SIBHBIX M MOTEHLMANbHbIX KOH(IIMKTOB MHTEPECOB, CBS-
3aHHbIX C Nybnukaumen HacTosILLEN cTaTbu.

Ansa yumupoearus: Kotosa B.O., basbiknHa E.A., banaxoHuesa J1.A., TpoueHko O.E., KysHeuoBsa A.B. 3abonesa-
€MOCTb XPOHUYECKMMW BMPYCHLIMU renatutaMmu M aHanmus reHeTU4eckoro pasHoobpasusi BUpycoB renatutos B n C
cpeaw HaceneHus Xabaposcka. XKypHan Mukpobuonoauu, anudemuonoauu u ummyHobuonoauu. 2025;102(1):91-101.
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Introduction

The problem of parenteral viral hepatitis B and C
remains one of the priority objectives of global health
care due to the high frequency of chronic forms of the
disease and the possibility of unfavorable outcomes in
the form of liver cirrhosis and hepatocellular carcino-
ma. The World Health Organization (WHO) estimates
that 50 million people worldwide are affected by hepa-
titis C virus (HCV) and 254 million people are infected
with hepatitis B virus (HBV)'. In April 2016, the WHO
Assembly resolved to globally eliminate viral hepatitis
as a public health problem by 2030.?

The implementation of the “Health” national pro-
ject on hepatitis B vaccine prophylaxis in Russia has
contributed to a decrease in the incidence of acute form
of the infection. Over the past 10 years (from 2014 to
2023), the incidence of acute hepatitis B has decreased
4-fold — from 1.32 to 0.33 cases per 100,000 population.
Since 2014, there has been an annual decrease in the inci-
dence of acute hepatitis C in Russia. In 2023, it amount-
ed to 1393 patients or 0.95 cases per 100,000 population,
which is 27.5% lower than the global average, but at the
same time, compared to 2022, the incidence increased
by 26%. Along with a decrease in the incidence of acute
hepatitis B and C, high rates of new cases of chronic vi-
ral hepatitis continue to be registered in Russia. In total,
more than 58.9 thousand cases of chronic viral hepatitis
were registered in 2023 (43.3 thousand cases in 2022).
The incidence rates of chronic viral hepatitis vary dra-
matically across the constituent entities of the Russian
Federation (from 0.9 to 127.86 per 100,000 population),
which largely depends on the quality of diagnosis and
completeness of registration of this group of diseases’.
A similar trend can be observed in the Khabarovsk Ter-
ritory, which is part of the Far Eastern Federal District*.

Recently, much attention has been paid to the
study of genotypic variability of hepatitis viruses. Dis-
eases caused by different genotypes may differ signifi-
cantly in clinical course and outcomes [1-3].

Currently, 10 hepatitis B virus (HBV) genotypes
have been identified (designated by letters A to J). Geno-

' World Health Organization. Hepatitis B, Fact Sheet. URL: https://
www.who.int/news-room/fact-sheets/detail/hepatitis-b (data of
access: 07.05.2024); World Health Organization. Hepatitis C,
Fact Sheet. URL: https://www.who.int/news-room/fact-sheets/
detail/hepatitis-c (data of access: 07.05.2024).

2 World Health Organization. Sixty-ninth world health assembly

provisional agenda item 15.1. Draft global health sector strategies.

Viral hepatitis, 2016-2021.

URL: http://apps.who.int/gb/ebwha/pdf filessWHA69/A69 32-

en.pdf?ua=1 (data of access: 07.05.2024).

State report "On the state of sanitary and epidemiological welfare

of the population in the Russian Federation in 2022". Moscow;

2023. URL: https://clck.ru/3FcJ5X

Report of the Office of the Federal Service for Supervision of

Consumer Rights Protection and Human Welfare in the Khabarovsk

Territory "On the state of sanitary and epidemiological well-being

of the population in 2022". URL: https://clck.ru/3FcHrj

types A-D, F, H and I are divided into 35 sub-geno-
types (for other genotypes sub-genotypes have not been
established) [4, 5]. The genotypes differ in genome
length, size of the open reading frames and protein
translated, as well as mutations selected under the influ-
ence of therapy [6, 7]. Hepatitis C virus (HCV) isolates
are categorized into 8 genotypes [8] and 93 confirmed
subtypes. The modern classification of HCV includes
9 inter-genotype recombinant forms’. Each genotype is
characterized by a certain frequency of occurrence and
geographical area of distribution.

According to the results of molecular genetic stu-
dies conducted in different years in Russia, it was found
that 3 genotypes of HBV — D, A and C with the pre-
dominance of genotype D and 4 subtypes of HCV —
la, 1b, 2 and 3a, of which subtypes 1b and 3a are pre-
dominant, are circulating in the territory of the country
[9-12].

The study of genotypic diversity of viral hepatitis
is of great importance when analyzing the epidemio-
logical situation in each specific territory, allowing to
track possible routes of transmission, the emergence
and spread of new virus variants, identify imported cas-
es of infection. All this is an important aspect in the
timely planning of necessary sanitary and epidemiolo-
gic measures.

Modern molecular biological methods of research
allow not only to assess the genetic diversity of HBV
and HCV in separate territories, but also to determine
the nature of clinically significant mutations in the
P-gene of HBV DNA and NS3/NS5A/NS5B regions
of HCV associated with possible resistance to therapy
with direct antiviral drugs.

The aim of the study was to assess the dynamics
of chronic hepatitis B and C incidence in 2013-2023,
and to analyze the genetic diversity of HBV and HCV
circulating among Khabarovsk patients diagnosed with
chronic viral hepatitis.

Materials and methods

Retrospective analysis of the incidence of chronic
hepatitis B and C was performed using data provided
by the Khabarovsk krai Rospotrebnadzor regional of-
fice for the period from 2013 to 2023 (11 years). The
values of chronic viral hepatitis incidence in Russia
were taken from the State Report “On the state of sani-
tary and epidemiologic well-being of the population in
the Russian Federation in 2023

The average annual growth rate (AAGR) was cal-
culated using the least squares method, and the confi-
dence interval was calculated using the Fisher angular
transformation method. The obtained trend was regard-
ed as stable at AAGR =+ 1%, as weakly expressed —

5 International Committee on Taxonomy of Viruses (ICTV), 2022
URL: https://talk.ictvonline.org/ictv_wikis/flaviviridae/w/
sg_flavi/S6/hcv-classification (data of access: 15.05.2024).
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at AAGR = + 1.1-3.0%, as moderate — at AAGR = +
3.1-5.0%, as expressed — at AAGR = £ 5.1-7.0%, as
pronounced — at AAGR = +7% and above [13].

In order to study the genetic diversity of HBV
and HCV circulating among the population of the
Khabarovsk Krai, blood plasma samples from 112 pa-
tients diagnosed with chronic viral hepatitis collected
at the Center for Prevention and Control of AIDS and
Infectious Diseases (n = 50) and the laboratory of the
Khabarovsk Research Institute of Epidemiology and
Microbiology (n = 62) in 2022-2023 were studied. In-
formed consent of all patients to participate in the study
was obtained, as well as approval of the ethics committee
of Khabarovsk Research Institute of Epidemiology and
Microbiology (protocol No. 9 of 01.11.2022) to conduct
the research. The presence of markers of viral hepatitis
B and C was determined by enzyme immunoassay using
test systems produced by Vector-Best CJSC.

Nucleic acids were isolated from 100 pl of blood
plasma using the AmpliPrime RIBO-prep reagent kit
(Central Research Institute of Epidemiology of Rospo-
trebnadzor). Analysis for detection of HBV DNA,
HCV RNA, determination of viral load in positive
samples and HCV genotype was performed by poly-
merase chain reaction (PCR) with hybridization-fluo-
rescence detection in real time using commercial kits:
“AmpliSens HBV-FL, AmpliSens HBV-Monitor-Fl,
AmpliSens HCV-FL, AmpliSens HCV-Monitor-Fl,
AmpliSens-1/2/3 (Central Research Institute of Epide-
miology of Rospotrebnadzor) on a Rotor Gene Q de-
vice (Qiagen).

For HBV and HCV genotyping, we used two-step
PCR with specific primers (Syntol) for the conserved
region of the overlapping S and P genes, encoding the
surface protein and DNA polymerase of HBV, and for
the NS5B region of HCV [14, 15].

Additionally, the nucleotide sequence of the HCV
NS5 region was analyzed for a patient with HCV re-
ceiving direct antiviral drugs using the method de-
scribed by M. Rajhi et al. [16].

Sanger sequencing of amplified viral genome
fragments was performed using the BigDye Terminator
v3.1 Cycle Sequencing Kit (Applied Biosystems/Life
Technologies) on an ABI3500 DNA analyzer (Applied
Biosystems/Life Technologies).

Alignment of the obtained nucleotide sequences
was performed in the BioEdit v. 7.1.9 program.

Phylogenetic analysis was performed using the
MEGA v. 7.0 program by constructing phylogenetic
trees using the neighbor-joining method [17]. The dis-
tances between nucleotides were calculated using the
Kimura method. To assess the statistical reliability of
phylogenetic relationships, bootstrap analysis was used
for 1000 independent constructions of each phylogene-
tic tree.

As reference strains for phylogenetic analysis we
used sequences of the same genomic region of HBV
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and HCV from Russia and other countries of the world
presented in GenBank®.

The geno2pheno software’ was used to detect drug
resistance mutations.

14 obtained and analyzed nucleotide sequences of
HBYV genomic regions (accession numbers PP100729-
PP100742) and 44 HCV genomic regions (accession
numbers PP111728-PP111748, PP100743-PP100765)
were deposited in the international GenBank database.
10 HBV partial genomic sequences and 35 HCV partial
genomic sequences were deposited in Russian virus ge-
nome information aggregation platform VGARus.

Results

The conducted studies showed that the incidence
of chronic hepatitis C in the Khabarovsk Krai in 2013 to
2023 decreased from 50.0 (95% CI 46.2-54.0) to 44.6
(95% CI 41.0-48.3) per 100,000 population and had a
pronounced downward trend (AAGR = —6.5%). More
significant changes were registered in the Khabarovsk
Krai in terms of chronic hepatitis B incidence, which
had a pronounced downward trend (AAGR =-11.6%),
decreasing more than 2-fold — from 10.2 (95% CI 8.5—
12.0) cases per 100,000 population in 2013 to 4.5 (95%
CI 3.4-5.7) cases per 100,000 population in 2021.

In Khabarovsk, the incidence of both chronic
hepatitis B and C was higher than in the Khabarovsk
Krai throughout the entire observation period: in 2023
the incidence of chronic hepatitis C was 56.7 (95% CI
50.9-62.8) per 100,000 population (27.1% higher than
in the Khabarovsk Krai), and the incidence for chronic
hepatitis B was 13.3 (95% CI 10.6-16.3) per 100,000
population (62.2% higher than in the Khabarovsk
Krai). In multiyear dynamics, the incidence of chron-
ic hepatitis B and C in Khabarovsk had a more pro-
nounced downward trend compared to the regional one
(AAGR =-11.6% — for chronic hepatitis C incidence
and AAGR = -12.2% — for chronic hepatitis B inci-
dence) (Fig. 1).

The decline in chronic viral hepatitis incidence
after 2019 coincided with the start of the COVID-19
pandemic, during which restrictive measures were in-
troduced to reduce the spread of SARS-CoV-2 among
the population. In 2022 and 2023, when the restrictions
were gradually lifted, an increase in chronic hepatitis
C incidence of 20.5 and 45.7% in the Khabarovsk Krai
and 21.4 and 44.6% in Khabarovsk, respectively, be-
gan to be recorded. The incidence of chronic hepatitis
B in the Khabarovsk Krai and Khabarovsk increased
by 17.8 and 41.2% in 2022, respectively, and by 54.7
and 84.7% in 2023, which is probably due to an in-
crease in the number of patient visits to medical or-
ganizations, including laboratory testing that reached
levels of 2019.

¢ URL: https://www.ncbi.nlm.nih.gov/genbank
7 URL: http://hbv.geno2pheno.org/index.php
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Fig. 1. Long-term incidence of chronic viral hepatitis C and B in the Khabarovsk krai and Khabarovsk city.

Serologic and molecular genetic analysis was per-
formed for 112 blood plasma samples of the Khabarovsk
residents diagnosed with chronic viral hepatitis. The
age of the examined patients averaged 51 years. There
were 51 women (45.5%; 95% CI 36.9-55.2%) and
61 men (54.5%; 95% CI 45.8—64.1%) among the exam-
ined patients.

HBsAg was detected in 36 of 112 plasma sam-
ples (32.1%; 95% CI 23.7-40.9%). Antibodies to the
HCV were detected in 78 samples (69.6%; 95% CI
61.2-78.1). 2 (1.8%; 95% CI 0.2-5.4%) patients had
mixed-infection with HBV + HCV.

HBV DNA was detected in 21 (58.3%; 95% CI
41.7-73.4%) of 36 plasma samples from patients with
detectable markers of HBV. In all DNA-positive sam-
ples, viral load levels were determined. In 19 (90.5%;
95% CI 74.0-98.8%) patients it was low (less than
10* IU/mL), and in 2 (9.5%; 95% CI 1.2-26.0) it was
intermediate (10*-10° [U/mL).

During an examination of 78 patients from
Khabarovsk who were positive by enzyme-linked im-
munosorbent assay for antibodies (IgG + IgM) to HCV,
HCV RNA was detected in 54 (69.2%; 95% CI 42.9—
64.9%) blood plasma samples. In all RNA-positive
samples, viral load levels were determined. It was low
(less than 8 x 10° IU/mL) in 39 (72.2%; 95% CI 59.4—
83.1) patients and high (greater than 8 x 10° ITU/mL)
in 15 (27.8%; 95% CI 16.9-40.6) patients. Prelimi-
nary HCV genotyping using the AmpliSens -1/2/3 kit
showed that HCV genotype 1 was the most common
among the examined patients in Khabarovsk (57.4%;
95% CI 43.7-69.8%). HCV genotype 3 was detected
in 14 patients (25,9%; 95% CI 15,3-38,4%). Genotype

2 was detected in 8 cases (14.8%; 95% CI 6.8-25.6%),
and genotype could not be determined in 1 patient
(1.9%; 95% CI 0.1-7.2%).

To determine the genotype, to clarify the origin
and possible relatedness of HBV and HCV variants
with isolates from other regions of Russia and foreign
countries both nearby and far away, 17 nucleotide se-
quences of the HBV genomic region and 53 nucleotide
sequences of the NS5B region of HCV of satisfactory
quality were obtained, suitable for further analysis.

As a result of molecular genetic analysis of HBV,
genotype D was determined in 15 patients (88.2%; 95%
CI 68.9-98.7%) and genotype A in 2 patients (11.8%;
95% CI 1.3-31.1). Phylogenetic relationships between
the studied samples and reference sequences are pre-
sented in Fig. 2.

On the phylogram, the HBV genotype D strains
obtained by us and the nucleotide sequences retrieved
from GenBank fell into two distinct monophyletic
groups distinguished by sub-genotypes: D1 and D2,
which were identified in 7 (46.7%) and 8 (53.3%) sam-
ples, respectively.

The obtained nucleotide sequences (Nos. 442,
507, 90) grouped with genetically similar sequences of
sub-genotype D1 from Chile (FJ709467.1), Germany
(MZ0977440.1), as well as with a strain (KY660216.1)
that had already been recorded in the Khabarovsk Krai
in 2016. Four samples (Nos. 930, 673, 1021, 310)
formed separate clades with sub-genotype D1 strains
from Poland (GQ477513.1), India (MH272614.1), Tur-
key (AB674433.1) and Iran (KS339812.1).

The obtained nucleotide sequences of sub-geno-
type D2 were distributed between HBV strains of
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this sub-genotype detected in Russia (in Moscow —
OR956323. 1 and Khabarovsk — OR956250.1), and
strains from India (MK975842.1), Italy (JN226080.1),

Spain  (GQ486785.1), Albania  (JQ244817.1,
JQ244795.1), Iran  (KC339865.1),  Tajikistan
(AY738889).

Two strains isolated in Khabarovsk (samples No.
1125, 1877) grouped on the phylogenetic tree, forming
one common cluster with reference strains of sub-geno-
type A2. Sample No. 1877 had a high genetic similarity

1915
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with a strain of HBV sub-genotype A2, serotype adw?2
from Cuba (KM606811.1), and sample No. 1125 with a
strain from Poland (GQ477462.1).

The nucleotide sequences of the P-gene region of
HBYV obtained in the present study were tested for the
presence of key mutations associated with the emer-
gence of drug resistance. The analysis showed that all
17 HBV strains were sensitive to the following antivi-
ral drugs: lamivudine, adefovir, entecavir, telbivudine,
tenofovir, i.e. no resistance mutations were detected.
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Fig. 2. Results of phylogenetic analysis of partial genomic nucleotide sequences of HBV circulating among population
of the Khabarovsk city.
Phylogenetic tree was constructed using the neighbor-joining method. HBV sequences evaluated in current work are marked with triangles
HBV reference sequences are specified by their GenBank accession numbers. Bootstrap index values exceeding 70% are indicated.
Blue lines — sub-genotype D2; red lines — sub-genotype D1; green lines — sub-genotype A2.
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(EU255927.1), and the Netherlands (KU563369.1), but

Phylogenetic relationships between nucleotide
no closely related strains were identified for it.

sequences obtained by direct sequencing of the NS5B
region of the HCV genome and reference sequences are On the phylogenetic tree, 31 out of 54 strains un-
displayed in Fig. 3. der study were evenly distributed among the reference

Sample No. 57, for which no result was obtained  sequences of HCV subtype 1b presented in the interna-
during preliminary genotyping using AmpliSens -1/2/3  tional GenBank database (Greece, France, USA, Bel-
diagnostic test system, formed a single cluster with iso- ~ gium, Spain, Taiwan, Japan, Vietnam, Brazil, Indone-
lates belonging to subtype la and isolated in different  sia, Tunisia). Phylogenetic analysis of 13 specimens as-
years in the USA (KT734609. 1, OK392383), where  signed to genotype 3 by PCR-genotyping showed that
this genetic variant is endemic, as well as in Sweden  all nucleotide sequences obtained by us are clustered
(MH510449.1), Ukraine (0Q979420), Switzerland on the same branch of the phylogenetic tree with previ-
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Fig. 3. Result of phylogenetic analysis of NS5B region nucleotide sequences of HCV circulating among population
of the Khabarovsk city.
Phylogenetic tree was constructed using the neighbor-joining method. HCV sequences evaluated in current work are marked with triangles.
HCV reference sequences are specified by their GenBank accession numbers. Bootstrap index values exceeding 70% are indicated.
Blue lines — subtype 3a; red lines — subtype 1b; green lines — subtype 2a; black lines — subtype 1a; violet lines — subtype 2c.
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ously obtained sequences of the same genomic region
of variants of subtype 3a isolated in different years in
different regions of Russia and the world.

Phylogenetic analysis of 8 specimens assigned
to genotype 2 based on the results of preliminary ge-
notyping revealed the formation of 2 clusters. One
sample (No. 81) with a high level of bootstrap support
(100%) formed a single cluster with isolates belong-
ing to subtype 2c, but no closely related strains were
identified for it. Seven strains grouped on the phylo-
genetic tree, forming one common cluster with HCV
subtype 2a isolates registered in GenBank, which were
isolated in Russia — in the Novosibirsk region in
2002 (GQ388000.1), Republic of Sakha (Yakutia) (KT
378626.1) in 2014, Leningrad region (AF388438.1) in
2014, and in France (MG453401.1) in 2014.

For sample #76 from a patient with HCV receiv-
ing direct antiviral drugs, the nucleotide sequence of the
HCV NS5A region was additionally analyzed for the
presence of mutations associated with the emergence of
drug resistance. As a result of the study, the Y93H muta-
tion was detected, which causes resistance of the virus
to the following drugs: Daclatasvir, which was included
in the patient's treatment regimen, as well as to Elbasvir,
Ledipasvir, Ombitasvir and Velpatasvir. When analyzing
the nucleotide sequence of the NS5B region, no drug
resistance mutations were detected in this sample.

Discussion

The current epidemiological situation on viral
hepatitis both in the Khabarovsk Krai and on average
in Russia is characterized by an increase in the total
number of patients with chronic forms among the pop-
ulation. In general, in the Khabarovsk Krai for 2013-
2023, the curves of chronic hepatitis B and C incidence
had unidirectional downward trends. Despite this, the
incidence rate of chronic hepatitis C in the Khabarovsk
Krai, which reached 44.6 cases per 100,000 population
in 2023, exceeded the national average of 31.6 cases
per 100,000 population. At the same time, the incidence
rate of chronic hepatitis B in the Khabarovsk Krai was
slightly lower than the Russian average — 8.2 and
8.4 cases per 100,000 population, respectively®.

It should be noted that the sharp decline in the in-
cidence of chronic hepatitis B and C, recorded in 2020,
including for chronic hepatitis C — 1.7-fold from 43.0
(95% CI 39.5-46.6) to 24.8 (95% CI 22.2-27.8) and
for chronic hepatitis B — almost 2-fold from 9.8 (95%
8.2-11.6) to 5.0 (95% CI 3.8-6.3) cases per 100,000
population, is partly explained by a decrease in the
number of people seeking medical care during the
COVID-19 pandemic.

8 Report of the Office of the Federal Service for Supervision of
Consumer Rights Protectionand Human Welfare in the Khabarovsk
Territory "On the state of sanitary and epidemiological well-being
of the population in 2022". URL: https://clck.ru/3FcHrj
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For many years, a significant contribution to the
development of the epidemic process of chronic viral
hepatitis in the region has been made by the largest
population center, Khabarovsk, which is the regional
capital, where 61.1% (95% CI 57.1-65.1) of patients
with chronic hepatitis C and 78.1% (95% CI 69.7-85.4)
of patients with chronic hepatitis B of all first-detected
cases in the constituent entity lived in 2023. The higher
incidence of chronic hepatitis C in the regional capital
can be partly attributed to the greater availability of lab-
oratory testing, in contrast to the northeastern territories
remote from the regional center, where registration of
chronic viral hepatitis incidence is absent or sporadic,
such as Polina Osipenko, Nikolaevsky, Okhotsk, Tu-
guro-Chumikansky and Ayano-Maysky districts.

A molecular genetic study established HBV and
HCV genotypes and sub-genotypes circulating among
patients with chronic forms of infection in Khabarovsk.

The results of phylogenetic analysis of D1 and D2
sub-genotypes from Khabarovsk and the GenBank da-
tabase showed the formation of several clusters, which
may indicate different origins and independent spread
of HBV strains circulating in the study area. The low
similarity of the strains from this study with strains
from Russia is possibly due to the low proportion of
Russian variants of the virus represented in the interna-
tional GenBank database.

The study revealed some differences in the distri-
bution of HBV and HCV genetic variants noted in this
paper among residents of Khabarovsk and the study
we conducted in 2017-2018 among the indigenous
population of Nanai district of the Khabarovsk Krai
[18, 19]. Thus, analysis of the frequency of occurrence
of HBV sub-genotypes D1, D2 and D3 showed that
among patients in the rural area, sub-genotype D3 was
slightly predominant (51.3%; 95% CI 35.8-66.7%),
and sub-genotypes D2 and D1 were identified in 46.1%
(95% CI 30.9—61.7%) and 2.6% of cases, respectively.
Should be noted that in the present study, no cases of
infection with sub-genotype D3 were identified among
urban patients, which refutes the results of previously
described studies, according to which the incidence of
sub-genotype D1 decreases from 45% in the European
part of Russia to 12% in the Far Eastern region [20].
This can be partly explained by the small sample size of
the study. This fact requires further investigation.

The results of the present study showed that HCV
subtype 1b was most prevalent among the examined
patients in Khabarovsk, detected by phylogenetic anal-
ysis in 58.5% of cases, while the prevalence of subtype
3a (45.0%) was recorded in the Nanai district of the
Khabarovsk Krai.

Phylogenetic analysis of the NS5B region of
HCV performed for 53 investigated blood samples of
Khabarovsk residents initially typed in PCR present-
ed the following ratio of subtypes: 1b — 31 (58.5%;
95% CI 45.2-71.4%), 3a — 13 (24.5%; 95% CI 14.0—
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37.0%), 2a — 7 (13.2%; CI 5.5-23.5%), with subtypes
la and 2c¢ (1.9%) identified in isolated cases. Accord-
ing to the results of the phylogenetic analysis, isolate
No. 57, untyped by conventional PCR, could be at-
tributed to subtype 1a.

In summary, the obtained data on the circulation
of HBV and HCV genetic variants among Khabarovsk
residents are consistent with the data of other research-
ers on the predominance of HBV genotype D and HCV
subtypes 1b and 3a in Russia.

It should be noted the importance of regular up-
dating of information on genotypes/subtypes of hep-
atitis viruses detected in the subjects of the Russian
Federation in the international (GenBank) and Russian
(VGARus) databases. This will significantly expand
the opportunities for molecular genetic monitoring for
circulating genetic variants of viruses in a particular
territory, as well as for analyzing the incidence of these
infections in Russia as a whole, which may ultimately
strengthen the effectiveness of epidemiologic surveil-
lance of viral hepatitis. Furthermore, thanks to the use
of modern molecular biological diagnostic methods and
phylogenetic analysis, it has become possible to predict
the development of unfavorable trends in the epidemio-
logical situation, as well as to confirm or deny the pres-
ence of an epidemiological link between the suspected
source of HCV or HBV and the diseased when investi-

gating the fact of intra-family infection, group diseases,
cases of nosocomial infection or occupational exposure
to viral hepatitis.

Conclusion

Despite the decrease in cases of detection of acute
forms of parenteral viral hepatitis in the Khabarovsk
Krai, the registration of chronic viral hepatitis re-
mains at a high level. The most unfavorable situation
with the incidence of chronic hepatitis B and C in the
Khabarovsk Krai is observed in Khabarovsk.

The study of genetic diversity of HBV and HCV
viruses in Khabarovsk revealed the circulation of two
HBYV genotypes: D and A. Among the samples studied,
HBYV genotype D was detected in 88.2% of cases and
is represented by sub-genotypes D1 and D2. Subtype
A accounted for 11.8%. Molecular genetic study of
HCV circulating in Khabarovsk revealed circulation
of subtypes 1b, la, 3a, 2a, 2¢ with predominance of
subtype 1b.

When analyzing the nucleotide sequences of the
P-gene region of HBV, no major antiviral drug resis-
tance mutations were detected.

In general, the results of the molecular genetic
study conducted in Khabarovsk can significantly sup-
plement the existing ideas about the circulation of HBV
and HCV genetic variants on the territory of Russia.
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