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Abstract

Introduction. Carbapenemase-producing Klebsiella pneumoniae (CP-Kp), which are international high-risk
clones, have become a problem of utmost importance. CP-Kps, adapting to the hospital environment, evolve
into convergent pathotypes. Such variants combine traits of two genetic lineages: multidrug resistant (MDR) and
hypervirulent. The pathotypes, along with MDR K. pneumoniae, pose an exceptional threat to young patients
during systemic infection.

The objective of this study is the detailed molecular genetic analysis of MDR isolates of K. pneumoniae detected
during the monitoring of resistant Gram-negative bacteria at the National Medical Research Center for Children’s
Health in 2014-2021.

Materials and methods. Whole-genome sequencing with a subsequent bioinformatics analysis of eight MDR
isolates from the bloodstream and cerebrospinal fluid.

Results. MDR isolates belonged to 4 sublineages (SL): SL307, SL395, SL29 and SL1198. In the genomes of 6
pangrug-resistant (PDR) isolates, genes associated with resistance to all categories of antibiotics recommended
for Enterobacteriaceae therapy were identified. Plasmids were present in all genomes. In 6 isolates, plasmids
contained heavy metal ion resistance operons in addition to antibiotic resistance genes. Prophages within the
plasmids were also involved in the transfer of resistance genes. The ST395 isolate from the cerebrospinal fluid
belonged to the convergent pathotype in terms of resistance and virulence. Comparison of genomes within SLs
revealed recombination events in the K- and O-locus regions and the Yersiniabactin operon.

Conclusion. Thus, in a sample of resistant K. pneumoniae isolated from bloodstream and cerebrospinal fluid, 6
PDR isolates were detected, one of which belongs to the convergent pathotype ST395.

Keywords: Klebsiella pneumoniae, whole genome sequencing, cabapenem resistance, extended-spectrum
beta-lactamases, multidrug resistance, virulence, plasmids, prophages
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[eHOMHble 0CO6EHHOCTYN Pe3NCTEHTHbIX N30NATOB
Klebsiella pneumoniae, BbigeneHHbIX N3 KPOBAHOIO
pycna n "MKBopa NayneHToB AEeTCKOro CTaloHapa

BopoHunHa OJ1.", Kynaa M.C.", PbixkoBa H.H.'!, AkceHoBa E.W.', CapeeBa 3.3.2,
HosukoBa W.E.?, JlazapeBa A.B.?, KapaceBa 0.B.>*, ®uceHko A.I.2, TnHu6ypr AJ1.

"HaumoHanbHbIN NCCeaoBaTENbCKMIA LIEHTP NNAEMUOSIOTN U MUKPOOBMONOM N MMEHN NMOYETHOMO
akagemunka H.®. lamanen, Mocksa, Poccus;

2HauunoHanbHbI MeQULNHCKU NCCnefqoBaTeNbCKMi LLEeHTpP 340p0oBbsA aetel, MockBa, Poccus;
3HayuHo-uccnefoBaTenbCKUn MHCTUTYT HEOTIIOKHOM AETCKON XMpyprum 1 Tpasmatonoruun, Mocksa, Poccus

AHHOMauus

BeepeHue. Klebsiella pneumoniae, npogyunpytoLLme kapbaneHemasbl U OTHOCALLMECS K MEXAYHAPOAHbLIM KO-
HaMm ocoboro pucka, aganTupysck K YCNOBMUAM CTauMoHapa, 3BONIOLMOHMPYIOT B KOHBEPreHTHbIe naTtoTunbl. Ta-
Kve BapuaHTbl COMEeTaloT NPU3HAKN ABYX reHEeTUYECKUX NINHUI: MHOXECTBEHHO pe3ncteHTHon (MDR) n runepsum-
pyneHTHoW. MNaTtoTunel, Hapsay ¢ MDR K. pneumoniae, npy cMCTEMHON MHbeKLnM NpeacTaBnsioT 0cobyto yrposy
AN NauMeHToB paHHero Bo3pacrTa.

Uenb uccnegoBaHus — nogpobHbIA MONeKynsipHo-reHeTnyeckun aHanua MDR-usonstoB K. pneumoniae,
BbISIBMIEHHbIX MPU MOHUTOPUHIE PE3UCTEHTHbIX rpamoTpuuatensHbix 6aktepun B HMWL, 3gopoBbs geten
B 2014-2021 rr.

Martepuanbi u MeTtoabl. [IpoBegeHO NOMHOreHOMHOE CEKBEHMPOBaHWE C MOoCneayLwmMM 6ronHMOoOpMaLOHHbIM
aHanu3om 8 MDR-130naT0B 13 KpOBW 1 NINKBOPA.

Pesynbratbl. MDR-130onatbl otHocunucb k 4 cybnunuam (SL): SL307, SL395, SL29 n SL1198. B reHomax
6 naH-pesncTeHTHbIX (PDR) n30nsToB BbISBUMM FeHbl YCTONYMBOCTU KO BCEM KaTeropusiM aHTMOUOTUKOB, pe-
KOMeHAOBaHHbIX Anga Tepanun Enterobacteriaceae. MNna3mnabl, NpUCyTCTBOBaBLUME BO BCEX reHOMax, NOMUMO
reHoB aHTUBMOTUKOPE3NCTEHTHOCTU, B 6 M30MaTax cogepXKanu onepoHbl YCTOMYMBOCTU K MOHAM TSXKENbIX Me-
TannoB. B nepeHoce reHoB pe3nMCTEHTHOCTU y4acTBOBanM Takke npodarv B coctaee nnasmug. N3onat ST395
13 NIMKBOPA MO rnoka3aTensiM Pe3MCTEHTHOCTY U BUPYNEHTHOCTM OTHOCUIICS K KOHBEPreHTHOMY naTtoTuny. Cono-
CTaBneHne reHOMOB BHYTPM SLs BbISABIO pekoMOUHaLMOHHbIE cobbiTus B obnacTax K- n O-nokycos 1 onepoHa
nepcuHnabakTuHa.

3akntoveHue. B BbiGopke pe3ancTeHTHbIX N30nAToB K. pneumoniae, BblAENEHHbIX U3 KPOBOTOKA U Nvkeopa, 06-
Hapyxunu 6 nsonsto PDR, oanH 13 KOTOPbIX OTHOCUTCS K KOHBEPreHTHoMy natotuny ST395.

KnroueBble cnoBa: Klebsiella pneumoniae, rnosiHoeeHOMHOE ceKkgeHuposaHue, ycmolyugsocmb K KapbarneHe-
mam, bema-nakmama3sbl pacuupeHHo20 criekmpa Oelicmeus, MHOXecmeeHHas ycmol4ueocmb K aHmubuomu-
Kam, supyneHmHocms, nnasmudsl, npogasu

Amuyeckoe ymeepxdeHue. VccrnenoBaHne NpoBOAUIIOCH MpY AOGPOBONBHOM MHDOPMUPOBAHHOM COFflacumn naum-
E€HTOB M UX 3aKOHHbIX NpeacTaBuTenen. Mpotokon nccrnegosaHms ogobpeH JlokanbHbIM 3Tu4eckum kommtetom HMALL
3pnopoBbs geten (npotokon Ne 5a ot 02.06.2022).

UcmoyHuk c¢hunaHcuposaHusi. Pabota BbiNonHeHa npu uHaHcOBOW nopaepxke [OCynapCTBEHHOro 3apaHvs
HULUOM um. H.®. Namaneu u lNocygapcteeHHoro 3agaHusa HMUWL, 3gopoBbs geTen.

KoHebsiukm uHmepecoe. ABTOPbI AEKNapUPYT OTCYTCTBUE SIBHBIX M MOTEHLUMANbHbIX KOH(IIMKTOB MHTEPECOB, CBS-
3aHHbIX C Nybnukaumen HacTosILLEeN cTaTbu.

Ansi yumupoeaHus: BopoHuHa O.J1., KyHga M.C., PeixoBa H.H., AkceHoBa E.U., Capeesa 3.3., HosukoBa U.E.,
IlazapeBa A.B., KapaceBa O.B., ®ucenko A.T., MHuBypr A.Jl. TeHOMHble 0COBEHHOCTU PE3UCTEHTHbIX WU30MNATOB
Klebsiella pneumoniae, BblAeNeHHbIX 13 KPOBSAHOIO pycra 1 NIMKBOpa NauneHTOB AETCKOro crauvoHapa. XKypHan mu-
Kkpobuonoauu, anudemuonoauu u ummyHobuonoauu. 2023;100(6):399-409.
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Introduction

[0]
Q
Klebsiella pneumoniae occupies the leading posi- é é © o o o o o
tion among the Enterobacteriaceae causing nosocomial 23
infections in Russia [1]. A concerning problem is the x
growing proportion of carbapenem-resistant (carbap- °
enemase-producing, CP-Kp) K. pneumoniae and the g 2 e 4 e e -~
identification of isolates with carbapenemase genes of 23
different classes (A, B, D) simultaneously present in >
their genomes [1]. According to the data of 2020, CP- Q o 8 o o o
Kp in Russia belonged to clonal groups (CG) CG395, = § Y § 08 8 0o
CG11, CG147, and CG307 [1], which are classified as ° ©
international high-risk clones. CP-Kp ST395 prevail g % 2] E 2 o o % E
in bloodstream infections in patients with hematologic ° 5223 38 228
o 5 © 050 > o

malignancies (37.7%) [2], neurosurgery ICU patients
(27.1%) [3], causing severe systemic infections [4].

e

Q *
During the years 2013 to 2018, the AMRmap — na- ‘éé S €y g s 32
tional antibiotic resistance monitoring system (https:// 2 g ¥ ¥ ¥ ¥xx
AMRmap.ru) — identified 108 CP-Kp ST395 isolates <
included in an international genomic study that showed o
the emergence of a convergent pathotype in CG395, = TR a a2 Rgo
combining markers of resistance and hypervirulence 8 - vy

[5]. Convergence of traits of two genetic lineages of

K. prneumonia, being multidrug resistant (MDR) and g e e 6 @ © w
hypervirulent (hvKp), was first reported by Gu et al. 50 3 333223
for isolate ST11 [6]. Starkova et al. studied conver- gg 38839393 3
gent (CP- hvKp) K. pneumonia isolates ST15, ST147, (@)
ST395, ST874, identified in clinics of St. Petersburg, °
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of the NMRC for Children's Health (protocol No. 5a
dated 02.06.2022). The cultures were characterized
by phenotypic multidrug resistance (MDR), extensive
drug resistance (XDR) or pandrug Resistance (PDR)
in relation to the antibiotic categories recommended by
EUCAST for Enterobacteriaceae [11,12], and accord-
ing to the EUCAST criteria [11].

Methods

Cultivation of K. pneumoniae was carried out on
blood and Uri-select agar (BioRad) at 37°C for 24-48
hours. MALDI-TOF mass spectrometer (Bruker Dal-
tonics) was used for identification.

Minimum inhibitory concentrations (MICs) were
determined by microdilution for the following catego-
ries of antimicrobials:

1) Aminoglycosides: gentamicin, tobramycin,
amikacin, netilmicin;

2) Carbapenems: imipenem, meropenem;

3) Extended-spectrum (3 and 4" generation)
cephalosporins: cephalosporin, cefepime;

4) Fluoroquinolones: ciprofloxacin, levofloxacin;

5) Folate metabolism inhibitors: trimethoprim/sul-
famethoxazole;

6) Monobactams: aztreonam;

7) Phosphonic acids: fosfomycin;

8) Polymyxins: colistin (polymyxin E), polymyx-
in B;

9) Penicillins with beta-lactamase inhibitors: ti-
carcillin/clavulanate, piperacillin/tazobactam.

To identify resistance mechanisms and ana-
lyze virulence factors, 8 isolates were examined by
whole-genome sequencing.

DNA was extracted from isolates using a method
described elsewhere [13], supplemented by purification
from polysaccharides using CTAB (cetyltrimethylam-
monium bromide).

DNA libraries were prepared according to the pro-
tocol of Nextera DNA Flex Library Prep (Illumina) and
sequenced on a NextSeq 500/550 instrument (Illumina)
using a "Mid Output 300 cycles" cartridge.

CLC Genomic Workbench v.21.0.1 (Qiagen)
and SPAdes v3.13.0! were used for genome assembly.
CGView Server was used to visualize the results of
replicon assembly and genome comparisons? [14]. An-
notation was performed using Rapid Annotations Sub-
systems Technology [15] and NCBI Prokaryotic Ge-
nome Annotation Pipeline [16]. PHASTER was used to
search for prophage areas® [17]. Results of full-genome
sequencing were deposited in GenBank in bioproject
PRINAS561493 under the numbers shown in Table 1.

! St. Petersburg genome assembler, Russia,
URL: http://cab.spbu.ru/software/spades/
2 CGView Server.
URL: http://stothard.afns.ualberta.ca/cgview_server/
3 PHAge Search Tool Enhanced Release. URL: https://phaster.ca/

ORIGINAL RESEARCHES

Genomic data were analyzed using the resources
of the platform Pathogenwatch v. 21.0.0, which allows
interaction with Kleborate v. 2.2.0° [18], a resource spe-
cifically designed for K. pneumoniae complex research.
Kleborate v. 2.2.0 was used to determine genotype in
the context of MLST (MultiLocus Sequence Typing)
genes, virulence factors: yersiniabactin (ybt), aerobac-
tin (iuc), colibactin (c/b), salmohelin (iro), hypermu-
coidity (rmpA, rmpAZ2), as well as antimicrobial resis-
tance determinants. With reference to the Kaptive site®
[19] alleles of the wzi gene were determined, and K loci
(capsule) and O loci (lipopolysaccharide) were typed.

The criteria developed by Kleborate v. 2.2.0 were
used to assess the level of virulence and resistance.

For virulence:

o level 5 — ybt, iuc, clb;

o level 4 — ybt, iuc;

* level 3 — iuc;

* level 2 — ybt, clb (or only clb);

* level 1 — ybt;

* level 0 — complete absence.

For resistance:

e level 3 — carbapenemases and colistin
resistance;

* level 2 — carbapenemases;

e level 1 — extended-spectrum [-lactamases
without carbapenemases;

e level 0 — absence of extended-spectrum

B-lactamases [18].

The VFDB’ database was used to analyze the
extended spectrum of virulence factors [20]. The web
platform BIGSdb-Pasteur® was accessed to clarify
genotypes for ybt, iuc, clb, as well as for the identifica-
tion of heavy metal ion resistance loci.

A more complete spectrum of resistance genes
was determined using the CARD resource’ [21], as well
as the BV-BRC!?, formed on the basis of PATRIC [22].

PlasmidFinder 2.1" [23] was used to identify in-
compatibility groups (Inc) of plasmid replicons.

Results

685 cultures were isolated from bloodstream and
cerebrospinal fluid during monitoring of drug resistance
of nosocomial isolates of K. pneumoniae, Acineto-

4 Pathogenwatch v. 21.0.0.
URL: https://pathogen.watch/
5 Kleborate v. 2.2.0.
URL: https://github.com/klebgenomics/Kleborate/wiki
Kaptive. URL: https://kaptive-web.erc.monash.edu/
7 Virulence factor database. URL: http://www.mgc.ac.cn/VFs/
Institut Pasteur Klebsiella pneumoniae species complex.
URL: https://bigsdb.pasteur.fr/klebsiella/
Comprehensive Antibiotic Resistance Database.
URL: https://card.mcmaster.ca/
10 Bacterial and Viral Bioinformatics Resource Center.
URL: https://www.bv-brc.org/
' PlasmidFinder 2.1.
URL: https://cge.food.dtu.dk/services/PlasmidFinder/

9
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bacter baumannii, Pseudomonas aeruginosa (KAP) in
two multidisciplinary children's hospitals: NMRC for
Children's Health and Research Institute of Emergen-
cy Pediatric Surgery and Traumatology, in 2014-2021,
including 63 (9.2%) isolates of K. pneumoniae. Eight
isolates presented in Table 1 were resistant to multiple
categories of antibiotics. Isolates from patients P§-P12
and P18 were PDR according to MIC data for all 9 anti-
biotic categories. Two K. pneumoniae isolated 3 weeks
apart from patient P17 were examined. Both isolates
were sensitive to fluoroquinolones (to levofloxacin at
increased exposure) (Table 2). The first isolate by time
of isolation was also sensitive to folate metabolism in-
hibitors and even showed an MIC against polymyxin
B corresponding to a borderline resistance value. Thus,
the former isolate can be recognized as MDR and the
latter as XDR.

Out of the 8 isolates, 7 were isolated from the
bloodstream and 1 (P8) was isolated from cerebrospinal
fluid. Patients, with the exception of P12 (8 years old),
were under 1 year of age, predominantly had genetical-
ly determined diseases resulting in malformations re-
quiring surgical intervention. P8 had severe combined
trauma, P12 had systemic vasculitis accompanied by
hemolytic-uremic syndrome. Fatal outcome was re-
corded in 2 cases (P10 and P12).

The main characteristics of resistant isolates. All
8 isolates belonged to phylogroup Kpl and were sub-
divided into 4 sublineages (SL) (Table 1), 2 of which
(307 and 395) are among the most represented in noso-
comial K. pneumoniae in Russia [1]. Three sublineages
included one CG each. SL.29 was represented by 2 CGs.
Despite the fact that ST985 differs by one locus (gapA)
allele profile from ST29 (single locus variant, SLV), it
belongs to another clonal group — CG985. It is import-
ant to note that in CG307, ST2975 is also the SLV of
ST307 at the rpoB locus.

The SL29 isolates had the same O-antigen vari-
ant of O1/02v2. The same variant was characteristic of
the ST307 and ST395 P§ isolates. Another ST395 iso-
late (P18) had an O-antigen of O1/02v1. The different
variants of the O-antigen are determined by the mono-

mer constituting the polysaccharide. Variant 1 contains
d-galactan I and variant 2 contains d-galactan III [24].
Thus, even the isolate genomes of the same genotype
may differ in the structure of the operon responsible
for the O-antigen. P17 isolates have their own variant,
03D, but similar to the O1/02 variants, it is prevalent
in isolates causing human diseases [24]. Isolate ST2975
has a new O-antigen, therefore it is named OL102 after
the capsular antigen number.

In contrast, capsular polysaccharides are distinct
in SL29 isolates but identical in ST395 isolates. SL307
isolates have a new KL-type, KL102. Furthermore,
while the capsular operon in isolate ST2975 is fully
represented, the ST307 genome contains only the full-
length ¢psACP among the genes at the 5'-end of the
operon (galF, cpsACP, wzi, wza, wzb, wzc). The galF
gene is a pseudogene, and 4 other genes, as well as the
following wbaP, are missing. The wbaP gene encodes
a glycosyltransferase that initiates capsular polysaccha-
ride synthesis by transferring galactose-1-phosphate to
the acceptor udeprenyl-phosphate. In the absence of
this enzyme, capsule synthesis is not possible [25]. The
wzi and wza genes are responsible for outer membrane
channel proteins, while the wzc and wzb genes are
regulators of polymerization and transport of capsular
polysaccharides to the surface of the bacterial cell.

The fimbriae operons fimA—fimK (type 1) and mr-
kA-mrk]J (type 3), as well as the type IV pilW pilus
gene were present in the genomes of all isolates.

In order to determine the resistance and viru-
lence of the selected isolates based on genomic data,
we used the quantitative assessments offered by Klebo-
rate v. 2.2.0 [19] (Table 1). The genomes of all isolates
contained the ybt operon, which is located in ICEKp:
ICEKp4 (ybtl0) in CG307 isolates, ICEKp5 (ybtl4)
in ST395 P8 and ST29 isolates, ICEKp12 (ybtl6) in
ST395 P18 and ST985 isolates, and ICEKp15 (ybtl8)
in ST866 isolates.

Most of the isolates had a virulence level of 1. The
ST395 P8 isolate had a level of 4, the highest, because
in addition to ybt, the isolate's genome encodes aero-
bactin (AbST95). Of the additional virulence genes,

Table 2. Comparison of antibiograms of K. pneumoniae ST866 isolates from patient P17 in three categories of antibiotics

MIC, mg/L
Isolate fluoroquinolones folate pathway inhibitors polymyxins
ciprofloxacin levofloxacin trimethoprim/sulfamethoxazole Polymixin B
SCCHB84:Kpn2082401 <0,25 1* 2 2
SCCHB86:Kpn207262 0,5* 1* 16/304 16
Resistance — MIC breakpoints, mg/L 0,5 1 4 2

Note. *The sensitivity at increased exposure; the cells corresponding to the sensitivity of the isolate to the antimicrobial drug are highlighted in

grey.
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peg-344 [26], responsible for drug and metabolite
transporter permease, is present only in the ST395 P8
genome. The hypermucoidity genes rmpA and rmpA2
were not detected in this group of isolates.

The resistance level is the highest in all isolates
(3), because both carbapenemase genes and mutations
in genes (PhoP_26(Q) providing resistance to colistin
(polymyxin E) are present in the genomes [27].

The spectrum of B-lactamase genes in the ge-
nomes of isolates is extensive (Fig. 1). All genomes
contain at least one carbapenemase: OXA-48 (class
D) or NDM-1 (class B, metallo-B-lactamase), and
the ST2975 and ST395 P18 genomes contain both
B-lactamases. NDM-1 is also classified as an extend-
ed-spectrum [-lactamase [28], to which CTX-M-15
and CTX-M-3 (class A) also belong. Only the ST395
P18 isolate did not contain CTX-M lactamase. As far as
the other class A B-lactamases is concerned, the TEM
and SHV lactamases are present in all genomes. The
CMY-6 cephalosporinase (class C) is present in most
genomes; it is absent only in the ST307 and ST395 P8
genomes. However, these genomes have an additional
class D B-lactamase, OXA-1, which is also present in
the ST985 genome. The ST29 genome is distinguished
by the presence of two additional class D p-lactamases,
OXA-10 and OXA-244. Thus, the isolate genomes con-
tain at least 5 genes of B-lactamases of different classes,
while there are 7 genes in the ST29 genome.

ORIGINAL RESEARCHES

Resistance genes to other antibiotic categories
are shown in Fig. 2. A minimum of 6 additional resis-
tance genes were detected in ST866 isolates. Among
them there are no resistance genes to fluoroquinolones
and trimethoprim, which confirms the phenotypic data.
The maximum number of additional genes in isolate
ST395 P8 is 16. Along with isolate ST985 (14 genes),
they have at least one resistance-determining gene for
each category of antibiotics. It is important to note that
only the leading isolates have macrolide resistance genes.

Heavy metal ion resistance genes were found in 6
out of 8 genomes (Fig. 3). These are resistance operons
to arsenic (arsABCDR), copper (pcoABCDERS), silver
(silABCEFGPRS), and tellurium (terABCDEWXYZ).
All 4 operons are present in the ST307 genome, 3 each
in the ST2975 and ST985 genomes, 2 each in ST866,
with only the tellurium resistance operon being present
in the ST395 P8 genome.

Plasmids of resistant isolates. Typically, heavy
metal operons and many resistance genes are present in
plasmids [29]. We estimated the number of Inc plasmid
groups for the genomic data of each isolate (Fig. 4). The
maximum number of Inc was found in isolate ST307
(7) and the minimum in isolates ST985 (1) and ST866
(3). The data confirm the presence of plasmids in the
genomes of all isolates.

The different spectrum of Inc in isolates of the
same ST395 genotype attracts attention. Assembly of
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Fig. 1. Diversity of beta-lactamase genes in the genomes of the studied isolates.
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plasmid replicons of ST395 P8 and ST395 P18 isolates ~ which is cryptic (2 are capable of conjugative transfer).
showed that the ST395 P18 genome contains 5 plas-  The plasmidome of the isolates differed in the num-
mids, 3 of which are capable of conjugative transfer, ber and set of resistance and virulence genes (Fig. 5).
and the ST395 P8 genome contains 4 plasmids, one of  The plasmidome of ST395 P8 was characterized by
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greater number of B-lactamase genes. The plasmidome
of ST395 P18 had more carbapenemase genes, sulfon-
amide and aminoglycoside resistance genes. Thus, the
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Fig. 5. Resistance and virulence genes in K. pneumoniae ST395 plasmids.
Circled are factors that are present only in the plasmids of the ST395 P8 isolate.

plasmidome of ST395 isolates underwent significant

Comparison of the prophages of ST395 isolates
showed differences in these mobile genetic elements
as well. Eight prophages were identified in the ST395
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P8 genome, 7 in the ST395 P18 genome; 5 prophages
were common to the ST395 genomes. However, ST395
P8 plasmids contained twice as many prophages (10)
compared to ST395 P18 plasmids (5). All prophages
had homology with 17 different bacterial phages of
the Caudoviricetes class. The chromosome prophages
each contained 3 holin genes that form pores in the cell
membrane [30], and lysin genes that damage peptido-
glycan: 4 lysozyme genes, ST395 P§, and 5 lysozyme
genes and a membrane-bound lytic transglycosylase D
gene, ST395 P18. CRISPR-Cas (Clustered Regularly
Interspaced Short Palindromic Repeats) systems were
absent in both genomes. At the same time, the analy-
sis of prophage plasmids of ST395 isolates confirmed
the observation that phages could possibly be carriers
of antibiotic resistance genes [31]. The prophages of
plasmids of ST395 P8 isolate contained genes of -lac-
tamases (5), chloramphenicol acetyltransferases (3),
aminoglycoside acetyltransferases (2), dihydrofolate
reductase, streptomycin adenyltransferase, and telluri-
um resistance operon. The plasmid prophages of isolate
ST395 P18, which contained genes for aminoglycoside
acetyltransferases (3), dihydropteroate synthases (2),
B-lactamases TEM and OXA-48, chloramphenicol acet-
yltransferase and 3 SMR (Small multidrug resistance)
efflux transporters, were not inferior to them either.

Discussion

The study revealed a great diversity of MDR K.
pneumoniae genotypes isolated from cerebrospinal flu-
id and bloodstream. According to the data of the Pas-
teur Institute'?, ST307 is the most prevalent worldwide
(1786 isolates, 21 in Russia), followed by ST395 (380,
188 in Russia) and ST29 (255, 2 in Russia), ST985 (48),
ST2975 (29, 12 in Russia), and ST866 (7). Infection
with PDR K. pneumoniae ST29 and ST985 resulted in
fatal outcomes. The systemic infection was detected in
other loci besides the bloodstream in both patients P10,
P12 and patients P9, P11, P17, P18. The infection in Pa-
tient P8 was detected only in the cerebrospinal fluid and
was caused by the most virulent ST395 isolate (level 4).
In terms of resistance (PDR) and virulence, the ST395

12 Institut Pasteur. URL: bigsdb.pasteur.fr/klebsiella

P8 isolate matched the characteristics of the convergent
ST395 pathotype [5]. The study of the isolate plasmids
confirms the transfer of resistance factors (including to
heavy metal ions) and virulence factors by these mobile
genetic elements and prophages within the plasmids.
Comparison of the ST395 P8 and ST395 P18 genomes
reveals evidence of recombination in hot spots charac-
terized by E.R. Shaidullina et al. [S]. The O-antigen,
ICEKp and prophage regions differ among isolates.
Isolate ST395 P18 has ICEKp12 (ybtl6) prevalent in
CG305 and in subclade B1 (KL2KL30) [5], with the
K-locus characterization of the isolate corresponding to
that of the subclade. In the ST395 P8 isolate, ICEKpS
(ybt14) is rare [5] and belongs to subclade A1 (KL.108).
However, the ST395 P8 isolate contains a KL.2 K-lo-
cus, which may be further evidence of recombination
events.

In CG307 isolates, differences in the set of resis-
tance genes are associated with a different plasmid pro-
file. In the chromosome, the isolates contain the same
ICEKp4 (ybt10) regions, but significant differences in
the main recombination hot spot, the K- and O-loci.

In SL29, the isolates are similar only in the O-lo-
cus, have different K-loci, ICEKp, plasmid profile and
resistance gene spectrum. It is important to note that the
single plasmid of isolate ST985 (IncFIB(K)) contains 3
heavy metal ion resistance operons and a large list of
genes that define together with genes of the chromo-
some pandrug-resistance of the isolate.

ST866 isolates, while being the least resistant, are
nevertheless MDR and XDR, carrying plasmids con-
taining 2 operons of resistance to heavy metal ions.

Returning to the actual problem of resistance of
K. pneumoniae to carbapenems, it is necessary to note
the presence of 2 isolates containing 2 carbapenemase
genes each: OXA-48 and NDM-1, in the sample. The
isolates belong to international high-risk clones CG395
and CG307.

Thus, in the sample of resistant isolates of
K. pneumoniae isolated from bloodstream and cerebro-
spinal fluid, 6 PDR isolates were detected, one of which
belongs to the convergent pathotype ST395.
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Abstract

Introduction. Given the unfavorable epidemic situation with chickenpox and shingles in Russia, there is a high
risk of virus introduction and spread in healthcare settings, including among medical staff who are not immune to
varicella zoster virus (VZV).

The objective of this study is to assess the immunity of employees of a multidisciplinary hospital in Moscow to
Vzv.

Materials and methods. A selective screening study was carried out. Venous blood serum samples were taken
from 1546 hospital employees as material for detection of IgG antibodies to VZV antigens using a commercial
solid-phase enzyme immunoassay (ELISA) test system "Vecto VZV-IgG". All employees were questioned to
obtain information about their infectious and vaccine history in relation to VZV.

Results and discussion. Screening for antibodies to VZV in the hospital workers revealed that 6.3% of those
workers are not immune to VZV. The proportion of seronegative individuals was the highest (12.6 £ 2.4%) in the
age group of 29 years and younger. VZV seronegative healthcare workers were found in various departments, but
the presence of non-immune individuals among the staff of the obstetrics and gynecology departments (6.5%) is
of epidemiologic concern. The results of the survey showed that documented data on infection and vaccination
history cannot be used to assess the protection of healthcare workers against VZV infection.

Conclusion. The results of serologic screening for antibodies to VZV made it possible to identify a significant
number of susceptible employees of the multidisciplinary hospital. In order to prevent the formation of multiple
epidemic foci of varicella in medical organizations, it is advisable to include anti-VZV testing of medical staff in the
state prevention programs with subsequent vaccination of non-immune individuals.

Keywords: varicella, chickenpox, immunity, healthcare workers, serosurveillance, preventive vaccination
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Pe3synbraTbl CKpUHUHIa Ha aHTUTENa K BUPYCY BEeTPAHOM OCNbl
Yy MeAULIMHCKNX Pa60THMKOB MHOronpo¢uibHOro
ctaymoHapa MockKBbl

AdoHuHa H.M.", MuxeeBa U.B."™, KopabenbHukosa M.W.", PognoHosa 3.C.', CHuyapb A.B.23,
MNepexopos C.H.3, CmeTtaHuHa C.B.2, TytenbaH A.B.", KyanH C.H.!, AKuMKkuH B.T.

'LleHTpanbHbI HayYHO-MCCIeAoBaTeNbCKUA UHCTUTYT anugemunonorum PocnotpebHaasopa, Mocksa, Poccus;
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3MOCKOBCKUI rocyiapCTBEHHDBIN MeQUKO-CTOMATONOrMuecknin yHmsepcutet nmenmn A, EBgokumoBsa, Mocksa, Poccus

AHHOMauus

BBepeHue. B ycnosusx Hebrnaronony4yHon anMaeMmMyeckon CUTyaLuu Nno BETPSIHOW OCMe U OnosiChbiBatoLLeMY
nuwato B Poccum B MEAMLIMHCKUX OpraHn3aumsix CyLLecTByeT BbICOKWI PUCK 3aHOCa BMpYCa W ero pacnpocTpaHe-
HWS, B TOM YMCre Cpean HEMMMYHHOTO K BUpYCY BeTpsHow ocnbl (VZV) megnumHCcKoro nepcoHana.

Llenb uccnegoBaHus — oOLEHKa MMMYHOCTPYKTYPbl pabOTHMKOB MHOrONpogunbHOro ctaumoHapa Mocksbl
k VZV.

Matepuansbi u Metoabl. [1poBegeHo BbIGOPOYHOE CKPUHMHIOBOE uccregoBaHne. Martepvanamu ans mnccne-
[0BaHUs MeTo4oM TBEpAOda3HOro MMYHOEPMEHTHOrO aHanu3a C BbISIBIIEHNEM CMeLndUYecknx aHTuTen K
aHTureHam VZV IgG ¢ ncnonb3oBaHNeEM KOMMEPYECKO MMMYHO(epMeHTHON TecT-cnctembl «Bekto VZV-IgG»
ABNANMCb 0bpasLbl CbIBOPOTKM BEHO3HOW KpoBu 1546 paboTHWMKOB MHOronpodunbHoro crauuoHapa MockBbl.
[MpoBeaeHo aHkeTMpoBaHWE BCEX COTPYAHMKOB AN nonyveHns nHdopMaumnm 06 MHPEKLMOHHOM 1 BaKLUHanNb-
HOM aHaMHese B OTHoweHun VZV.

PesynbraTtbl n o6cyxaeHne. CKpUHWMHT Ha aHTuTena K VZV'y MmeguumMHCKMX paboTHUKOB MHOronpounbHOro
cTaumoHapa BbISBUN Hanuune 6,3% HEeUMMYHHbIX K BUPYCY BETPsSHOW ocnbl. B BospacTHow rpynne go 29 net
BKITHOYUTENBHO YAENbHBIA BEC CEPOHEraTMBHbLIX Nuy, 6bin Hanbonbwmm (12,6 + 2,4%). CepoHeraTuBHble kK VZV
MeapaboTHVKM BbISIBNEHbI B OTAENEHUAX Pa3HOro nNpodund, ogHaKo aNUAEMMONOrMYecKyo HAaCTOPOXKEHHOCTb
BbI3bIBAET HaNMyYMe HEMMMYHHbIX NUL, CPean COTPYAHWUKOB aKyLLEepPCKO-TMHEKONornyeckmx otaeneHuni (6,5%).
Pesynerathl onpoca nokasanu, YTo AOKYMEHTanbHO He NOATBEPXAEHHble AaHHble MHMEKLMOHHOIO U MpUBK-
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Introduction

Despite significant advances in infection control at
healthcare organizations (HCOs) through a wide range
of sanitary and epidemiological measures and preven-
tive vaccination, infectious diseases still pose a serious
threat to patients and healthcare staff. In this regard,
attention should be focused on HCO employees who
have not previously contracted vaccine-preventable
diseases and have not been vaccinated before entering
the workplace, as they are at risk of infection and sub-
sequently at risk of becoming a source of the pathogen
for susceptible seronegative patients [1].

In Russia, the most widespread infectious diseases
(apart from acute respiratory viral infections) are dis-
eases caused by Varicella zoster virus (VZV) — chick-
enpox and shingles. In 2022, more than 648,000 cases
of chickenpox and 16,680 cases of shingles were regis-
tered in the country. Children account for the majority
of cases of chickenpox (95.6%), and adults account for
91.5% of the age structure of patients with shingles [2].

In the current epidemic situation in the HCO, there
is a high risk of VZV entry and spread, including among
medical staff who are non-immune to VZV.

There are no precise statistical data on the fre-
quency of hospitalization of chickenpox and shingles
patients in Russia. At the same time, when studying
the frequency of hospitalization of herpesvirus patients
in the Moscow Infectious Diseases Clinical Hospital
No. 1 for the years 2010-2021, the predominance of
hospitalized VZV-infected adults was established: 5162
adults with VZV (4705 — diagnosed with shingles and
357 — with chickenpox) [3] and 226 children (196 —
diagnosed with chickenpox and 30 — with shingles)
were hospitalized during the studied period [4].

Foreign literature has published data that the cir-
culation of VZV in pediatric HCOs is decreasing due
to the infrequent hospitalization of children for chick-
enpox due to routine preventive vaccination for chick-
enpox in the pediatric population [5]. However, VZV is
actively circulating in adult HCOs and the source of the
pathogen is predominantly patients with shingles [6-9].
Due to erroneous stereotypical beliefs that chickenpox
is predominantly a pediatric disease and infection is on-
ly spread from chickenpox patients, those with shingles
are often overlooked as VZV sources. For this reason,
the risks of infection and spread of chickenpox in adult
HCOs are underestimated.

Chickenpox in patients with hospital-acquired
infections is characterized by high intensity of spread,
aggravation of the course and development of compli-
cations [10]. Foreign authors have noted that outbreaks
of chickenpox in hospitalized patients are associated
not only with severe consequences for patients, but also
with a significant financial burden for the hospital, as
well as with lawsuits from exposed patients [11, 12].

In this regard, it is extremely important to exclude
the possibility of spreading chickenpox among non-im-
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mune medical staff, therefore, immunization against
chickenpox in a number of countries is regulated for
seronegative employees [13, 14].

In Russia, despite the unfavorable epidemic situa-
tion with chickenpox and shingles, healthcare workers
do not undergo mandatory serological testing for anti-
bodies to VZV with subsequent vaccination of non-im-
mune workers and there is no data on the immunity to
the chickenpox pathogen in this group of the increased
occupational risk of infection.

At the same time, the World Health Organiza-
tion recommends immunization against chickenpox in
non-immune healthcare workers [15].

Taking into account the relevance of the problem,
a study was conducted to assess the immunity of em-
ployees of a multidisciplinary hospital in Moscow to
VZzv.

Materials and methods

A selective screening study was conducted. In the
year 2021, venous blood serum samples were taken
from 1546 hospital employees of one of the multidisci-
plinary hospitals in Moscow as material for this study.
All employees gave voluntary informed written con-
sent to participate in the study. The study protocol was
approved by the Ethical Committee of the Central Re-
search Institute of Epidemiology of Rospotrebnadzor
(protocol No. 114 of 22.04.2021). The socio-demo-
graphic characteristics of the clinical study group are
presented in Table 1.

The qualitative detection of IgG antibodies to
VZV antigens was performed using a commercial
solid-phase enzyme-linked immunosorbent assay
(ELISA) test system "Vecto VZV-IgG". The testing was
performed according to the screening method in a sin-
gle dilution (1 : 100) of serum samples. In accordance

Table 1. Characteristics of the studied group (n = 1546)

Number of respondents

Parameter
abs. %
Sex women 1338 86,5
men 208 13,5
Age, years <29 190 12,3
30-39 350 22,6
40-49 413 26,7
50-59 372 241
> 60 221 14,3
Work experience, <10 454 29,3
years 10-20 360 234
20-30 309 19,9
>30 304 19,7
not indicated 119 7,7
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with the instructions to the test system, the obtained
results were interpreted as positive or negative when
correlating the testing results to the manufacturer’s
standard panel with or without IgG antibodies to VZV.

The study also included a questionnaire survey of
all employees to obtain information on infection and
vaccine history related to VZV.

Confidence intervals with a significance level of
95% were calculated to assess the statistical signifi-
cance of differences in relative indices. Graphical pro-
cessing of the data was performed using the MS Excel
program.

Results

Among the staff of a multidisciplinary hospital in
Moscow, 1448 (93.4%) employees immune to VZV and
98 (6.3%) employees without antibodies to VZV were
identified.

The proportion of seronegative individuals among
women and men was almost the same: among women —
6.7+ 1.4% (n = 89), among men — 4.3 £ 0.7% (n =9),
the difference of indicators was statistically unreliable
(t=1.6; p<0.05).

The analysis of the VZV immunity level by age
groups showed that in the group up to 29 years of age,
every 8th hospital employee lacked the antibodies to
VZV (24 out of 190), and in the age group over 30 years
of age, it was every 18th employee (74 out of 1356).

The proportion of VZV seropositive healthcare
workers in the age group of 30 years and older was
94.5 + 0.6%, which was significantly higher than in the
group of young healthcare workers up to 29 years of
age (87.4 £ 2.4%; t = 2.7; p < 0.05). Within the age
group of 30 years and older, seropositivity rates had no
statistically significant differences (Fig. 1).
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The results of the study indicate a higher proba-
bility of chickenpox in young specialists compared to
older medical workers.

In order to assess the risk of infection of seronega-
tive individuals during the work period in the HCO, the
immunity was assessed in groups of staff, depending on
the years of service in the specialty.

In the groups of hospital staff with less than 10 and
up to 20 years of service in the HCO, the proportion of
individuals without antibodies to VZV was higher than
among staff with 20-30 and more than 30 years of ser-
vice: 6.4+ 1.1 and 8.3 £ 1.5% vs. 3.9+ 1.1 and 4.3 £
1.2%, respectively (p < 0.05; Fig. 2).

VZV seronegative healthcare workers were found
in all hospital departments. The immunity to VZV in
different departments ranged from 92.7% in surgical
departments to 95.0% in the outpatient center and other
departments. Statistical processing of the results showed
that there was no significant difference between the pro-
portion of seronegative/seropositive workers in different
hospital departments (p < 0.05; Table 2; Fig. 3).

In this study, the infectious history of healthcare
workers and vaccination history related to chickenpox
were studied. Due to the lack of documents confirming
the fact of disease or vaccination (chickenpox recov-
ery and immunization certificates), the assessment was
based on a questionnaire survey of healthcare workers
(1546 respondents).

About 40% of health workers (604 respondents)
reported that they had previously experienced chick-
enpox, 42% (666 respondents) did not know about
their infection and vaccination history, and 18% (276)
considered themselves vaccinated against chickenpox.
Employees of the therapeutic, obstetrics and gyneco-
logy departments considered themselves vaccinated
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Fig. 1. The proportion of VZV seropositive cases in different age groups of healthcare workers of a multidisciplinary hospital
in Moscow.
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% Comparison of the questionnaire data with the

12 - results of serologic screening showed that 1.3 + 0.5%
83 of individuals without antibodies to VZV were found

10 - : among healthcare workers who considered themselves
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Fig. 2. The proportion of VZV seronegative healthcare
workers of a multidisciplinary hospital in Moscow, depending
on the years of service.

in a significantly lower proportion of cases (7.0% and
4.8%, respectively) compared to employees of other
departments (19.3% in surgical departments, 42.9% in
diagnostic departments, 33% in administrative depart-
ments, and 41.6% in other departments); the differenc-
es were statistically significant (p < 0.05). Taking into
account the absence of vaccination against chickenpox
in the National Immunization Calendar of Russia, as
well as insignificant volumes of vaccination against this
infection by epidemic indications, the adequacy of the
obtained employee questionnaire results regarding pre-
vious vaccination against chickenpox is questionable.
The unreliability of the vaccination history was indi-
rectly confirmed by the almost identical proportion of
seronegative individuals among the supposedly vacci-
nated and those with an unknown history: 8.7 + 1.7 and
9.9 + 1.2%, respectively (t = 0.6; p < 0.05).

to have been previously infected with chickenpox,
while 6.5 times more seronegative persons were found
among those who reported being vaccinated against
chickenpox (8.7 = 1.7%; t=4.1; p < 0.05; Table 3).

Discussion

Screening for antibodies to VZV in medical work-
ers of a multidisciplinary hospital revealed a high pro-
portion of seropositive individuals (93.7%). Taking into
account that the study involved individuals of a certain
vulnerable population group (employees of the HCO),
we did not extrapolate the results of the screening to the
adult population of the country. At the same time, the
obtained result is comparable with the data of popula-
tion studies on assessment of immunity to V'Z)V in Euro-
pean countries, indicating that more than 90% of adults
in most of them are VZJV seropositive. At the same
time, the level of adult seropositivity is higher than in
most Asian countries with warmer climates (India —
68.2%, Turkey — 77.8%, Thailand — 61.4%, Iran —
78.5%, etc.) [16].

Despite the high level of herd immunity to VZV
identified in this study, the probability of infection of
healthcare workers in the event of the pathogen intro-
duction was shown: 98 medical staff did not have im-
munity to VZV. At the same time, in the case of chick-
enpox infection, medical staff may become a source of
the infection for weakened in-patients, whose chicken-
pox is extremely severe.

The probability of VZV infection spread and the
formation of multiple foci of VZV infection among
the staff and patients of multidisciplinary hospitals is
proved by the results of an assessment of the nosoco-
mial incidence of chickenpox infection in the Moscow
HCO [17, 18].

Table 2. Results of serological testing for antibodies to VZV of healthcare workers in various departments of a multidisciplinary

hospital in Moscow

Number of examined persons

Department profile

of which seronegative of which seroposive

total

abs. % (P £ mp) abs. % (P £ mp)
Surgical 450 33 73+1,2 417 92,7+1,2
Obstetrics and gynecology 186 12 6,5+1,8 174 935+1,8
Therapeutical 499 31 6,2+1,1 468 93,8 +1,1
Diagnostic 133 8 6,0+2,1 125 94,0+ 2,1
Administrative and economic 97 52+22 92 94,8 +2,2
Outpatient clinic center 80 4 5024 86 95024
Other (reception, narcological, etc.) 101 5022 96 95,0+2,2
Total 1546 98 6,3 1448 93,4
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Fig. 3. The proportion of VZV seropositive healthcare workers in various departments of a multidisciplinary hospital
in Moscow.

The risk of VZV entry into non-infectious adult
hospitals is evidenced by the data on the frequency of
hospitalization of patients with shingles, which are the
sources of the chickenpox pathogen. In particular, our
earlier epidemiological study showed that in Moscow,
30% of all patients with shingles (more than 300 peo-
ple annually) were admitted to hospitals, and in the vast
majority of cases, admitted to non-infectious wards [17].

The results obtained, which demonstrated that
there was no statistically significant difference in the
proportion of seronegative/seropositive individuals
among women and men in the studied cohort, are con-
sistent with the literature data that chickenpox occurs
with equal frequency in males and females [19], as well
as with the results of serologic studies indicating that
there is no difference in the proportion of VZV seropos-
itive cases among individuals of different sexes [16].

The study of the immunity by age groups, which
showed that the proportion of VZV seropositive in-

dividuals in the age group up to 29 years of age was
significantly lower than among medical staff 30 years
and older (87.4 = 2.7 vs. 94.5 + 0.6%), confirmed the
previously published serosurvey data on the increase
in the proportion of VZV seropositive individuals with
age [16, 20]. Comparable results were also obtained in
2014 when studying the immunity of the Moscow pop-
ulation to VZV: among adults of childbearing age aged
20-29 years, the proportion of seropositive individuals
was 88.2 £ 5.5% [21].

The data obtained objectively indicate the pres-
ence of a higher probability of chickenpox disease in
young hospital staff compared to healthcare workers
from older age groups. However, taking into account
the age structure of the hospital staff, in which the pro-
portion of persons aged 30 years and older was more
than 87% (Table 1), the number of persons without de-
tectable antibodies to VZV among mature-age persons
was significant in absolute terms: 74 out of 98 non-im-

Table 3. Results of serological screening of medical workers with various infectious and vaccine histories regarding

chickenpox based on the results of a questionnaire

Number of respondents

Anamnesis based on the results of the questionnaire

of which seronegative

total
abs. % (P + mp)
Have had chickenpox before 604 8 1,3+£0,5
Consider themselves vaccinated against chickenpox 276 24 8,717
Have no information 666 66 99+1,2
Total 1546 98 6,3
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mune persons detected. Therefore, when conducting
anti-epidemic measures in case of chickenpox intro-
duction into the hospital from the groups at risk of dis-
ease development, medical workers of older age groups
cannot be excluded.

Working in a non-infectious HCO is itself a factor
of increased risk of contact with a patient with inap-
parent or latent VZV infection. However, data from this
study has shown that many years of service in the HCO
is not a definite evidence of post-infection immunity to
chickenpox infection, because among the employees
with more than 20 years of service there were found
persons without antibodies to the chickenpox pathogen.

When studying the immunity of healthcare work-
ers of different departments of a multidisciplinary hos-
pital, approximately the same proportion of employees
immune to VZV was established. At the same time, it is
known that the probability of VZV introduction is high-
er in those departments of a multidisciplinary hospital
where patients with clinical manifestations characteris-
tic of shingles are hospitalized. The most frequent com-
plications of shingles requiring hospitalization of pa-
tients are post-herpetic neuralgia, bacterial infections,
eye damage, neurological complications and general-
ization of infection. Moreover, among elderly individu-
als with shingles, the incidence of hospitalization is in-
creasing annually [20]. Thus, the risks of VZV infection
are higher in wards with a high proportion of elderly
patients (therapeutic and neurological wards), as well
as in wards and hospitals with long stays of debilitated
patients (psychiatric and phthisiatric wards).

The presence of non-immune staff in obstetrics
and gynecology departments (12 people; 6.5%), where
the risk of chickenpox outbreaks is associated with the
risk of infection of pregnant women and newborns,
should be of particular epidemiologic concern.

In a study conducted in Poland, which included
questionnaires and serologic screening for IgG antibod-
ies to VZV of 524 physicians, midwives, and nurses in
maternity, neonatal and pediatric units, 14.7% of poten-
tially seronegative healthcare workers were identified,
which was twice as high as in our study [22]. We as-
sume that this is due to different methods of assessing
the state of humoral immunity: in our study, only qual-
itative assessment (positive or negative for IgG antibo-
dies to VZV) was performed and the level of immunity
was not taken into account. However, in the study de-
scribed above, quantitative assessment was performed
and employees with a concentration of specific IgG
antibodies > 5 IU/mL were classified as seropositive
individuals [22]. Thus, the influence on the results of
serologic screening of the selected methodology of an-
tibody detection and sensitivity of the employed ELISA
test systems should be taken into account.

Comparison of the questionnaire data of medical
staff conducted within the framework of the present
study with the results of serologic screening shows the
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unreliability of the anamnestic data not supported by
documents. This is demonstrated both by the almost
equal percentage of seronegative persons among those
supposedly vaccinated and those with unknown histo-
ry, and by the detection of seronegative persons in the
group of those who had been previously infected.

We believe that the information on previous vacci-
nation against chickenpox obtained during the employ-
ee questionnaire does not reflect the true situation, since
the National Immunization Calendar of Russia does not
provide for routine vaccination against chickenpox, and
vaccinations against this infection have been carried out
since 2013 to a very limited contingent of risk groups,
not including healthcare workers. It is likely that some
employees may mistakenly believe that they have been
immunized against chickenpox without documentation
of their preventive vaccinations. However, this may
indirectly indicate a lack of competence of healthcare
professionals in the field of immunoprophylaxis of in-
fectious diseases.

Previous studies have shown that, due to the pos-
sibility of an inapparent course of chickenpox, the ab-
sence of a history of chickenpox is not necessarily asso-
ciated with the absence of IgG antibodies to VZV [21],
and the presence of this infection in the history does
not guarantee the presence of antibodies due to possible
clinical diagnostic errors in the absence of laboratory
confirmation of the diagnosis [21, 22].

Thus, in the course of the questionnaire survey it
was demonstrated that medical workers are not always
able to present their reliable infection and vaccination
history, and its objective confirmation can be obtained
only by testing for antibodies to VZV.

In the absence of routine vaccine prophylaxis to
prevent nosocomial spread of infection, it seems rea-
sonable to organize serological monitoring of immunity
to VZV through a single test (screening) of all employ-
ees, and in the future, on a regular basis, to conduct
serological examination only of persons newly hired to
work in the HCO. Detected seronegative persons should
be vaccinated against chickenpox regardless of age.
Such an approach will significantly reduce the costs of
anti-epidemic measures in case of VZV introduction in-
to the HCO, as well as reduce the risk of pathogen entry
due to the disease of employees.

Immunization against chickenpox, recommended
by WHO since the 1990s, is the gold standard for chick-
enpox prophylaxis. Currently, WHO recommends im-
munization against chickenpox for all healthcare work-
ers who are not immune to VZV, but if it is not econom-
ically feasible, only staff in obstetrics and gynecology
departments may be immunized, because chickenpox
poses a serious threat to maternal, fetal and neonatal
health and because of the fact that post-exposure immu-
nization of pregnant women is not possible [15].

In the European region, 13 countries recommend
immunization against chickenpox for healthcare work-
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ers who have not been serologically tested for antibod-
ies to VZI.

In the United States, all healthcare staff should
have documented immunity to V'ZV, as evidenced by ei-
ther double immunization against chickenpox, the pres-
ence of antibodies to VZV, or a physician-confirmed
history of chickenpox or shingles [14].

Domestic authors have also indicated that it is ad-
visable to vaccinate healthcare workers who have not
previously had chickenpox [10]. However, the issues
of laboratory confirmation of immunity to VZV are still
unresolved in Russian healthcare practice.

Given the difficulties in procuring foreign vac-
cines for chickenpox prophylaxis and test systems to
determine the level of immunity to VZV, the develop-
ment and introduction of domestic test systems and
domestic chickenpox vaccines into the public health
practice is crucial for the implementation of such an
initiative.

Summary of results

1. Serologic screening for antibodies to VZV
showed both a high level of herd immunity (93.7%)
among medical staff of a multidisciplinary hospital in
Moscow and the presence of seronegative individuals
susceptible to chickenpox among employees of various
departments, all age groups and with different years of
service.

2. Significantly more VZV seronegative individu-
als were found among staff under 29 years of age than
among healthcare workers in older age groups and with
more years of service.

3. The level of immunity to VZV was found to be
approximately the same among multidisciplinary hos-
pital workers of different departments.

' European Centre for Disease Prevention and Control, Varicella
vaccination in the European Union. Stockholm ECDC. 2015.
URL: https://www.ecdc.europa.eu/sites/default/files/media/en/
publications/Publications/Varicella-Guidance-2015.pdf (nara 06-
pamenus: 13.05.2023).

4. The questionnaire demonstrated that healthcare
workers could not present their reliable infection and
vaccination history regarding chickenpox, and its ob-
jective confirmation could only be obtained by testing
for antibodies to VZV.

5. The necessity of introducing preventive vacci-
nation against chickenpox, including in medical work-
ers, as well as the relevance of creating a serological
monitoring system of immunity to VZJV in employees
of the HCO in order to prevent the entry of the patho-
gen and to optimize anti-epidemic measures in case of
infection outbreak are shown.

Conclusion

The results of serologic screening for antibodies
to VZV revealed the presence of susceptible individuals
among the staff of a multidisciplinary hospital, which
indicates the presence of conditions for the pathogen in-
troduction with sick medical staff and the formation of
epidemic foci of chickenpox in non-infectious HCOs.

Taking into account the obtained results, it is
necessary to develop and put into practice domestic
vaccines against chickenpox, as well as domestic test
systems for serosurveillance of VZV infection. At the
initial stage of introducing preventive vaccination for
chickenpox, it is advisable to conduct serologic testing
for antibodies to VZV in medical staff with subsequent
vaccination of non-immune individuals.

In the context of planning the inclusion of vacci-
nations against chickenpox in the National Immuniza-
tion Calendar of Russia, the obtained data are of inter-
est regarding the use of serologic methods to assess the
prevalence of VZV infection in order to obtain data on
the disease risk groups and improve measures to coun-
teract the infection.
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Abstract

Introduction. Diarrheal syndrome is the most characteristic symptom of HIV infection, which occurs in 70% of
patients and is often fatal. The severity of diarrheal syndrome, irrespective of immune status, is usually determined
by specific microorganisms colonising the gastrointestinal tract.

The objective of this study is to assess the prevalence of classical pathogens of acute intestinal infections in
diarrheal syndrome in HIV-infected residents of the Chechen Republic (Grozny).

Materials and methods. Stool samples (n = 191) of HIV-infected patients with a history of diarrheal syndrome
were studied by real-time PCR with two kits of reagents: "AmpliSens OKI screen-FL" for the detection of DNA/RNA
of Shigella spp./EIEC, Salmonella spp., Campylobacter spp., Adenovirus, Rotavirus, Norovirus and Astrovirus;
"AmpliSens Escherichiosis-FL" for the detection of diarrheagenic E. coli (DEC) DNA of five pathogroups: EPEC,
EHEC, ETEC, EIEC, EAgEC.

Results. Genetic markers of the acute intestinal infection pathogens were detected in 20.9% of the examined
individuals. In patients aged 0-7 years and 18—-24 years, DNA/RNA of the tested pathogens were not detected.
DNA of bacterial pathogens accounted for 93.9%, RNA of viral pathogens — 6.1%. The etiological structure
of bacterial infections was represented by a significant predominance of DEC (84.8%) compared to 10.9% of
Campylobacter spp. and 4.4% of Salmonella spp. The structure of viral infections included 66.7% Rotavirus
and 33.3% Norovirus. Genetic markers of Adenovirus and Astrovirus have not been identified. In 77.5%
of HIV-infected patients, diarrheal syndrome was caused by one pathogen (mono-infection), but in nine examined
patients (22.5%) it had a combined etiology.

Conclusion. The etiology of acute intestinal infections in HIV-infected patients of the Chechen Republic includes
bacterial and viral pathogens, in every fifth the cause of diarrheal disease was DEC. Due to diarrhea in HIV-
infected people being a polyetiological disease, it is necessary to introduce a comprehensive, fast, reliable, and
affordable method for identifying a wide range of pathogens that cause secondary infections.

Keywords: HIV, HIV-infection, diarrhea, acute intestinal infections, genetic markers (determinants)
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leHeTUYeCKne mapKepbl BO36yauTenemn ocTpbix KNWEYHbIX MHPeKLuin
y BUM-nHpunumpoBaHHbIX naumneHToB B YeueHcKom Pecnybnuke

MypTtasanues X.X.', MakapoBa M.A.**, KaptbipeBa J1.A.>3, AnneBa E.B.%,
Owaesa A.B.", Kam6opoBa M.X.2
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AHHOMauus

AkTyanbHoCTb. [lMapeiHbll cuHApoM — Havbonee xapaktepHoe nposisreHve BUY-uHdekumn, kotopbin Ha-
6nopaetcs y 70% 60nbHbIX 1 YAcTO CTAHOBUTCH MPUYUHON neTanbHoro ncxoga. CteneHb BbIPaXXEHHOCTW Aua-
perHoro cMHApoOMa, He3aBNCMMO OT UMMYHHOrO CTaTyca, Kak npaBunno, obycnoBneHa KOHKPETHLIMW MUKpOOpra-
HU3MaMM, KONMOHU3UPYHOLLIMMM KENyA04YHO-KULLEYHbIV TPaKT.

Llenb — 13y4nTb pacnpoCTpaHEHHOCTb Knaccuyecknx Bo3dyautenen ocTpbix KnwevHbix nHgekumn (OKN) npu
anaperiHom cuHgpome y BUY-nHdbunumpoBaHHbix xxutenen YeveHckon Pecnybnuku (r. [po3sHbin).

Matepuanbl n metoabl. [pobbl ncnpaxHenun (n = 191) BUY-MHDMLUMPOBAHHBLIX NaUMEHTOB C Auapen-
HbIM CMHOPOMOM B aHamHe3e m3ydanu metogoM [LP B peanbHOM BpeMeHu ¢ ABYMS Habopamu peareHToB:
«AmnnuCeHc OKW ckpuH-FL» ans Beisenenns HK/PHK mukpoopranuamos Shigella spp./EIEC, Salmonella spp.,
Campylobacter spp., Adenovirus, Rotavirus, Norovirus n Astrovirus; « AMnnuCeHc Swepuxmosbl-FL» ansa Boisie-
nenust AHK guapeereHHbix Escherichia coli (DEC) natorpynn EPEC, EHEC, ETEC, EIEC n EAgEC.
Pe3ynbratbl. [eHeTudeckme mapkepbl Bo3byauTtenenn OKN 6binn BohisBneHbl y 21,9% o6cneqoBaHHbIX ML,
Y nauneHToB Bo3pacTHbIx rpynn 0—7 n 18-24 net OHK/PHK uckombix Bo3byautenen He Bbinv obHapy>ceHsbl.
Ha ponto OHK 6aktepuanbHbix natoreHoB npuxoaunock 93,9%, PHK BupycHbix natoreHoB — 6,1%. OTuono-
rmyeckasa ctpyktypa 6akrtepmansHbix OKW Gbina npeacrasneHa 3HavymmbiM npeobnapganvem DEC (84,8%) no
cpaBHeHuto ¢ 10,9% Campylobacter spp. n 4,4% Salmonella spp. CtpykTypa BupycHbix OKU Bkntovana 66,7%
Rotavirus v 33,3% Norovirus. lTeHeTu4eckne mapkepbl Adenovirus n Astrovirus He BbisiBneHbl. Y 77,5% BAY-nH-
PULMPOBaHHbIX AuaperiHbIi cuHapoM Obinn 06ycrnoeneH ogHum Bo3byantenem OKU (moHouHdekums) y 9 (22,5%)
06cnenoBaHHbIX — COYETaHHOW 3TUOMOrMen.

3aknwouyeHue. 3tmnonorna OKN y BUY-nHpmumpoBaHHbIX nauueHToB YeveHckon Pecnybnvkm BrrtovaeT Hakte-
puarnbHble U BUPYCHble BO3OyAMTENW, Yy KaXaoro NAToro NpuynHon avapenHoro 3abonesaHna sasnanvck DEC.
YuuTtbiBas TOT dakT, uTo Anapes BUY-nHpurumpoBaHHbIX — 3TO NONU3TUONOrMYHOE 3aboneBaHne, HeobXoanuMo
BHEAPSATb KOMMIEKCHBIN, BbICTPbIA, HAAEXHBIA N OOCTYMHBIA METOA AEHTUMMKALMMN LUMPOKOro CriekTpa Bo3by-
OvTenen, Bbi3biBAKOLLMX BTOPUYHbBIE MHAEKLMN.

KnroueBble cnoBa: BUY, BUY-uHgbekuusi, Ouapesi, ocmpble KUWeYHble UHEeKUUU, 2eHemuYecKue MapKkepbl
(6emepmuHaHmMbI)

Amuyeckoe ymeepxdeHue. VlccneqoBaHve NnpoBoaMnoch Npy A06POBObHOM UHPOPMMPOBAHHOM Cornacuv nauu-
eHToB. [MpoTokon nccnenoBaHusi ogobpeH dTudeckum komutetom CaHkT-MNeTepbyprckoro Hay4yHo-MccnenoBaTenbCKo-
ro MHCTUTYTa anuaemMmnonorum n Mukpobuonorum umenn Macrepa (npotokon Ne 81 ot 22.11.2022).

HNcmoyHuk ¢puHaHcuposaHusi. ABTOpbI 3asiBMSAT 06 OTCYTCTBMWN BHELUHEro (hMHAaHCUPOBaHWUS NpU NPoBEeEHUN UC-
crnefoBaHus.

KoHgbnnukm uHmepecos. ABTOpbI [eKNapupyOT OTCYTCTBME SBHbIX M MOTEHLUManbHbIX KOH(MMKTOB UHTEPECOB, CBS-
3aHHbIX C NyGnuKauuen HacTosILWEN CTaTby.

Ana yumuposeaHusi: Myptasanves X.X., Makaposa M.A., Kadteipesa J1.A., Annesa E.B., Owaesa A.B., )Kambopo-
Ba M.X. leHeTnyeckme mMapkepbl BO3OyaMTENen OCTPbIX KULLIEYHbIX UHdeKUnA Y BUY-nHdpMUMpoBaHHbIX NauneHToB
B YeueHckon Pecnybnuke. XKypHan mukpobuonoauu, anudemuonoauu u ummyHobuonoauu. 2023;100(6):420—427.
DOI: https://doi.org/10.36233/0372-9311-437

EDN: https://www.elibrary.ru/uwnpgo
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Introduction

HIV infection is a problem of great importance all
over the world, including Russia, due to its pandemic
prevalence and increasing rates of morbidity [1, 2]. This
nosology is one of the causes of death in young patients
and is therefore considered a global threat to mankind
and its socio-economic progress [3]. In Russia, due to
the increasing number of HIV-infected people, there is
an increase in the number of opportunistic diseases and
fatal cases due to secondary diseases [4].

The gastrointestinal tract (GIT) is one of the
target organs of HIV infection and is involved in the
pathological process at different stages of the disease
[5]. HIV causes leukocytic infiltration in the mucosa,
degenerative changes in intestinal crypts and atrophy
of microvilli, which leads to impaired intestinal diges-
tion and absorption, decreased intestinal colonisation
resistance, dysbiosis and an infectious process prone
to persistence and recurrence. As disease symptoms
and morphofunctional changes in the intestinal mucosa
progress, HIV-infected individuals often experience di-
arrhea and intestinal infections, which are a key cause
of morbidity and mortality at later stages, regardless
of antiretroviral therapy [6]. Diarrheal syndrome (DS)
is the most characteristic symptom of HIV infection,
which occurs in 70% of patients and is often fatal. In
developing countries, more than 90% of HIV-infected
people have DS, while in industrialized countries it is
present in 50-60% of the infected. The World Health
Organization's baseline scenario for 2030 assumes that
mortality from HIV/AIDS and diarrheal diseases in de-
veloping countries will remain at about 1.7/1.5 million.
There are many causes of DS in HIV-infected people,
the most common being direct exposure to the virus-
es, opportunistic pathogens, long-term drug use and/or
GIT tumours [7].

Any pathogen that infects immunocompetent in-
dividuals is also capable of causing disease in HIV-in-
fected individuals. The severity of DS, regardless of
immune status, usually depends on the specific micro-
organisms colonising the GIT. However, Escherichia
coli, Salmonella spp., Shigella spp., Campylobacter
spp. and Rotavirus can cause particularly severe or
prolonged diseases during HIV infection. According to
several researchers, HIV-infected adults have 10 times
higher rates of bacterial intestinal infections than the
HIV-negative population. HIV-infected individuals are
at a 20-100-fold increased risk of salmonellosis, asso-
ciated with bacteraemia in more than 40% of cases, and
the mortality rate is increased 7-fold. The average in-
cidence of campylobacteriosis among AIDS patients is
40 times higher than in individuals not infected with
HIV [8-10].

Existing data on the incidence of acute intestinal
infections among immunocompromised patients are
scarce, resulting in a lack of clear and definite knowl-
edge about the etiology of HIV-infected people with
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DS. The aim of this study was to investigate the prev-
alence of classical pathogens of acute intestinal infec-
tions in HIV-infected residents of the Chechen Repub-
lic (Grozny).

Materials and methods

Fecal samples from 191 patients (124 women
and 67 men) registered at the Republican AIDS Centre
with a history of DS were examined at the Republican
Clinical Centre for Infectious Diseases of the Minis-
try of Health of the Chechen Republic. The composi-
tion of the age groups of patients was as follows: 1-7
years — 1 (0.5%) patient, 18-24 years — 4 (2.1%),
25-34 years — 10 (5.2%), 3544 years — 58 (30.4%),
45-54 years— 68 (35.6%), over 55 years — 50 (26.2%)
The cohort group was formed by random sampling. All
patients were informed about participation in the study
and gave their voluntary consent. The study protocol
was approved by the Ethics Committee of the Saint-Pe-
terburg Pasteur Institute (protocol No.81, November
22,2022).

The polymerase chain reaction (PCR) method
with hybridisation-fluorescence detection was used,
using the DT PRIME 5 thermocycler (DNA-Techno-
logy) and two reagent kits: AmpliSens OKI screen-FL
(Central Research Institute of Epidemiology of Rospo-
trebnadzor) for detection and differentiation of DNA
(RNA) of microorganisms of the Shigella spp./EIEC,
Salmonella spp, Campylobacter spp. (thermophilic),
Adenovirus (group F/grF), Rotavirus (group A/grA),
Norovirus (2nd genotype/G 1I) and Astrovirus genera;
AmpliSens Escherichiosis-FL (Central Research In-
stitute of Epidemiology of Rospotrebnadzor) for de-
tection of diarrheagenic E. coli (DEC) pathogroups
EPEC, EHEC, ETEC, EIEC and EAgEC. Results were
interpreted based on the fluorescence signal levels of
the respective HEX, FAM or ROX channels. The iden-
tification of the strains belonging to the EPEC, ETEC,
EIEC, EAgEC pathogroups was performed according
to the manufacturer's instructions and methodological
guidelines. Strains showing fluorescence levels above
the threshold for HEX channel in PCR mix-1 were con-
sidered as shigatoxin-producing (STEC); strains show-
ing fluorescence levels above the threshold for HEX
channel in PCR mix-1 and PCR mix-2 were considered
as enterohaemorrhagic (EHEC).

The obtained data were processed using Micro-
soft Office Excel. Fisher's exact test was used to as-
sess the statistical significance of differences in mean
values. Differences with a confidence interval of 95%
(p <0.05) were considered statistically significant.

Results

Molecular markers of the investigated pathogens
of acute intestinal infections were detected in fecal
samples of 40 (20.9%) of the examined patients, includ-
ing 26 (21.0%) women and 14 (21.0%) men without
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significant statistical differences (p > 0.05) (Table 1).
In patients aged 0-7 years and 18-24 years, DNA/RNA
of the pathogens were not detected. No significant dif-
ferences in the frequency of detection of molecular
markers of acute intestinal infection pathogens in fecal
samples from patients of other age groups were found
(» > 0.05).

The results of the molecular study are presented in
Table 2. In 40 positive samples, 49 molecular markers
of acute intestinal infection pathogens were detected,
of which DNA of bacterial pathogens accounted for
93.9% (n = 46) and RNA of viral pathogens for 6.1%
(n = 3). The differences were statistically significant,
p < 0.05. The etiological structure of bacterial intes-
tinal infections was represented by a significant pre-

dominance of diarrheagenic E. coli 84.8% (n = 39)
of which: EPEC — 48.7% (n = 19), STEC — 20.5%
(n = 8), EIEC — 17.9% (n = 7), EAgEC — 7.7%
(n = 3), ETEC — 5.1% (n = 2) compared to 10.9%
(n = 5) thermophilic Campylobacter spp. and 4.4%
(n = 2) Salmonella spp. (p < 0.05). The viral pattern of
acute intestinal infections included 66.7% (n = 2) Rota-
virus (group A) and 33.3% (n = 1) genotype 2 Norovi-
rus. Adenovirus grF and Astrovirus molecular markers
were not detected.

In 31 (77.5%) HIV-infected patients, DS was
caused by a single pathogen of acute intestinal infec-
tions (monoinfection), and in 9 (22.5%) — by several.
Monoinfection was significantly more often caused by
bacterial pathogens: 67.4% compared to viral patho-

Table 1. Detection rates of molecular markers of acute intestinal infections in HIV-infected patients with diarrheal syndrome

of different age in the Chechen Republic

Positive for molecular markers

Characteristic of examined persons Number of samples Cl
n %

0-17 years old 1 0 0 0-0,8
18-24 years old 4 0 0 0-0,5
25-34 years old 10 2 20,0 5,7-51,0
35-44 years old 58 12 20,7 12,3-32,8
45-54 years old 68 18 26,5 17,5-38,0
55 years and older 50 8 16,0 8,3-28,5
Women 124 26 21,0 14,73-28,95
Men 67 14 21,0 12,9-32,1
Total 191 40 20,9 15,8-27,3

Table 2. Detection rates of DNA/RNA of causative agents of acute intestinal infections in HIV-infected residents

of the Chechen Republic

Total Monoinfection Combined infections
Pathogen
n (%) 95% ClI n (%) 95% ClI n (%) 95% ClI
Bacterial

Campylobacter spp. 5(10,9) 4,7-23,0 2(6,5) 1,8-20,7 3(20,0) 7,1-45,2

Salmonella spp. 2(4,4) 1,2-14,5 2 (6,5) 1,8-20,8 0 (0) 0-20,4
Diarrheagenic E. coli, including: 39 (84,8) 71,8-92,4 27 (87,1) 71,2-94,9 12 (80,0) 54,8-92,9
EAgEC 3(7,7) 2,6-20,3 2(7,4) 2,1-23,4 1(8,3) 1,5-35,4

EIEC 7(17,9) 9,0-32,7 4 (14,8) 5,9-32,5 3(25,0) 8,9-53,2

ETEC 2(5,1) 1,4-16,9 1(3,7) 0,7-18,3 1(8,3) 1,5-35,4
EPEC 19 (48,7) 33,9-63,8 14 (51,8) 33,9-69,3 5(41,7) 19,3-68,1

STEC 8 (20,5) 10,8-35,3 6 (22,2) 10,6—40,7 2(16,7) 4,7-44,8
Total bacterial 46 (93,9) 83,5-97,9 31 (67,4) 52,9-79,1 15 (32,6) 20,9-47,0

Viral

Norovirus Gll 1(33,3) 6,2-79,2 0 (0) 0-65,8 1(100) 20,7-100
Rotavirus grA 2 (66,6) 20,8-93,9 1(50,0) 9,5-90,6 1(50,0) 9,5-90,6
Total viral 3(6,1) 2,1-16,5 1(2,0) 0,4-12,2 2(4,1) 1,1-13,7
Total 49 (100) 92,7-100 32 (65,30) 51,3-77,1 17 (34,7) 22,9-49,7
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gens — 2.0 (p < 0.05). Analysis of co-infection cases
showed a prevalence of bacterial (77.8%) compared to
viral-bacterial coinfections (22.2%; Table 3). DEC ge-
netic determinants were present in all cases of co-infec-
tions of acute intestinal infections.

When analysing the distribution of the examined
individuals by sex and age, significant differences were
revealed (Figure). The main pathogens of acute intes-
tinal infections in HIV-infected men and women were
DEC. Thermophilic Campylobacter spp. were iden-
tified only in women; no significant differences were
found with regard to other studied acute intestinal in-
fection pathogens of bacterial and viral etiology Bac-
terial pathogens were identified in all age groups, viral
pathogens — only in the groups of 25-34 and 3544
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year olds. In the age group of 25-34 years, diarrheal
syndrome was caused by bacterial and viral etiology
without dominance of a particular pathogen. In the
age groups 3544, 45-54 years and 55 years and old-
er, DEC was a significantly more frequent pathogen of
acute intestinal infection (p < 0.05), other bacterial and
viral infections were detected without significant differ-
ences (p > 0.05).

Discussion

Infectious diarrheal diseases are an urgent prob-
lem of HIV-infected people in the Chechen Republic.
The overall rate of intestinal infections was 20.94 %.
There were no statistical differences by sex among
the HIV-infected population of the Republic. Patients

Table 3. Characteristics of acute intestinal infections of combined etiology in HIV-infected patients in the Chechen Republic

Number of cases

Etiological agent

n % 95% CI p
Bacterial
Campylobacter spp. + EPEC 1 11,1 2,0-43,5 > 0,05
Campylobacter spp. + STEC 1 11,1 2,0-43,5 > 0,05
EPEC + EIEC 1 11,1 2,0-43,5 > 0,05
EPEC + EAgEC 1 11,1 2,0-43,5 > 0,05
EPEC + ETEC 1 11,1 2,0-43,5 > 0,05
STEC + EIEC 1 11,1 1,99-43,5 > 0,05
Total bacterial-bacterial 7 77,8 45,3-93,7 <0,05
Viral-bacterial
Rotavirus grA + EIEC 1 11,1 2,0-43,5 > 0,05
Norovirus Gll + Campylobacter spp. + EPEC 1 11,1 2,0-43,5 > 0,05
Total viral-bacterial 2 22,2 6,3-41,7 > 0,05
Total combined infections 9 100,0 70,1-100
n
30 -
25 1 24
20 1 19
15
15 1
10
10 - 8
5
° 2 1 1 2 11 1 2 1 j 11 1 1
0 [l =2 ™ [ —— - | —— /M
25-34 35-44 45-54 > 55 Women Men

Age, years

ODEC ®m Salmonella spp. B Campylobacter spp. O Norovirus O Rotavirus

Distribution by sex and age of HIV-infected patients with diarrheal syndrome in the Chechen Republic.
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aged 0—7 and 18-24 years had statistically significantly
lower presence of molecular markers of classical acute
intestinal infection pathogens, which may be associ-
ated with timely prescription and higher adherence to
treatment with of antiretroviral and prophylactic anti-
microbial drugs in these patients, which contributes to
the inhibition of potential intestinal pathogens [11, 12].

The main causative agents of diarrheal diseases,
not only bacterial, but also in the etiological structure
of acute intestinal infections, were DEC (84.8%), most
of which were represented by anthroponotic pathogens
(74.4%): EPEC (48.7%), EIEC (17.9%) and EAgEC
(7.7%). The results confirm that DEC are the most com-
mon microorganisms associated with diarrhea in HIV
infection. The most frequent pathogroup was EPEC,
which are common in HIV with diarrheal syndrome [13,
14]. Molecular markers of pathogens commonly trans-
mitted with food: Salmonella, Campylobacter and STEC
were detected in 4.4%, 10.9% and 25.5% of cases re-
spectively [15]. Studies conducted in Austria, the Neth-
erlands and Germany have also shown that these bacte-
rial pathogens account for the smallest number of cases
of acute gastroenteritis in HIV-infected people [16].

Rotavirus group A was detected only in 2 adult
patients, although according to V.P. Bondarev et al. this
pathogen is the most frecuent cause of severe gastro-
enteritis in children in many countries, accounting for
30-72% of hospitalised patients and 4-24% of patients
with mild acute gastroenteritis not requiring hospital-
isation [17]. According to the data of Form 2 "Informa-
tion on infectious and parasitic diseases" for 2019-2022
and the State Report "On the state of sanitary and epi-
demiological well-being of the population in the Rus-
sian Federation in 2022", cases of rotavirus infection
were not registered in the Republic of Ingushetia and the
Chechen Republic. The absence of reported incidence
may be associated with insufficient implementation of
molecular biological methods in the laboratory diagno-
sis of acute intestinal infections. At the same time, the
absence of Rotavirus in this study may be due to the ab-
sence of infants and young children in the study group,
as well as the fact that the studies were conducted in the
spring and summer period. Adenovirus and Astrovirus
were not detected in our study, although according to L.
Seid et al. they are considered potential opportunistic
pathogens [18].

In 31 (77.5%) fecal samples, molecular marcers of
a single acute intestinal infection pathogen were detect-
ed, and according to the results of laboratory testing,
DS was identified as a monoinfection. Samples from 9
(22.5%) examined patients contained a mixture of en-
teropathogens (combined acute intestinal infections): in
8 (20.0%) samples markers of two acute intestinal in-
fection pathogens were detected, in one sample (2.5%)
three patogens were identified. A high prevalence of
co-infections (25-53%) has been described among
HIV-infected people in developing countries [14, 19].

DEC predominated in all co-infections, which is con-
sistent with previous data [20].

In the era of effective antiretroviral therapy, the
clinical picture of DEC in people living with HIV may
not be comparable to their classic symptoms. The use
of a comprehensive multiplex format in the laborato-
ry diagnosis of DS in HIV-infected people is the only
highly sensitive method that allows the establishment
of the etiology of acute intestinal infections not only in
the acute period of the disease, but also in asymptom-
atic carriers. A large-scale study conducted in Ethiopia
using modern laboratory diagnostic methods showed
that 56.3% of DS cases in HIV-infected people was
caused by pathogens of bacterial, viral and/or parasi-
tic etiology, and notably, it allowed the identification of
co-infections in 35% of cases [14, 18, 21].

Conclusion

The etiology of acute intestinal infection patho-
gens in HIV-infected patients in the Chechen Repub-
lic includes bacterial and viral pathogens. The study
showed that almost every fifth HIV-infected person was
caused by DEC, which confirmed their relevance in the
structure of acute intestinal infections. Laboratory diag-
nosis of these pathogens is possible only using molec-
ular genetic methods. To reduce the burden of diarrheal
diseases in HIV-infected people in the Chechen Repub-
lic, it is necessary to conduct targeted epidemiological
and microbiological studies to identify DEC, to study
the contamination of environmental objects, including
water and food, and to identify risk factors. Given that
DS in HIV-infected people is a polyetiological disease,
it is necessary to introduce a comprehensive, rapid, re-
liable and available method of identifying a wide range
of pathogens causing secondary diseases.

It is important to note that this is the first study
conducted in the Chechen Republic, and the results ob-
tained can be used to develop protocols for the preven-
tion and treatment of DS in HIV-infected people at the
regional and republican levels.
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leHeTYecKas CTPYKTypa 1 neKapCcTBeHHasA YCTOMYNBOCTb
nonynauunun Mycobacterium tuberculosis
B KemepoBckon o6nactn — Kysbacce

JNle6epeBa U.b."™, XpgaHoBa C.H.2, Kongpartos W.I2, Cubunb K.B.3,
OrapkoB 0.b.2, bpycuHa E.B.'

'KeMepoBCKMIA rocyaapCTBEHHbIM MeULUHCKNIA yHUBepcuTeT, KemepoBo, Poccuns;
2HayuHblIn LeHTp Npobnem 340pOBbA CeMbU U penpoayKunn Yenoseka, MpkyTck, Poccus;
3Ky36accKuin KNMHUYECKU GTU3NONYNIbMOHONIOTMYECKNIA MeauLMHCKUIA ueHTp nm. N.O. Konbinosoi, KemepoBso, Poccna

AHHOMauus

BeepeHue. B KemepoBckoli obnactn — Kysbacce coxpaHsieTcsi crioxHas anmaemuornormyeckast cutyauus no
Ty6epkynésy (TB) ¢ ypoBHAMKM 3aboneBaeMoCTv, MPEeBLILAKLWNMN CPEOHEPOCCUIACKUIA YPOBEHb. IANUOEMU-
Yeckuir npouecc T B 3HauMTenbHOW CTeneHn onpeaenseTcs uMpKynupylowmumn sapyuaHtamn Mycobacterium
tuberculosis. CKPUHWHT aNnaeMUYeckn 3Ha4YMMbIX BapyaHTOB BO30yaMTeNs Ha TEpPUTOPUSX C BbICOKMM Bpeme-
HeM TB nexuTt B 0OCHOBE anNnaeMUONornyeckon AMarHoCTYKN 1 Heobxoamm Ans pa3paboTkm 3 eKTUBHBIX Mep
NpognnakTUKK, 0OAHAKO NoNynsaunoHHas cTpykTypa M. tuberculosis B Kemeposckon obnactn — Kysbacce mano
n3yyeHa.

Llenb nccrnenoBaHust: U3y4nTb reHETUHECKUI NONMMOPdN3M 1 (heHOTUMNYECKYHD YCTONYMBOCTD K MPOTMBOTYOEp-
KynésHblmM npenapaTtam wrammoB M. tuberculosis B Kemeposckon obnactu — Kysbacce.

MaTepuansbl u metoabl. [NMposegeHo MIRU-VNTR-reHoTunuposaHme 163 nsonatos M. tuberculosis, BblaeneH-
HbIX OT 6onbHbIX TE xunTene Kemeposckor obnactv B Mapte—okTsbpe 2022 r. KynstnBupoBanue M. tuberculosis,
onpeaeneHne nekapcTBEHHOW YyBCTBUTENbHOCTU, BblaeneHve reHomHon [HK ocywiectBnsnu ctaHgapTHbIMU
MeTtogamu. [eHOTUNNYecKyo naeHTUdUKaLmMo Nposoannu ¢ nomoLlbio 24 nokycHoro MIRU-VNTR-TunuposaHus.
MapannenbHO NpoBefeHO 3KCMPECC-TEHOTUMMPOBAHME: BbisiBieHUe n3onaToB reHotuna Beijing (no RD105/207)
n non-Beijing; cy6TunnposaHue Beijing B nonMmepasHon LenHon peakuun B peansHom Bpemenm (MLP-PB) Ha
BbigBneHne Central Asian Russian n BO/W148; ngeHtudukauuo rpynnel non-Beijing — MLP-PB-Tectamn Ha
LAM, S, Ural.

Pe3ynbraThl. YCTaHOBNEHO JOMMHUPOBaHWE M30naToB rpynmbl Beijing (67,5%) kak cpean BnepBble BbISBIEHHbIX
(64,4%), Tak n cpeam paHee neyeHHbIX 6onbHbIX TH (88,5%). MIRU-VNTR-TunnposaHne obHapyxwno 75 npo-
dunen, ns Hux 94-32 (35,3%) n 100-32 (15,7%) 6bINM caMmbiM1 MHOTOYMCIIEHHBIMY Y MPUHAAMIEXaNN reHoTUMy
Beijing. B uenom 39,9 1 20,9% mn3onatoB oTHeCEHO kK anugemunyecknm knactepam Beijing Central Asian Russian n
BO/W148 cooTBETCTBEHHO, KOTOPbIE 3HAYMMO OTNMYANUCh NO YPOBHAM MHOXECTBEHHOWN NEKApPCTBEHHOMW YCTOW-
ynsoctn (MNY) — 50,8 n 85,3% cootBetctBeHHO (p = 0,005). BTOopbiMM MO pacnpocTpaHEHHOCTH ObInu LITaM-
Mbl FEHETUYECKOrO CeMencTea eBpo-amepukaHckon nuHmum (31,9%): LAM (6,7%), Ural (7,4%), Haarlem (4,9%)
n L4-unclassified (12,9%). MJTY cpeau 3TMx MUHOPHBIX FEHOTUMOB Obina 3HaYNTENBLHO HIKE, YeM cpeau Beijing,
n coctaensana 11,5% (p < 0,001). Wrammel ot 60onbHbIX TB ¢ BUY-nHdbekumen (56,4% obuuen BoIGOpKM) Yalle
umenun MJTY-npodpuns (54,8%), yem B cnydasax Tb 6e3 BUY-uHdekuun (35,2%; p = 0,005), yto moxeT BbITb
cBsi3aHo ¢ Gonee BbICOKMMK ypoBHAMM Beijing B rpynne 6onbHbix Tb ¢ BUY-nHdekunein (75,0% npotue 57,7%;
p =0,026). NokasaHa nonHas conocTaBUMOCTb pa3paboTaHHbIX HAMW TECTOB OAHOHYKIEOTUAHOMO NONMMOPdN3-
Ma Ansi BbIIBNEHUS OCHOBHbIX FEHOTUMOB M 3NMAeMUYEeCcKn 3HaUMMbIX cy6TunoB Beijijng, no3BonmBLLMX OXapak-
TepusoBatb 75,5% BbIGOPKK 3KCNpecc-MeToa0M.

3akntoyeHne. MonekynsapHo-reHeTUYeCKUin CKpMHKHT B KemepoBcKol 06nacTu BbIIBUI reTEPOreHHOCTb Monyns-
umun M. tuberculosis, B KOTOPON 4OMUHUPOBaNM WTamMMbl reHoTMna Beijing, no yactote cy6TMNoB, cpaBHMMOM C
apyrumm Tepputopusimm Cubumpckoro defneparnbHOro okpyra.

Knrodeenie crioga: Mycobacterium tuberculosis, MonekynspHas anudemMuosioausi, 2eHomurlbl, 1eKkapcmeeHHasi
ycmouyusocmb

Amuyeckoe ymeepxdeHue. VccnegosaHne NpoBoAMINOCh Npy A06POBONBHOM MHAPOPMUPOBAHHOM COFflacumn naum-
eHToB. [MpoTokon nccnegoBaHua ogobpeH ATnYeckuM KoMuTeToM KemepoBCKOro rocyAapCTBEHHOrO MeAULIMHCKOro
yHuBepcuteTa (npotokon Ne 255/k ot 11.11.2020) n 3Tnyeckum kommuteToM HayuyHoro ueHTpa npobnem 30opoBbs ce-
MbM 1 penpoayKumn Yyenoseka (npotokon Ne 4 ot 12.04.2023).

UcmoyHuk ¢puHaHcupoesaHus. ViccnenosaHne BbINOMHEHO Npu MHAHCOBOW Noaaepke rpaHTa Poccuiickoro Hayy-
Horo coHaa (npoekTt Ne 23-15-00280).

KoHebriukm uHmepecoe. ABTOPbI AEKNapUPYIOT OTCYTCTBUE SIBHLIX U NOTEHLMANBHBLIX KOH(IUKTOB MHTEPECOB, CBS-
3aHHbIX C NyGnuKaLmeit HacTosALLei CTaTbu.

© INebepnesa U.B., XKnaHosa C.H., KoHgpatoB W.I"., Cubune K.B., Orapkos O.5., BpycuHa E.B., 2023
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Genetic structure and drug resistance of Mycobacterium tuberculosis
strains in the Kemerovo Region — Kuzbass
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'Kemerovo State Medical University, Kemerovo, Russia;
2Scientific Centre for Family Health and Human Reproduction Problems, Irkutsk, Russia;
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Abstract

Background. Kemerovo Region has a high burden of tuberculosis (TB) with incidence rates twice the national
average. The circulating variants of Mycobacterium tuberculosis significantly influence the TB epidemic process.
Screening of epidemically significant variants of the pathogen in areas with a high burden of TB underlies
epidemiological diagnosis and is necessary for the development of effective prevention measures. However, the
population structure of M. tuberculosis in the Kemerovo Region — Kuzbass is poorly understood.

Aims: to study genetic heterogeneity and phenotypic resistance to anti-tuberculosis drugs of M. tuberculosis
strains in the Kemerovo Region.

Materials and methods. The MIRU-VNTR genotyping of 163 M. tuberculosis strains isolated from TB patients in
the Kemerovo Region in March—October 2022 was carried out. Cultivation of M. tuberculosis, drug susceptibility
testing, and isolation of genomic DNA were carried out by standard methods. Genotypic identification was
performed using MIRU-VNTR (24 loci) typing. In parallel, express genotyping was carried out: identification of
isolates of the Beijing genotype (by RD105/207) and non-Beijing; subtyping Beijing using real-time PCR tests
for detection of Central Asian Russian and BO/W148; identification of the non-Beijing group by real-tine PCR RT
tests for LAM, S, Ural.

Results. The isolates of the Beijing genotype (67.5%) were found to dominate both among newly diagnosed
(64.4%) and previously treated patients (88.5%). MIRU-VNTR typing revealed 75 profiles, of which 94-32 (35.3%)
and 100-32 (15.7%) were the most abundant and belonged to the Beijing genotype. Overall, 39.9% and 20.9%
of isolates, respectively, were assigned to the Beijing Central Asian Russian and B0O/W148 epidemic clusters,
which differed significantly in MDR levels (50.8% and 85.3%, respectively; p = 0.005). The second most common
were strains of the genetic family of the Euro-American lineage (L4) (31.9%): LAM (6.7%) Ural (7.4%) Haarlem
(4.9%) and L4-unclassified (12.9%), MDR among of these minor genotypes was significantly lower than among
Beijing genotype strains, and amounted to 11.5% (p < 0.001). Strains from HIV-TB patients (56.4% of the total
sample) carried an MDR profile more often (54.8%) compared to TB cases without HIV infection (35.2%) (p =
0.005), which may be due to higher proportion of Beijing genotype strains in the HIV-TB group (75.0% vs. 57.7%;
p = 0.026). Complete comparability of the SNP analysis (in-house tests) to identify the main genotypes and
epidemically significant Beijing subtypes was shown, which made it possible to characterize 75.5% of the sample
by the express method.

Conclusions. The molecular genetic screening carried out in the Kemerovo Region revealed the heterogeneity
of the M. tuberculosis population, which was dominated by strains of the Beijing genotype, with the frequency of
subtypes comparable with other territories of the Siberian Federal District.

Keywords: Mycobacterium tuberculosis, molecular epidemiology, genotypes, drug resistance
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BsepeHune

Hecmotpst Ha TO uTO 3a00sI€BaEMOCTH TYOEpKY-
né3om (Th) Ha Tepputopun Kemeporckoit obiaactn —
Kysbacca, kak u B nenom no Poccum, 3a mocnennue
roabl cam3miack [1], Kys3bacc coxpansier mosunuu
peruoHa C BBICOKUM OpemeHeM 3Toit mHpekimu [2].
B 2021 r. 3aboneBaemocts Th cocraBmia 70,3 Ha
100 ToIC. HaceneHus, yTo Oosee ueM B 2 pa3a BhILLIE CPea-
Hepoccutickoro yposHs (31,1 Ha 100 Thic. HaceneHus).

Cpenu NpUYUH COXpaHEHUs HeOIaronpusITHON
3MUIEMHUOJIOTUYECKOH 00cTaHoBKM 110 Th orMeuaror
poct uucna ciaydaeB Th ¢ MHOXECTBEHHOHN JieKap-
cTBeHHOU ycToiunBocThio (MJIY) u pacnpocTpaneHue
couerannoit nnpexuuu BUY u Th. Kemeposckas 00-
nactsb 1o yposHsaM MJIY-Th u BUU-Tb Bxonur B rpyn-
ny JTuaepoB He Tonbko B CubupckoM (emepaibHOM
okpyre, HO u B Poccun [2]. Pacmpoctpanenne MJIY-
Tb B Poccun CBA3BIBAIOT C LIMPOKON LUPKYISALMEH
mraMMoB Mycobacterium tuberculosis (MBT) renoru-
na Beijing, ero ocHOBHBIX cyOoTHIOB — Beijing Central
Asian Russian (LlenTpanbHOa3uaTCKUi POCCUICKUI) U
Beijing BO/W148 [3, 4]. B a3uarckux peruonax Poccuu

nons reHotuna Beijing Bapeupyert ot 45 1o 70% [5-9].
[To KemepoBcko#i 0obaacTi cucteMHas HHGOpMALUs O
MOMYJISIIMOHHON cTpyKType Bo3Oyautens Th mpakru-
YECKH OTCYTCTBYET, IIOCKOJIBKY paHee MPOBOJUMEIC B
3anagnoi CuOupu CKpUHUHTOBBIC HccaenoBanus MBT
BKJTIOYAJIU JIUIIb HEOOJBIIOE KOJMYECTBO IITAMMOB U3
storo peruona [9, 10].

Ienb nccnenoBaHus: U3y4YUTh FEHETUUECKUH 110-
IUMOpGU3M U PEHOTHITMUYECKYIO YCTOHYMBOCTD K MPO-
TuBOTYOepKyné3nbiM mpemnaparam (IITIT) wmramMmmor
MBT B Kemepogrckoii obnactu — Kysbacce.

MaTepman bl 1 MeToAbl

JluzatiH uccneoosaHus

Brinonxeno MIRU-VNTR-renotunupoBaHue
MBT, cxema kotoporo mnpezacrasieHa Ha puc. 1. O0b-
€KT HCCIENOBaHUA — KIWHUYECKUE KyJIbTypel MBT,
noiy4eHHsle oT 6onpHBIX Th, mpoxuBatonmx B Keme-
poBckoit obnactu — Kys0acce u rocnuTanu3upoBaH-
Heix B Ky30acckuii KiMHUYECKUH (TH3HOMYIBMOHO-
JIOTUYECKUM MEAUUMHCKUN LeHTp. Mccenenyemas Kodi-

[MIRU—VNTR 2eHomunuposaxue 1o 24 noKycam | ]

del RD 105 Lineage 2

Lineage 2.2 Beijing

| del RD 207 |

Beijing cybauHuu | Beijing sublines:

ldeIRD181 }

del RD 181

Beijing «paHHWM ApeBHUIA:

intactRD 181——

Beijing «coBpeMeHHbI»:

[ kdpD (p0s.1151304 C->G)

]% BO/W148 cy6Tun |

[pk517 (pos. 1887060 C->G) ]% Central Asian Russian

Intact RD 105

cybtvn |

[ RV0557 (pos. 648992 C->G) }

FeHotmn S |

’[ CinA (pos. 2147906 C->G)

)|

J FeHotun Ural

[ Rv3062 (pos. 3426795 C->G) }

lFeHoTMn LAM

Puc. 1. Cxema reHotunupoBaHus MBT.
Fig. 1. M. tuberculosis genotyping scheme.
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JISKIIMS BKJIFOUAIa CIUIOIIHYIO BBIOOPKY 00pa3iioB (1o
OZHOMY OT MalUeHTa) KInHn4eckux Kynstyp MBT co
cpensl JleBenmreitna—iencena, coOpaHHBIX B MapTe—
okTs0pe 2022 1.

Onpenenenue IeKapCTBEHHOW 4yBCTBUTEILHOCTH
uzonsitoB MBT x [1TII npoBoannu metonom abcomroT-
HBIX KOHIIEHTpAUMW Ha IJIOTHOM NMUTATEIbHOM cpene
Jlepenmreiina—lencena (B KOHIIEHTpAILHIX JJIS CTPEII-
TomunuHa — 10 MKr/mia; u3oHHasuga — 1 MKD/Mi;
pudamnunmrna — 40 MKr/Mi; 3TaMOyToIa — 2 MKI/MJT;
odokcanuHa — 2 MKr/mit, kKaHamuiHa — 30 MKr/mit;
kanpeomunmia — 30 MKr/MJI; NPOTHOHAMHUIA —
30 Mkr/mi1) 1 MOAUGUIMPOBAHHBIM METOZOM IPOTIOP-
IMHA Ha KHJKOW MUTATeIbHOW cpene Munienopyka
7HY ¢ npumeHeHneM OaKTEPHOIOTHUECKOTO aHaIn3a-
TOpa C aBTOMaTU3UPOBAHHOM JleTeKen pocra «Bactec
MGIT 960» («Becton Dickinson») (B KOHIIEHTpALUAX
it ctpentomuiimaa — 1,0 Mxr/mut; uzonuazuna — 0,1
MKr/Mi; pudamnuuuia — 0,5 MKr/mir; sTamOyTona —
5,0 Mkr/mit; nmupasuHamuga — 100 MKr/Mi1; aMuKaiu-
Ha — 1,0 MKr/mi; kanpeomuiHa — 2,5 MKr/mi,
OenakBuimaa — 1,0 MKr/mur; mpoTuoHaMuia —
2,5 Mkr/mi; neBoduiokcanHa — 1 MKI/MJI; MOK-
cuduokcarmaa — 0,25 u 1 MKr/mir; TuHe30IMIa —
1,0 mxr/min) cormacHo Ilpukasy M3 PD Ne 951 ot
29.12.2014 u Knuanyeckum pexomennanusam «Tyoep-
Kyné3 y B3pocinbIx, 2022».

Oxkctpakiuio JHK mrammos MBT nposoaunu u3
MHAKTHUBUPOBAaHHBIX KunsdeHueMm KyiaeTyp MBT. Ile-
pen BeigeneHneM o0Opasubl neHTpudyruposanu, JHK
BbLIEIsUM U3 ocanka Habopom JTHK-cop6 B («HuTep-
nabcepBucy). [eHOTHITMPOBaHKE OCYIECTBISUN 1O 24
nokycam MIRU-VNTR (Mycobacterial Interspersed
Repetitive Units — Variable Number of Tandem
Repeats)'. Unentudukaumio u xiaccuPUKALUIO 110
MLVA MtbC 15-9 nonyuennsix no MIRU-VNTR-24-
npoduieil NpoBOAMIN C MOMOMIBIO OHJIAHH-UHCTPY-
mentoB MIRU-VNTRplus?.

[TocnenoBaTenbHOCTh TECTOB BKIIOYaja Jelie-
LMOHHBIA aHamu3 no RD B peakuusx noamMepasHoOu
LEMHOM peakuuu C 3NIEKTPOPOPETUIECKON NeTeKInen
W aHaJN3 OAHOHYKJICOTUAHBIX TonuMopdu3MoB (SNP)
B I[P B peansHoMm Bpemenu (ITL[P-PB) (puc. 1): RD
105 u RD 207 ¢ Ha BoigBiaenue JIlunuu 2, JIuaun 2.2
(Beijing) u rpynnsl non-Beijing cornacuo Reed [11];
muddepennmanunio renoruna Beijing Ha COBpeMEHHYIO
W paHHEPEBHIO CYONMHUM IyTEM OMNpeAeICHUs Je-
neruu RD181 cornacao M.B. Reed [11]; ocymectsie-
uue aByx [IIIP-PB ans Bcex mpencrasBurencit Beijing
Ha BBISBJICHHE CHCNU(DUUCCKON NTUHYKIICOTUIHON Jie-
neuun B reHe kdpD’ u cneunduyeckoro SNP B rene

URL: http://www.miru-vntrplus.org/MIRU/miruinfo.faces;jsessi
onid=89112F274226E781C7B0B0D9118FDD70

URL: http://www.miru-vntrplus.org

Eurasian Patent Ne 032489. Oligonucleotide primers, fluorescent
DNA probes and a method for detecting Mycobacterium
tuberculosis clonal complex 2 — W148 of the Beijing genotype

pks17 [12] nns uaeHTUGUKALIANM POCCHHCKOTO SITH-
nemudeckoro cyortuna Beijing BO/W148 u Beijing
Central Asian Russian cyOTuma; BBIIOJIHEHHE TPEX
[TLIP-PB nns Bceit rpynnsl non-Beijing mramMmoB ¢ e-
JIbIO YCTAHOBJICHUS IPUHAAJICKHOCTH K TEHOTHIIaM €B-
po-aMepuKaHCKOM TuHUM (1714 reHotuna S — B Rv0557
[13, 14]; renoruna LAM B — Rv3062 [15]; Ural — B
rere CinA [13]). [Ipaiimepsl ¥ 30HABI IPENCTABICHEI B
Tadu. 1.

VYenoBusa nna nposenenus [ILP: B TeyeHue
45 uuknos c¢ peaktuBamu AmpliTaq Gold 360 Master
Mix («Applied Biosystems») B mpucyrcTBum 1x pac-
TBOpa HXaHCepa M3 TOro e Habopa Ha aMITU(HKa-
tope «CFX-96 Touch» («BioRady). Pexxumsr [T1P-PB:
95°C — 10 muH, axtuBanus nomumepassl; 95°C —
15 c¢; orxur 60-64°C (B 3aBHCUMOCTH OT TeCTa) —
10 ¢; 72°C — 20 c. Ilpu OTCYTCTBUU MapKepoB, HC-
MOJIb30BaHHBIX B SNP-aHanuse, MITaMMbl CUHMTAIH
kak «Beijing apyrue» u «non-Beijing apyruey. ns
COIOCTaBJIEHUsl pe3yasratoB Tunuposanus (MIRU-
VNTR-24 u SNP-ananu3) npo¢unnu COOTHOCHIH TIO
0azam nanHbIX reHotunoB Beijing [16], LAM [17],
Ural [18], S [19], Lineage 4 [20].

Kpumepuu coomeemcmeus

KputepusiMu BKITIOUE€HUS B KOJUIEKIUIO IITAMMOB
ObUTH JIeTIepCOHATM3UPOBAHHBIE JaHHBIE O OOJBHBIX
Th: npoxxuBanue B KemepoBckoil obnacTu, JeueHne B
MPOTUBOTYOEPKYIE3HBIX AMCIIaHCEPax, BO3PACT CTap-
uie 18 ner.

Kputepun uckmodenus: Bozpact menee 18 ier,
OTCYTCTBHE OAKTEPUOBBIICICHUS.

Smuyeckasa 3Kcnepmu3sa

UccnenoBanue 0mo0peHO ITHUECKUM KOMHTE-
ToM KeMepoBckoro rocygapCcTBEHHOIO MEAMIIMHCKO-
ro ynuBepcureta (mpotokon Ne 255/k ot 11.11.2020)
n OtuyeckuM KomuteroM Haywnoro nentpa 3xo-
POBbsI CEMbU M PENpPONYKIUH 4YesloBeKa (IIPOTOKOI
Ne 4 or 12.04.2023). Best uadopmanus 06 obpasuax
MBT, uCnonabp30BaHHBIX B 3TOM PETPOCIEKTUBHOM UC-
CJIEZIOBAaHMM, UCKIIIOYANa JIMYHYI0 HH(OpMALHUIO O ma-
LUEHTaX.

Cmamucmuyeckut aHanu3

CrarucTryeckyo 00pabOTKy AaHHBIX MPOBOIHIH
B pelakTope 3MeKTpoHHbIX Tabmui «MS Excel 14.0» u
B nporpamme «GraphPad Prism 7». [locne npoBenenust
TECTa Ha HOPMAJIBHOCTH ¢ momouibio Tecta Illanmupo—
VHiKa KOMMYECTBEHHBIC IMOKA3aTeNld MPEICTaBIsUIA B
Buje Meauansl (Me) U MHTepKBapTHILHOTO JAMANa30Ha
[IQR]. HomuHanbpHBIE TaHHBIC OMKCHIBAIN C YKA3aHUEM
a0COMIOTHBIX 3HaY€HWH W TPOUEHTHBIX goneld. Kpure-
puii x> ObLT HCIONB30BaH /Ul OOHAPYKEHHUS 3HAYMMBIX

in clinical samples. 02.05.2023 URL: https://www.eapo.org/en/
publications/publicat/viewpubl.php?id=032489


http://www.miru-vntrplus.org
https://www.eapo.org/en/publications/publicat/viewpubl.php?id=032489
https://www.eapo.org/en/publications/publicat/viewpubl.php?id=032489
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Ta6bnuua 1. CTpyKTypbl NpariMepoB 1 30HA0B, pa3paboTaHHble ANs UHAMKaUMKn cybTMnoB reHoTuna Beijing u reHoTMnos

eBpo-amepukaHckon nuHum (LAM, S, Ural)

Table 1. Primers and probes designed to identify Beijing genotype subtypes and Euro-American line genotypes (LAM, S, Ural)

leHotun,
ey (5, Tenepanype | Metoun cToy e
nosunums Mpavimepsbl OHK-30HabI ’
G ) Annealing 1 30HAOB
enotype, Primers DNA-probes '
temperature, | Source of primer and
subtype (gene) .
" C probe sequences
position
Beijing, F 5-GGCGGCACGATTTCG GCTAC-3' 5'-FAM-GGCGGGCTCA[LNA-C] 64 Eurasian Patent
BO/W148 R 5-TCGTCGTCAATCACCAAGACGA-3' AGI[LNA-T]GGTGATC-3-RTQ1) N 032489
(kdpD) 5'-R6G-GGCGGG CTCA[LNA-G]
1151304 TGGTGATCGILNA-A]T-3'-BHQ2
Beijing, Central  F 5-AGGTCGATGGGGCCTGGAATT-3', 5'-FAM-ATGAGCTCAC(G-LNA) 62 [23]
Asian Russian R 5'-GAAAACAACACAAACGCTGACAC-3' CGGC(A-LNA)CCTG-3'-RTQ1;
(pks17) 5'-R6G-ATGAGCTCAC(C-LNA)
1887060 CGGC(A-LNA)CCTG-3'-BHQ2)
S (Rv0557) F 5'-GCATTCCGATGACAGCACG 5'-FAM- 60 HacTosiwee
648992 R 5'- GATTCCATTGTCGCTGTGGA GGTTCCGCCACTTGCATCG uccnenoBaHvie
(G-LNA)CT -BHQ1; This study
5'-R6G-
GGTTCCGCCACTTGCATCG
(C-LNA)CT -BHQ1
Ural (CinA) F 5-GACCTGATCGTCACCAGCG 5’-FAM-GACCGCCGACGATATGA 62 Hactosiwee
2147906 R 5-CGTCCAGCACCAGCTCGC [T-LNA]JCG-BHQ1; nccrnegoBaHue
5'-R6G-GACCGCCGACGATATGA This study
[C-LNA]CG-BHQ1
LAM (Rv3062) F 5-TGGTGCTCGCGGTGGAATGG 5-FAM-CGCGGCAAGCTCTC 62 Hactosiwee
3426795 R 5’-CATCACGAATCCACCGGTAG [C-LNAJAATAT- BHQ1; nccrnenoBaHue
5'-R6G -CGCGGCAAGCTCTC This study

[G-LNAJAATAT- BHQ1

pasnuuuii Mexnay AByMs rpymnamu. CKOppeKTHpoBaH-
HbIE TONpaBKoii MeiiTca 3Hauenus 2 U p GbLIM paccuu-
TaHbl ¢ 95% noBepUTENbHBIM MHTEpBaJOM. Pazmuuus
CUUTAIM CTATUCTUYECKH 3HAYMMBIMHU 11pH p < 0,05.

PesynbraTbl

YuacmHuku ucciedosaHus

B uccienoBanue ObUIA BKIIOYEHB! 163 KimHUYe-
CKUX M30JI51Ta, B3SATHIX OT OONbHBIX (126 MyxunH u 47
skeHIuH) Th, mpenMyIecTBEHHO BIEPBHIE BBISBIEH-
HBIX (83,9%). OT naunentoB ¢ BUY-undexuneit noiy-
yeHsl 84 (52,8%) oOpasua. Knuanueckumu popmamu
Tb Obumm unduisTpatuBHed (38,5%), AucceMuHU-
poBanHsblit (41,6%), Gubpo3Ho-kaBepHO3HBIH (5,0%),
Kazeo3Hass mHeBMOHUs (6,8%), TyOepkynémbr (4,3%)
n€rkux, 4 (2,5%) cnyuas Baenérounsix ¢popm Th. Oc-
HOBHAsl KIMHUYEcKash MHQopMmanus o ManueHTax, OT
KOTOPBIX TOJIyYEHBI UCCIIEAYEMBbIE U30JIATHI, IPEICTaB-
JeHa B TadJI. 2.

st onpeneneHnss TeHOTUIIMYECKOH CTPYKTYpBI
nonysiu MBT ucnonb30Bany KOMOMHAIIUIO MOJICKY-
JISIPHBIX METOAOB Pa3BEPHYTON CXEMbI T'€HOTHIIMPOBA-
HUS U 3Kcnpecc-MeToasl SNP-aHanu3a — BbISIBICHHUE
MapKepOB TEHOTHIIOB MO CIEHU(PUISCKUM Ui HHX
SNP. IlepBbiM 3TarioM ObLT TPOBENEH JACICIUOHHBIN
aHanu3 no pernoHam paziauuus RD 105 m 207 Bcex
00pa3LoB, KOTOPBIA pa3aenusl BEIOOPKY Ha 2 TPYIIIHL,

u3 Hux 110 (67,5%) u3 163 u3014TOB MpUHAAIEKAIH
Kk Beijing-renoruny, ocraibHbie 52 OmnpezicicHbl Kak
non-Beijing u 1 cmemannwiii obpazen (Beijing/non-
Beijing — mix). Bce Beijing-muramMmmel umenu nene-
uuo B peruoHe pasznuumii RD 181, oHM oTHeceHBI K
COBPEMEHHOH MOUIMHUM TOTO TEHOTHIIA.

Pesynemamer MIRU-VNTR-munuposaHus

MIRU-VNTR-24-nokycHoe tunupoBanue 163
LITaMMOB BBISIBIIIO 75 mpoduiel, KiiaccupuuupoBaH-
HbIX 10 MLVA MtbC15-9 cxeme (puc. 2), 29 u3 xoto-
pBIX mpuHaaiexkanu Beijing u 46 — non-Beijing. Ilo
pe3yibraTaM reHOTUIHpOBaHus, Kpome Beijing, Obuin
HUACHTU(QHULIUPOBAHBl T€HOTHUIIBI E€BPO-aMEPHUKAHCKON
renernueckoit nuauu (L4): LAM (6,7%; 11/163),
Ural (7,4%; 12/163), Haarlem (4,9%; 8/163) u rpynna
LITaMMOB, OTHOCsAMHKXCA K L4, HO He maromux oxHO-
3HAYHOW ITPUHAMJIEKHOCTH K OIPEICIEHHOMY I€HOTH-
1y 1o 24-10KycHOMY NPO(UITIO U YCIIOBHO Ha3bIBaeMasi
L4-unclassified (12,9%; 21/163) [20]. CmemiaHHbIi
oOpa3zer; Héc npodwim renorunos Beijing u Ural. K
reHotuny Beijing mpunaanexanu 85 KiacrepuzoBaH-
HbIX 1301TOB: TUIbl 100-32 (29 uzonstos) u 94-32 (50
M30JIATOB), & TaKxkKe 10 3 mramma ¢ npoduismu 1065-
32 u 1068-32. I'pynna non-Beijing nmena 5 knactepos,
KayKABIH U3 KOTOPBIX coneprxai 2—3 uzomnsara (LAM-re-
morturma — 121-496 u 1119-52; Ural — 163-15;
u 4 npodust, npunamiexammx L4 unclassified).
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Tabnuua 2. O6wasn xapakTepucTika nccriegyemom Bolibopku wtammoB M. tuberculosis
Table 2. General characteristics of the studied sample of M. tuberculosis strains

MNokasartenu
Characteristics

Bnepsble BbisiBNeHHble crydyaun Th?
Newly identified cases of TB?

PaHee neyeHHble cnyyam TBP
Previously treated TB cases

MyxuumHebl, %; n (OWN) | Men, %; n (Cl)

MosutueHbI BUY-cTatyce, %; n (AN)
Positive HIV status®, %; n (Cl)

CpenHuit Bo3pacT Ha MOMeHT BbisiBneHunss T, Me [IQR]:
Mean age at TB detection, Me [IQR]:

MYX4MHBI | men
KEHLWMHbI | women

KnuHnueckne dpopmbl Tb nérkux, %; n (AN):
TB clinical forms, %; n (CI):

MHMUNBTPaTMBHLIN | infiltrative
OVCCeMMHNPOBaHHBIN | disseminate
unbpo3HO-kaBepHO3HbIN | fibrous-cavernous
ovarosebl | focal

Ty6epkynemsl | tuberculoma

Ka3eo3Hasi MTHEBMOHMS | caseosis pneumonia

Hpyrue nokanusaumu TB, %; n (ON):
Other TB locations, %; n (CI):

TB BHYTpUrpygHbix numdoysnos | TB of intrathoracic lymph nodes
TB MeHuHruT | TB meningitis

JlekapcTBeHHas yctonumBocTkS, %; n (OW):
Drug resistance®, %; n (Cl):

YyBCTBUTENbHbIE | sensitive
MOHOPE3UCTEHTHbIEe | monoresistant
nonmpesncTeHTHoble | polyresistant
MNY | multidrug-resistant TB:

13 Hux npe-LUNY? | of them pre-extensively drug-resistant

97; 71,9 (63,7-78,8)
75; 56,4 (47,9-64,5)

41,3 (29,4-53,2)
44,5 (31,1-57,9)

58; 43,0 (34,9-51,4)
58; 43,0 (34,9-51,4)
5; 3,7 (1,4-8.6)
2;1,5(0,7-5,6)
2;1,5(0,7-5,6)
6; 4,4 (1,9-9,6)
3; 2,2 (0,5-6,6)
1;0,7 (0,1-4,5)

54; 40,0 (32,6-49,1)
10; 7,4 (4,0-13,4)
19; 14,1 (9,3-21,3)

52; 38,5 (31,2-47,6)
9; 17,3 (9,1-30,0)

18; 69,2 (44,0~77,4)
9; 40,9 (23,2-61,3)

38,5 (28,1-48,9)
40,0 (28,2-51,8)

4; 15,4 (5,5-31,1)

9; 34,6 (19,3-53,9)

3; 11,5 (3,2-29,8)
0

5; 19,2 (8,1-38,3)

5; 19,2 (8,1-38,3)

4;15,4 (5,5-34,1)
1; 3,8 (0-20,5)
0
21; 80,8 (61,7-92,0)
4;19,0 (7,0-40,6)

MpumeyvaHume. 2MHdopmaLms o rpynne AMCNaHCEpHOro y4éTa, CBeAeHMS O knnHnyeckmnx popmax Th 6bina goctynHa ansa 161 nauveHTa
(135 BnepBble BbISIBNEHHbIX U 26 paHee neveHHblx 60nbHbIX); AaHHble BUY-cTtaTtyca — anst 155 nauuneHToB (cooTBeTcTBEHHO Anst 133
1 22 BonbHbIX); AAHHbIE O NeKapCTBEHHOW ycTonunBocTy nsonatos MBT — ans 159 nauneHToB (cooTBeTcTBEHHO 133 1 26 6ONbBHBIX).
bPaHee neyveHHble cryyau Bknoyanu peuname Th, neveHne nocne HeaheKTUBHOIO Kypca XMMUoTEpanuu, Nie4eHne nocrne npepbiBaHns

Kypca XxumuoTtepanuu, I'IepeBe,Cl,éHHbllZ AONAa NPpoAOIKEeHUA neyvyeHuns.

°Pacnpe,u,eneH|/|e n30n4TOB No J'IeKapCTBeHHOIZ yCTOI;I‘-II/IBOCTVI MMEeNo 3Ha4YuMMble OTNINYMA cpeau BnepBble BbIABMEHHbIX U paHee NeYeHHbIX

cnyyaeB Tb (x?; df = 3; p = 0,002).

dPacueT nponsseaéH k obLemy konuyecTsy wrtammos B MJTY u npe-LUNTY.
Note. 2Information on the dispensary group, data on clinical forms of TB was available for 161 patients (135 newly identified and 26 previously
treated patients); HIV status data — for 155 patients (respectively for 133 and 22 patients); data on drug resistance of MBT isolates — for

159 patients (133 and 26 patients, respectively).

®Previously treated cases included: relapse of tuberculosis, treatment after an ineffective course of chemotherapy, treatment after interruption

of the course of chemotherapy, transferred to continue treatment.

°The distribution of isolates by drug resistance had significant differences among newly identified and previously treated TB cases (x?; df = 3;

p = 0.002)

dCalculation was made for the total number of strains in MDR and pre-XDR.

Pe3synemamel SNP-aHanu3za u conocmasneHue
¢ daHHbIMu MIRU-VNTR-munuposaHus

tamMer Beijing ObtM mpoTECTHPOBaHBI Ha
HaJIMYMe MAapKEPOB OCHOBHBIX POCCHUHCKHX CyOTH-
noB. Beijing Central Asian Russian BeisiBien B 39,9%
(65/163) cmyuaeB o6meii BbeIOOpKH, Beijing B0/
W148 — B 20,9% (34/163). Ocranbhbie 11 mTamMMoB
He umenu SNP, cnenmduueckux ais Bellienepedunc-
neHHbIx cyOTumnoB. Beijing BO/W148, onpenensieMsbiit
[0 HAJIMYMIO JieJenuu B reHe kdpD, coctosut B 00Jib-

HIMHCTBE ciy4yaeB u3 mrammoB 100-32 (85,3% —
29/34), a Takxe pa3HOOOpa3HOH IrPyMITEl ¢ MPOQUIIMU
100-387, 1048-499, 1075-32, 99-32, 9370-32. CyOTun
Central Asian Russian Hanbomnee yacto ObLI IpeacTaB-
neH npoduiiem 94-32 (76,9% 50/65), a Taxxke pa3Ho-
0o0pa3HOW Tpynnold WHAWBUAYAIbHBIX MpopuiIcH u
2 xiacrepusoBaHHbIX (1065-32 u 1068-32). Cpenu
52 non-Beijing-n3on1T0B 1 1 miX B TeCTUpPOBaHUH Ha
TeHOTHUIIBl E€BPO-aMEPUKAHCKOW JHMHUKM OblIM OOHa-
pyxeHnsl npencrasutenu LAM (6,7%; 11/163), Ural


https://www.translate.ru/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9/tuberculoma
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Beijing other

Beijing Central Asian Russian
Beijing Central Asian Russian
[Beijing Central Asian Russian |
[Beijing Central Asian Russiar |
——[Beiling Central Asian Russian |
L (Beling Central Asisn Russian |
[Esiing other]

Beijing Central Asian Russian

[Eeiing otfer]

—
Beijing other
Beijing other
Beijing other
(L4 unchssified
[Eeiling other]

T

al
Haarlem

Haarlem

—
L [Haarlem
[ | Haarlem
Haarlem
{ L4 unclassified
— (L4 unclassified
L[4 unchssifie 1
u (3 unclassiied]
i L4 unclassified { 2 naonaTa}
[Haarlem]

L4 uncl d

L4 unclassified

(L4 unclassified |
L4 uncl d
L4 uncl d
L4 unclassified
I

L4 unclassified

unclassified

g

LAT
LAM {2 waonaTa}

=

E LAM {3 nsonaTal

[Beijing B6/W145 {25 naonatoa}] 1 100-32
Beijing BO/W145] 34 98-32
Beijing B0/AW1AE) 74 1075-32
Beijing other 20 732
90 9370-32
L [Bsijng BOAW14S] 44 100-387
Beijing Central Asian Russian {50 wacnaToa) |4 94-32
Beijing Central Asian Russian (3 w3onata}| 7 1068-32

Beijing Central Asian Russian (3 wsonatat]| 10 1065-32

112 1078-32

32 10520-32
156 9125-32
29 97-32

51 9128-32
189 1718-32
87 94-15
127 94-387
181 230-32
37 5552-32
50 7308-32
183 1048-489
89 407-122
106 7-32

114 10885-32
123 732

105 10513-15
139 3365-15

12 7111
43 215
73 715

2 215

6 13877-15
52 15
22 15
58 215
107 715
14 215
46 16315
60 7578
152 15
97 15
15 715
61 220-15

113 13212-15
132 9110-15

92 82-15
70 3124-15
98 715
102 715
157 7-26

24 15

47 715

40 15

41 715
128 715
112 785
109 62

17 7-686
49 782

23 15
184 715

25 715
121 15

64 215
104 15
134 15
138 215

11 752

54 111352
55 127052
130 11567-52
137 52

71 801251
77 121-496
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Puc. 2. UPGMA-geHaporpamma MIRU-VNTR-npoduneir 163 wrtammoB M. tuberculosis n3 Kemepockoit obnacTu.
Kamp,aﬂ CTpOKa COOepXUT AaHHble n3onsdTta c I/ID,eHTI/ICbI/ILlI/IPOBaHHbIM reHoTUNoM B XEntom broke ¢ yKasaHuem KonmyecTtBa B Clly4ae BblsAB-

NeHnst NAEHTUYHBIX Npodunen; naeHTUMUKaLMOHHOro HoMepa usonsara

; MLVA MtbC15-9 Tvna; uncna noBTOPOB B KaXO0M U3 24 NOKyCOB.

Fig. 2. UPGMA dendrogram of MIRU-VNTR profiles of 163 M. tuberculosis strains from the Kemerovo Region.
Each line contains isolate data with an identified genotype in a yellow block indicating the number of isolates if identical profiles are detected;

isolate identification number; MLVA type MtbC15

(7,4%; 12/163) u rpynma u3 29 mraMMoB 0e3 crieiu-
¢uueckux mapkepoB. B cmemanHoM oOpas3iie BBISBICH
TOJIBKO Mapkep reHotuna Ural.

lenotuner MBT u ux cyOTunbl, KiaccuuImupo-
Banuble Mo MIRU-VNTR-24-npodusnsm, MoIHOCTBIO

-9; number of repeats at each of the 24 loci.

coBmaganu c pesyasraramu SNP-anamuza (Tadua. 3).
Beijing Central Asian Russian u Beijing B0O/W148
BKJTIOUAJIH M30JISITHI ¢ MPOQWISIMH, TPUHAJICKAIUMHU
TOJBKO K 3TUM CyOTHIIaM, COTJIaCHO HauboJjee MOTHO-
My karanory [16]. I'pynna «Beijing npyrue» He umena
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Tabnuua 3. ConocraeneHue pesynsratoB MIRU-VNTR- u SNP-TunupoBaHus

Table 3. Comparison of MIRU-VNTR results and SNP typing

leHoTun, cy6TMN (BbISIBNEHHbIE

MIRU-VNTR-24-reHotunupoBaHnue | MIRU-VNTR 24 genotyping

wrtammbl B SNP-aHanu3se)
Genotype, Subtype (strains
identified in SNP analysis)

YMCIO BbISIBMNEHHbIX
LITaMMOB
identified strains

MLVA MtbC15-9 tun* (n)
MLVA MtbC15-9 type * (n)

94-32 (50); 94-15 (1); 94-387 (1); 97-32 (1); 230-32 (1); 407-32 (1);

1065-32 (3); 1068-32 (3); 1718-32 (1); 7308-32 (1); 9125-32 (1); 9129-32 (1)

Beijing Central Asian Russian (65) 65
Beijing BO/W148 (34) 34
Beijing, opyrve 1"
other Beijing (11)

LAM (11) 11
Ural (12) 12
S (0) 0

non-Beijing apyrue (29)
other non-Beijing

29, B TOM yucre |
including Haarlem (8)

100-32 (29); 100-387 (1); 99-32 (1)
1048-439 (1); 1075-32 (1); 9370-32 (1)

1076-32 (1); 3365-15 (1); 55652-32 (1); 10520-32 (1); 10885-32 (1);

10513-32 (1);?-15 (2); 2-32 (3)

121-496 (3); 1119-52 (1); 1270-52 (1); 8012-51 (1); 11567-52 (1);

15707-51 (1); 2-52 (2)
163-15 (3); 13877-15 (1); 2-15 (7); ?-578 (1)

OtcytcTBoBanm | Absent

89-15 (1); 290-15 (1); 3124-15 (1); 9110-15 (1); 13212-15 (1); ?-15 (18);

2-26 (1); 2-62 (1); 2-82 (1); 2-85 (1); ?-111 (1); ?-686 (1)

MpumeyaHue. «?» — HeknaccugpuumpoBaHHble no MLVA MtbC Tunbl.
Note. «?» indicates the types unclassified by MLVA MtbC.

MapKEpOB BBILIETIEPEUUCICHHBIX CYOTHUIIOB M Xapak-
TEPHBIX I HUX NpoduiIeH.

Wzonsaram ¢ nHanmmuumeMm mapkepoB LAM u Ural
COOTBETCTBOBAJIU NPO(UIM 3THX K€ FCHOTUIIOB, OXa-
paktepusoBaHHbIX paHee [17, 18]. Hu onun mtamm u3
rpymnnsl non-Beijing He nmen mpodwied reHotuna S
[19] u ero cnenuduyeckoro Mapkepa. ¥ OCTaBLIMXCS
29 uzonaToB «non-Beijing apyrue» He ObUIO TECTUpYE-
MBIX 3aMEH, OHU OTHOCHWJIMCH K reHotury Haarlem u L4
unclassified no MIRU-VNTR-24.

JlekapcmeeHHasa ycmotivusocmes M. tuberculosis

Tectupoanue MBT mnokasano, 4to TOJNBKO 55
(34,6%) coxpaHWIM JEKAPCTBEHHYIO UYBCTBUTEIb-
HOCTb, B OoJplIIel cTemeHu 3a CUET BIIEPBBIC BBISAB-
neHHbIx ciy4daes (40,0% npotus 15,4% panee neuen-
HbIX). OcranbHble OBUIM YCTOMYMBBI K THpernaparam
l-ro psga B pasiMYHBIX KOMOWHAIMSAX, TaKHUM Kak
n3zonunazua (59,1%), pudamnuimn (46,5%), crpento-
mutuH (58,5%) u stamOyrton (43,4%), u x mpenapa-
TaMm 2-ro psina, BKiIrodas stuoHamu (6,9%), odrnokca-
nuH (8,2%), kanamuius (5,0%), kanpeomunut (3,1%),
napaaMHUHOCATMLIUIOBYI0 KHCIoTy (1,9%). YuurteiBas
He/IaBHUE U3MEHEHUs B OTIPEENCHNUAX HIMPOKOH JieKap-
crBeHHo# ycroiunBoctH (LLUUTY) u mpe-1LUTY, cTpykry-
pa JIeKapCTBEHHO-YCTOMUMBBIX IITAMMOB NIPECTAaBIECHA
B Tab0n. 1 u Tadma. 4. MJIY, onpenensiemast Kak 0JJHOBpe-
MEHHasl yCTOMYMBOCTh K pUpaMITUIUHY U M30HUA3HTY,
BbLsIBIICHA Y 74 (46,5%) u30iaTOB (B TOM umcie y 46 u3
84 mramMmoB, BiACIEHHBIX 0T BUY-uHpHUIMPOBaHHBIX
ManuenToB), U3 HUX 13 — mpe-LLUTY (MJIY ¢ nonosn-
HUTEIBHON YCTOHUUBOCTBIO K OHOMY M3 (PTOPXHHOJIO-
uos*). IIIJTY — MJTY ¢ pe3uCTeHTHOCTRIO K JII00OMY

* WHO. World Health Organization (2021). Meeting report of

(TOPXMHONIOHY M KaK MUHMMYM K OAHOMY AOIOJHU-
TEJBHOMY mpenapary 2-ro psaa (OSHakBWIMHY W/HITH
JIMHE30/MMAY ) —He OblIa BBISBIICHA HU B OIHOM CIIyvae.
B nenoM ycrodunBOCTh K OCIaKBIIMHY ObLla omnpesie-
nena y 3,1% (5/161) mrraMMoB: 2 MOHOPE3UCTEHTHBIX,
2 nonupe3ucteHTHhIX U 1 MJIY-mtamma. I[IpucyrcrBue
(hEeHOTUMUYECKOH YCTOMYMBOCTH K OCIAKBUIIMHY MOKET
OBITH CBSI3aHO C €CTECTBEHHOH PE3UCTEHTHOCTHIO [21,
22], Hemb3sl UCKIIOUNTh M BO3MOKHOCTh TEXHHYCCKUX
omnOoK. OXHMIaeMO, YTO B CIEKTpE JIEKapCTBEHHOMH
ycroiuuBocTu M. tuberculosis oT OOJBHBIX, paHee MOITy-
yapiux [1TII, 3Haunmo yaie Bctpeyanucs ciaydaun MJIY
(p = 0,004). BmecTe ¢ TeM 4YacTOThI BBISIBJICHUS TIpe-
[TY-mrtaMMOB HE MMEIM 3HAUYUMBIX PA3JIM4YMH y Ia-
LIUEHTOB C HCTOPHUEH JIEYEHHs U HOBBIX cinydaeB Th
(p = 0,283). Lrammer or BUY-uHumpoBaHHBIX
c Oompmeid yactoroli mnokaspiBamu MJIY-npoduis
(54,8%), yem MBT ot 6onbabIX ¢ Th 63 BUU-undek-
iy (35,2%; p = 0,005).

OcHoBHble KNTUHUKO-OuazHocmuyveckue
Xapakmepucmuku Tb, 8b138aGHHO20 pazNUYHbIMU
2eeHomunamu u cybmunamu M. tuberculosis

Crpatudukanus ocCHOBHBIX XapakTepuctuk Th B
cootBercTBUM ¢ reHoruniom MBT mnokasana psjn 3axo-
HOMepHOocTel (Tad. 5). CxomHoe pacnpeaeneHmue u3o-
JISITOB OTMEYAETCSI [IPU PA3IHMYHBIX KIIMHUYECKUX POp-
Max Tb, koropoe oTBeyaeT OOIICH TI'€HOTUITUYECKOM
CTPYKType u3y4daemoii BbiOopku. OHaKo cpenu paHee
nedeHHbIX cinydaeB Th vactora reHoTuna Beijing BbI-

the WHO expert consultation on the definition of extensively
drug-resistant tuberculosis, 27-29 October 2020. World Health
Organization. 02.05.2023.

URL: https://apps.who.int/iris/handle/10665/338776
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Tabnuua 4. JlekapcTBeHHas yCTOMYMBOCTb WTamMmmoB M. tuberculosis ot 6onbHbIX T ¢ pasnuyHbiM BUY-ctatycom
Table 4. Drug resistance of M. tuberculosis strains from TB patients with different HIV status

BNY-no3nTnBHbIE NALMEHTbI BWY-HeraTnBHblE NaLMEHTbI O6wwas Bbibopka
MokasaTenn nekapcTBeHHoOM HIV positive patients HIV negative patients Total sample
YCTONYMBOCTU (n=284) (n=71) (n=159)
Drug resistance
abc. | abs. % (AW | CI) abc. | abs. % (AW | CI) abc. | abs. % (AW | CI)
YyscTBuTENbHBIE | Sensitive 23 27,4 (18,9-37,8) 31 43,7 (32,7-55,2) 55 34,6 (27,6-42,3)
MoHope3ncTeHTHbIe 6 7,1(3,0-15,1) 5 7,0 (2,7-15,8) 11 6,9 (3,8-12,1)
Monoresistant
[MonupesncTeHTHble 9 10,7 (5,5-19,3) 10 14,1 (7,6-24,2) 19 11,9 (7,7-18,0)
Polyresistant
My | MDR 46 54,8 (44,1-65,0) 25 35,2 (25,1-46,8) 73 46,5 (38,4-53,7)
n3 Hux, npe-LUNY 9 10,7 (5,5-19,3) 4 5,6 (1,8-14,0) 13 8,2 (4,7-13,6)

of them pre-XDR

Mpumeyanwme. [laHHbie BUY-cTatyca 6binu goctynHel Ansa 155 cnyyaes; AaHHbIE O NTEKapCTBEHHOMN yCTOMYMBOCTM — A 159.
Note. HIV status data were available for 155 cases; data on drug resistance — for 159.

Tabnuua 5. KnuHnyeckne xapakTepucTuKm, Bbl3BaHHbIE Pa3HbIMU reHOTUNaMm
Table 5. Clinical characteristics depending on different genotypes

Beijing Central Beijing, Non-Beijing,
Be”'?r? ?g/ZV)VMS Asian Russian obuee | total obuee | total
KnuHnyeckme xapaKkTepucTuku/reHoTunbI n - (n=65) (n=110) (n=52)
Clinical characteristics/genotypes
abc. % abc. % abc. % abec. %
abs. an|cly | abs. @anm|cly | abs. | (AU |Cly | abs. | (AN | CI)
OCHOBHble KnHn4yeckme popmMbl T nérkmx:
Major clinical forms of pulmonary TB:
MHUNBETPATMBHEIN | infiltrative 62 12 19,4 25 40,3 42 67,7 20 32,3
(11,3-31,0) (29,0-52,8) (55,3-78,1) (21,9-44,7)
ONCCEMUHUPOBaHHbIN | disseminate 67 11 16,4 29 43,3 44 65,7 22 32,8
(9,3-27,2) (32,1-55,2) (53,7-75,9) (22,8-44,8)
hnbpo3HO-kaBepHO3HbIW | fibrous-cavernous 8 2 25,0 2 25,0 4 50,0 4 50,0
(6,3-59,9) (6,3-59,9) (21,5-78,5) (21,5-78,5)
K | caseosis pneumonia 11 2 18,2 3 27,3 6 54,5 5 45,5
(4,0-48,9) (9,2-57,1) (28,0-78,8) (21,3-72,0)
[pynna avcnaHcepHoOro yyéTa:
Dispensary group:
BrepBble BbISIBIEHHbIE 135 24 17,8 55 40,7 87 64,4 47 34,8
newly identified TB cases (12,2-25,2) (32,8—49,2) (56,1-72,0) (27,3-43,3)
paHee neyveHHbIe 26 10 38,5 10 38,5 23 88,5 5 19,2
previously treated TB cases (22,4-57,5) (22,4-57,5) (70,2-96,8) (8,1-38,3)
BWY-craTtyc: | HIV status:
NO3UTUBHbIN | positive 84 22 26,4 36 42,9 63 75,0 20 23,8
(16,9-35,6) (32,8-53,5) (64,7-83,1) (15,9-34,0)
HeraTuBHbIN | negative 71 10 14,1 26 36,6 41 57,7 30 42,3
(7,6-24,2) (26,4-48,3) (46,1-68,6) (31,5-53,9)

MpumeyaHue. % paccunTaH Ha N LWUTAMMOB B CTPOKE XapaKTEPUCTUKM.

Note. % is calculated for n strains in the characteristic line.

1Ie, 4YeM Cpelu BIEPBbIC BBIABICHHBIX (23/26 mpoTuB
87/135; p = 0,029). Takoe xe 3HAYMMOE IPEBBIIIC-
HHE OOHapykeHo B ciydasx Tb, Be3BaHHOTrO Beijing
B0/W148 (38,5% nporus 17,8%; p = 0,035) Ha done
CpaBHUMBIX YPOBHEH Apyrux cyOTumoB Beijing (mis
Beijing Central Asian Russian: 38,5% npotus 40,7%;
p = 0,828; Beijing nmpyrue: 11,5% mnpotus 5,9%;
p = 0,539). BUU-no3utuBHbIe ciaydaun Th yame Obuin

BbI3BaHbI LITaMMaMu reHoTuma Beijing (75,0% npotus
57,7%; p = 0,026), uem Thb y BUU-HeraruBHbIX 00JIb-
HBIX, 03 3HaYMMOM accouuanuu ¢ Beijing snumemu-
yeckumu cyortunamu (s BO/W148: 26,2% mnportus
14,1%; p = 0,063; nns Beijing Central Asian Russian:
42,9% npotus 36,6%; p = 0,429).

Pacnipenenenue TreHOTUIIOB C 3aBHUCHMOCTH OT
cTaryca JIEKAPCTBEHHOW YCTOMYMBOCTU TaKXe UMEIO
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cBOM 0coOeHHOCTH (Tadu. 6). 13 74 MJTY -uzonstos 68
npuHaaiexany K Beijing-renotuny u 7 — K reHeTu-
4ecKoi eBpo-ameprkaHckoi aunun (L4), B ToMm uucne
B CMEIIaHHOM o0pasie. Yposenb MJIY cpenu reHoru-
noB Beijing (61,8%; 68/110) u non-Beijing (11,5%;
6/52) otmuancs (p < 0,001). DnuaemMudeckuii cyoTHI
Beijing BO/W 148 6b11 B 85,3% citydaeB ¢ MJIY + npe-
LY, mpu sToM u3omatel ¢ npodunem 100-32 Tuma,
Kak ¥ ocTajbHble BapuanTel BO/W 148, numenu 6nuskue
yacToThl (82,8 u 100% cootrBeTcTBeHHO; p = 0,748).
B mrammax cyotunoB Beijing Central Asian Russian
MIJTY + npe-IIJTY onpenenena B 50,8% (33/65) cny-
yaeB. Hambonee pacnpocTpaHEHHBI BapuaHT 3TO-
ro cyotuna — Beijing 94-32 Tuma — 3HaYMMO yaie
Héc MJIY + mpe-LLITY (62,0%), uem ocTajibHBIE €ro
Bapuantsl (13,3%; p = 0,003). Uzonsater non-Beijing
ObUIM B OCHOBHOM JIEKapCTBEHHO-4yBCTBUTEIBHBIMU
(59,6%; 31/52). BrisiBnennsle 6 cnmyyaes MJIY cpenu
non-Beijing Bkmouanu npencrasureneii Haarlem, Ural
u LAM. B pasnoo6pa3zHoii rpynme L4 unclassified npu-
CYTCTBOBAJIM TOJNBKO YyBCTBUTEIbHbBIC, MOHO- M TIOJIHU-
PE3UCTEHTHBIC ITAMMBI.

O6¢cyxaeHne

B ycnoBusix orpaHHYEHHBIX PeCypcoB HambOolee
NEPCIEKTUBHO HAIPABJICHUE NPUOPUTETHOIO MOHHU-
TopuHra mramMmoB MBT BeICOKOro pucka nepenadyu B
ueneBol momyisiund. OOs3aTeNbHBIM 3TAallOM TaKOTO
JUHAMUYECKOTO HaOMIOAEHUs SIBISCTCS MEepBUYHBIN
CKPUHUHI LMpKyJIupyowend nonynsuuu MBT B kos-
KPETHBIX YCJOBHUSX, YTO U OBUIO BBHIMOJHEHO HaMHU B
HACTOAILEM HCCIEJOBAHUM HA PAHEE MaJIOU3yYEHHOU
tepputoprn KemepoBckoii obmactu. CoBepiieHCTBO-
BaHME METONOJOrMM MOHHWTOpUHTa Bo30ynutens Th
NyTEM KOMIUIEKCHOTO HCIIOJIB30BAHMS KJIACCHYECKHUX
METOJOB THUIIUPOBAHMSI U JIETKO BOCIPOU3BOIUMBIX
MOJIEKYJSIpHBIX TecToB SNP-ananmza obecneunBaeT
IIPEEMCTBEHHOCTb PE3YJIbTaTOB IIEPBUYHOIO U JUHa-
MHUYECKOTO HAOMIONEHUS] KOHKPETHBIX mTaMMoB MBT,
OTBETCTBEHHBIX 3a HauboJjee akTyalbHble MPOOIEMBI
nepenayu Bo30ynurenst Th. UMeHHo Takoi monxos ObL1
peanu3oBaH B HACTOALIEM HCCIENOBAaHUU, IIE, KPOME
pa3Bépuytoii cxembl MIRU-VNTR-TunupoBanus, Obi-
JI1 NPUMEHEHBI YK€ PAaHEE YCIIEIIHO HCIOJIb3YEMBIE
tectsl Ha Beijing BO/W148 u Beijing Central Asian

Tabnuua 6. eHOTVNBI M NeKapCTBEHHAs YCTONYMBOCTb n3onaToB M. tuberculosis ns Kemeposckow obnactu, % (ON)
Table 6. Genotypes and drug resistance of M. tuberculosis isolates from the Kemerovo Region, % (Cl)

leHoTun/cy6Tun | YyscTBUTENBHBIE Moriopesmc- Monmpesnc- My Mpe-LLNY O6uas ebibopka
o TEHTHblE TEHTHble
Genotype/Subtype Sensitive ) . MDR Pre-XDR General sample
Monoresistant Polyresistant
n 58 1 19 60 13 163
Beijing obLuee 44.8 36,4 57,9 91,7 92,3 67,5
Beijing total (32,8-57,6) (15,0-64,8) (36,2-76,9) (81,5-96,8) (64,6—100,0) (60,0-74,2)
Beijing BO/W148* 44,8 9,1 53 40,0 40,0 20,9
(0-10,3) (0-40,0) (0-26,5) (28,6-52,7) (28,6-52,7) (15,3-27,8)
Beijing Central Asian 39,7 18,2 36,8 43,3 53,9 39,9
Russian (28,1-52,5) (4,0-48,9) (19,1-59,1) (31,6-55,9) (29,1-76,8) (32,7-47,6)
Beijing apyrue 3,5 9,1 15,8 8,3 0 6,8
Beijing other (0,2-12,4) (0-40,0) (4,7-38,4) (3,2-18,5) (3,7-11,8)
Non-Beijing obLuee 53,5 63,6 42,1 8,3 7,7 31,9
Non-Beijing total (40,8-65,7) (35,2-85,0) (23,1-63,8) (3,2-18,5) (0-35,4) (25,2-39,4)
LAM 6,9 27,3 15,8 0 7,7 6,8
(2,2-16,9) (9,2-57,1) (4,7-38,4) (0-35,4) (3,7-11,8)
Ural 8,6 9,1 15,8 5,0 0 74
(3,3-19,1) (0-40,0) (4,7-38,4) (1,2-14,3) (4,2-12,5)
Haarlem 6,9 9,1 5,3 3,3 0 4,9
(2,2-16,9) (0-40,0) (0-26,5) (1,2-14,3) (2,4-9,5)
L4 inclassified 31,0 18,2 5,3 0 0 12,9
(20,6-43,9) (4,0-48,9) (0-26,5) (8,5-19,0)
Mix (Beijing/Ural) 1,8 0 0 0 0 0,6
(0-10,3) (0-3,7)

Mpumevanue. YyscTBuTENbHbIE — NIEKAPCTBEHHAs YYBCTBMTENbHOCTL coXpaHeHa ko BceM [MTT1; moHopeancTeHTHble — k 1 MTT1; nonupesn-
CTeHTHble — Kk 2 1 6onee IMTI1, HO He Kk pudamnnumHy 1 nsonnasvay; MIY (He WIY) — k pudpamnuumHy n nsonnasmgy v gpyrum MTr1, Ho He
K (pTOpXMHOMoHam 1 6egaksunuHy 1 nuHesonuay. Beijing apyrne — nsonatel reHoTvna Beijing, He umetowme mapkepos BO/W148 u Central

Asian Russian knactepos.
*[laHHble O NeKapCTBEHHOW YCTONYMBOCTY AOCTYNHbI ANns 32 n3 34 ngeHtnduumposaHHbIx Beijing BO/W148.
Note. Sensitive — drug sensitivity is maintained to all anti-tuberculosis drugs; monoresistant — drug sensitivity to one anti-tuberculosis drug;
polyresistant — drug sensitivity to 2 or more anti-tuberculosis drugs, but not to rifampicin and isoniazid; MDR (not XDR) — drug sensitivity to
rifampicin and isoniazid and other anti-tuberculosis drug, but not to fluoroquinolones and bedaquiline and linezolid. Beijing, other — isolates of
the Beijing genotype that do not have markers of BO/W148 and Central Asian Russian clusters.

*Drug resistance data are available for 32 of the 34 identified Beijing BO/W148 strains.
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Russian [23-25] u anpoOupoBaHHbBIC BIEPBbIC CIIOCO-
ob1 nmerekiuu renoturnioB S, LAM u Ural B dopmare
[LIP-PB.

Pesynbrarel MOJEKYISPHO-TEHETHYECKOTO CKpH-
Huara nonymsinguun MBT B Kemeposckoit oGnactu,
MOKa3ajH, 4YTO, KaK U Ha MHOTUX TEPPUTOPUSX a3uar-
ckoii yactu Poccuu, mpeoOnafaroT ImMTaMMbl T€HOTH-
noB Beijing (67,5%) u €ro 3MuAeMUYECKU 3HAYUMEIC
knactepsl Central Asian Russian (39,9%) u BO/W148
(20,9%) [3, 6, 7, 26]. YUacTtoThl OOHApYyKEHHSI OCHOB-
HBIX cyOTHmoB Beijing 03Ky paHee omyOJIMKOBaH-
HBIM AaHHBIM 10 3anaanoii Cubupu (HoBocubupckas,
Tomckas u Omckast oonactu) [10, 20], ogHako 3HAYNMO
OTJIMYAIOTCS OT PEICTABICHHBIX B HEIABHEM HCCIIE0-
Banuu [9], rae nons Beijing cocraBuna 95% BrIOOpKH,
a nonst BO/W 148 npessimana ooHapyxuBaembie B Cu-
Oupu 4acToThl B 2 pasa (46,4%). [Ipu 3TOM KOIHYECTBO
BKIIIOUEHHBIX mTaMMOB u3 KemepoBckoii obmactu B
9TOM HCCIIEIOBaHUM HE MPHUBEICHO U MPENnonaratb o
KaKUX-T100 M3MEHEHHSX B JMHAMUKE CTPYKTYPBI IOKa
HE MPECTaBISIETCS] BO3MOXKHBIM.

B HacTostem ncciieioBanuy rpymmna non-Beijing
TaKXe COCTOsUIa U3 HauboJiee 4acTo BCTPEYAEMBIX T'e-
Hotunos LAM (6,7%), Ural (7,4%), Haarlem (4,9%)
u L4-unclassified (12,9%). ITo yactore BcTpeuaeMOCTH
LAM 3anumaet 2-¢ MecTO B OOJIBIIUHCTBE a3UATCKHX
peruonoB Poccuu (ot 12,0 1o 19,5%) [6-10]. Pacmpo-
ctpanénHocth LAM B eBponeiickoil yactu Poccun u
psne crpan ObiBiiero CCCP Bapeupyet ot 13,3% B Ka-
muHuHrpage 1o 29,4% B Kapenun [17]. HemanoBax-
HYIO poiib cpeau non-Beijing-renorunos urpaer Ural,
paHee CUMTAaBILIUICS MATOBUPYJICHTHBIM U JIEKapCTBEH-
HO-UyBCTBUTEIBHBIM [18, 26], OmHaKo MOIyYHBIIHE
HEJIaBHO PaclpoCTpaHEHUE HOBBIC €r0 SMUIEMHUYECKUE
knactepel ¢ MJIY [27] ompenensioT axkTyalbHOCTb
€ro OTCJIC)KUBAaHUA B cOBpeMeHHOW momyisiuuu MBT.
Htammer Haarlem, oOnapyxennsie B 4,9% ciyuaes
B CUOMPCKHX PETHOHAX, SIBISIOTCS MUHOPHBIMH U TIO
OTHOUICHUIO K JIPyTUM TPEICTABUTENSIM E€BPO-aMepH-
KAaHCKOW JIMHUU M YacTo SIBJISIOTCS JIEKAPCTBEHHO-YB-
CTBUTENBHBIMU, B TO BpeMs Kak B FOxHON AMepuke
3TOT FeHOTUN conpoBoxaaer MJIY B nosnoBuHe cityya-
eB (43,6%) [28]. U3omnsTel TeHOTHIA S HE BCTPEYAIHUCH
B M3y4aeMO BBIOOPKE, YTO MOXKET OBITh €CTECTBECHHBIM
B OIPaHMYCHHBIX YCIJIOBUSX MPOBEICHUSI CKDUHHUHTA U
NpU HE3HAUYUTETbHON LUPKYIALUN 3TOTO TEHOTHIIA B
Cubupu u Ha Jlaneaem Bocrtoke (2—7% cnyuaes), 3a
WCKJIIOYEHUEM €r0 SHAEMHYHOTO PaclpoCTpaHECHUs B
Pecny6nuke Caxa (SIkytun) [6, 10, 25, 26, 29].

Kemeposckas obnacts — Ky3bacc nmeer oauH u3
CaMBbIX BBICOKHX ypoBHeW nepBuuHoi MIIY (35,0%)
B Cubupckom ¢denepanbHom okpyre nocie Pecmybnu-
ku TeiBel 1 HoBocuOupckoii obnactu [30]. IToatomy
BOXHBIM DPE3YJIBTATOM 3TOTO HCCICAOBAHHUS SIBIISETCS
oOHapykeHHe (akTa, 4T0 CTa0MJIBHO BBICOKHH YpO-
Benb MIJIY B mnomymsaiuoHHoi cTpykType (46,5%)
o0ecrieunBaeTcs MPEUMYILECTBEHHO ITaMMaMH TE€HO-
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tuna Beijijng (61,8%). Ero snuaemuueckuii cyotun —
Beijing BO/W148 — 0w B 85,3% cnywyaeB ¢ MJIY
U TPEACTaBIsUl IMATYI0 YacTh MPOaHaIHM3MPOBaHHON
Hamu BbIOOpKH (20,9%). Ilpu sToM wTammel Beijing
B0/W148 ¢ pazusimu npoduisimu MIRU-VNTR ume-
mu MJTY co cxonHol yactorol. [Ipeasiaynime uccie-
noBaHus B 3ananHoi CuOupu mokaszaiiv, 4To TeHOTHUI
Beijing Taxke yame BcTpevancs B oOpasuax MIIY-
Tb (71%) 1o cpaBHenuto ¢ obmwwumu AaHHbIME TI0 Th
(47%) [7, 10]. CoxpaHeHHEe CTaOMIIEHO BHICOKOTO YPOB-
Hs1 MJIY y rereporennoii rpynmsl Beijing BO/W148
TaKKe NMOKa3aHO Ha JIPYTUX TEPPUTOPHSX, B YACTHOCTH
B Bocrounoii Cubupu [6].

Hamporus, B HeomHoponHoi rpynme Central
Asian Russian knactepa o6muii mokasarens MJIY Obin
Huxe, yem y BO/W148 (50,8 u 85,3% cooTBeTcTBEH-
HO), HO IITaMMBbI OiHOTO Tipoduist — 94-32 — umenu
3HauyuMoO OoOnbiryio goio MIIY (62,0%) no cpaBHe-
HUIO ¢ ocTanbHeIMU npodmisamu (13,3%). Oto moxer
OBITh CBS3aHO C MPHUCYTCTBHEM CpEAHM TPYIIbl 94-
32 mrammoB Central Asia Outbreak, koTopbie xapakTe-
PHU3YIOTCSI TEM 3Ke MpoduieM, HO HECYT 3HaUMMO Yallie
MJLY [31]. YuursiBas Gnuzocts kK KemepoBckoii oba-
ctu Kazaxcrana, rae HaOmiomaeTcst TpaMEeHT pacmpo-
crpanéuHoctu Central Asia Outbreak B LleHTpasnbHO#
Asun, a Taxoke 0OHapyXeHHe ITaMMOB 3TOTO CyOTHIIa B
cocennux obnactsax (HoBocubupckoii, ToMckoii), Bbico-
Ka BEPOSITHOCTD CBs13U MJIY MMEHHO C 3TUM BapHaHTOM
B030ynuTens Th. OnHako Ha TaHHOM 3Tare CKPUHUHTA
BBIBJICHHBIN (DaKT TOJBKO HalleNMBaeT Ha Oojee yrimy-
onénnoe uccienosanue Central Asian Russian kiactepa
B JanbHelinieM MoHuTopuHre KemepoBckoit obnactu.

Bricokuii yposens konHpexkuun BUU-Th B Keme-
poBckoit obnactu [30] HamEn oTpakeHUe B CKPUHUH-
roBoii BeIOOpke. bonee monoBuHBI 00pa3LoB cOCTaBU-
au wtammbl MBT, nony4ennsie ot 6onpabix BUY-TH
(56,4%). Ilpn atom BUY-no3utusHbie ciiyyan T vamie
ObUIH BBI3BaHBI IITaMMaMu reHotuna Beijing (75,0%
npotuB 57,7%) u MJIY (54,8% nporus 35,2%), uem
Tb y BUY-neratuBHbIX O0NBHBIX, O€3 3HAYUMOU ac-
coupanuu c Beijing snmuaeMHUUECKUMH KIIACTEPaMHu.
Ilo paHHBIM JApPYTMX POCCUHCKUX HCCIEA0BATENEH
asmarckor dvactu Poccum, acconumanusi codyeTaHHOM
BUY-Thb-undexuun ¢ MJIY sBusercst ycTOHUMBOH,
OJIHAKO CBSI3b C OTJCBbHBIMUA FT€HOTUIIAMH U CyOTHIIAMH
Beijing Hocut HeomHO3HauHBIN Xapaktep [10, 32, 33].
Jl1g BBIICHEHMS pOJIM OCHOBHBIX KJIACTEPOB B pa3BU-
tun coderanHoi BUY-Th-undexkuun Ha TeppuTopun
Kemeposckoli 00acTi HeOOXOAMMBI TUHAMHYECKHE U
Oosiee MacmITaOHbIE UCCIIEIOBAHUS PENPE3EHTATHBHOM
BBIOOPKH 3TOU TPYIIIbI MALIMEHTOB.

Pe3ynbraTsl HCNOIB30BaHUS B HACTOSIILIEM HCCIIE-
JIOBaHUU KOMIUIEKCHOTO IO/IX0/1a MOJIEKYJISIPHOTO aHa-
nu3a upKyiupyomux B Kemeposckoit oomactu MBT
TaK)Ke MOKa3aJi, YTO PACHIMPEHHOE TEHOTUIIHPOBAaHUE
MIRU-VNTR-24 ¢ nabopoM pa3paOOTaHHBIX HaMHU
[TL[P-PB-TecToB MMeeT MOIHYI UACHTU(DUKAIUOHHYIO
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COBMECTHMOCTh. Takod Habop clienyeT AOHONHUTH
TeCTaMH Ha €II€ OJMH 3HAYUMBIM KJIacTep I'eHOTUIA
Beijing — Central Asia Outbreak — u psim MUHOPHBIX
TeHOTHUIIOB eBpo-aMepukaHckoi nuaun (Haarlem, T)
U 3HJIEMUYHBIX CyOTHUIIOB reHotuna Beijing (B uacrt-
HoctH, 1071-32 u 14717-15), uToOBl OXBaTUTH OoJice
95% nonynauun MBT, xapakTepHOW nis a3MaTCKUX
tepputopuii Poccun. B mpencraBnenHoMm Habope Te-
CTBI MOTYT OBITH YK€ PEKOMEHIOBaHbBI AJIsi OBICTPOTO
CKPHHMHIAa PETPOCHEKTUBHBIX KOMJIEKIUN U IJs Tpo-
CIIEKTUBHOIO MOHUTOPHHIra mrammoB MbBT.

Ozpanuuenua uccnedoseanus. Hactosiee wc-
clleloBaHHE OBLJIO OrpaHMYEHO BHIOOPKOM IITaMMOB
MBT, BbIsiBIEHHBIX Yy OOJBHBIX, MOTYYaBIIMX Ipeu-
MYILECTBEHHO CTallMOHAPHOE JIEYEHHE B IPOTHBOTY-
Oepkyné3HbIX nucnancepax KemepoBckod oOnacTw,
YTO OTPa3Wioch B Oosee BBHICOKOH Jone JieKapCTBEH-
HO-ycroiuuBbIX u3onaToB MBT 1o cpaBHenuto ¢ mo-
MyJSIMUOHHBIMU  HcciieoBaHusMU. Kpome Toro, Mbl
HE CMONIX ucnoib3oBars tunuposanue MIRU-VNTR
1o 24 nokycaMm Ajs onpeneneHus: reorumna 21 u3omns-
TOB, OTHECEHHBIX K non-Beijing u crpynnupoBaHHBIX B
rpynmny L4 unclassified.

3akniouyeHuve

BbIsIBIEHO TOMWHHPOBAaHHE W3OJSATOB TPYIIIIBI
Beijing (67,5%) u ero snuaeMHYECKUX KIACTEPOB
Beijing Central Asian Russian u BO/W148 (39,9 u
20,9% COOTBETCTBEHHO), KOTOPHIC 3HAYUMO OTJIMYa-
nuck 1o ypoaaMm MJIV (50,8 u 85,3% cooTBeTcTBEH-
Ho; p = 0,005). BropbiMu 110 pacripocTpaHEHHOCTH ObI-
JIM IITaMMBI eBpO-aMepukanckoid muaun (31,9%): LAM
(6,7%), Ural (7,4%), Haarlem (4,9%) u L4-unclassified
(12,9%). MJTY cpeau 5THX MUHOPHBIX TEHOTUIIOB OBbI-
Jla 3HaYMUTENFHO HIDKE, YyeM cpeau Beijing, u cocras-
msuia 11,5% (p < 0.001) ltammer ot 6onbHeix BUY-
Tb (56,4% obiueli BeiOOpKM) Hecau yarie MJTY-nipo-
b (54,8%), yem B ciyuasix Th 6e3 BUU-unpexnn
(35,2%; p = 0,005), yTo MOKET OBITH CBA3aHO C OoJce
BBICOKMMH YpoBHsIMHU Beijing B rpynme 6onpHbix BUY-
Tb (75,0% npotus 57,7%; p = 0,026). Ilokazana mosn-
Hasi COMOCTaBHMOCTh pa3pa0OTaHHBIX HAMH TECTOB
SNP-ananu3a il BBISIBICHHSI OCHOBHBIX TEHOTHIIOB
U SNUJACMUYECKU 3HAYMMBIX CyOTHmnoB Beijing, mo-
3BOJIMBIINX OXapaKTepu3oBaTh 75,5% BBHIOOPKH 3KC-
MpPecc-METOIOM.

Hcnons3oBanne 24-nmoxycHoro VNTR-tumupo-
BaHHUSI M SKCIPECC-METONOB IO3BOJHIO ONPEACIUTh
CTPYKTYpy Ppa3iIU4HbIX IeHeThdeckux JmHuid MDBT,
BKJIIOUas JoMHUHUpyomuid Beijing u ero snuaeMuye-
cku 3HaunMmble cyoTunsl Central Asian Russian u B0/
W148, renotunst LAM, Ural u Haarlem, pacnpoctpa-
HEHHOCTH KOTOPBIX B OCHOBHOM COBIAJAET C APYTHMHU
pernonamu 3anaanoii 1 Bocrounoit Cubupu. Ocoben-
HocThio momynsuun MBT Ha Teppuropun Kemepos-
CKOH 00J1acTH SIBISICTCS 3HAYUTENBHOE PacHpoCTpaHe-
HUE mTaMMoB reHotumna Beijing, oonagaromux MITY.
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The adaptive potential of North American subtype H7N2 avian
influenza viruses to mammals
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Abstract

Introduction. H7 subtype avian influenza viruses causing severe epizootics among birds are phylogenetically
different in the Eastern and Western hemispheres. Numerous human infections caused by these viruses in the
Eastern hemisphere indicate that H7 viruses can overcome the interspecies barrier and pose a potential threat of
a new pandemic.The H7N2 viruses with deletion of amino acids 221-228 (H3 numbering) in hemagglutinin (HA)
had been circulating among poultry in the Western Hemisphere during 1996—2006, and had once again been
detected in 2016 in an animal shelter, where they caused cat diseases.

The objective of this study is to elucidate the mechanism of adaptation to mammals of North American H7N2
influenza viruses with deletion in HA.

Materials and methods. The A/chicken/New Jersey/294598-12/2004 (H7N2) virus was adapted to mice by
the lung passages. Complete genomes of original and mouse-adapted viruses were analyzed. The receptor
specificity and thermostability of viruses, HA activation pH and virulence for mice were determined.

Results. The non-pathogenic H7N2 avian influenza virus became pathogenic after 10 passages in mice. Amino
acid substitutions occurred in five viral proteins: one in PB2 (E627K), NA (K127N), NEP (E14Q), four in HA and
six in NS1. Mutations in HA slightly changed receptor specificity but increased the pH of HA activation by 0.4 units.
The NS1 protein undergone the greatest changes in the positions (N73T, S114G, K118R, G171A, F214L and
G224R), where amino acid polymorphisms were observed in the original virus, but only minor amino acid variants
have been preserved in the mouse adapted variant.

Conclusion. The results show that H7N2 viruses have the potential to adapt to mammals. The increase in
virulence is most likely due to the adaptive E627K mutation in PB2 and possibly in HA.

Keywords: H7N2 influenza virus; adaptation to mammals; adaptive mutations
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MoTeHuyman aganTaynm K MAEKONUTAOLWMM BMPYCOB rpunna nTuy,

H7N2 ceBepoamepunKaHCKON NNHUN

Nawko A.B.', PygHeBa U.A.", LLlep6uHuH O.H.', lomakuHa H.®.™, TpewannHa A.A2,
Kynpuanosa U.M.', Tamb6apsaH A.C.2, Tumodeesa E.B.', LLiunos A.A.', CapgbikoBa IK.",
Mpununos A.l', Tumodees b.U.", LLimapoB M.M."3, PazaHoBa E.J1.3, Tumo¢eesa T.A.'

"HaumoHanbHbIN NCCNeqoBaTeNbCKUI LEHTP SNUAEMUONIOTN U MUKPOOUONOTMN UMEHW MOYETHOTO
akagemuka H.®. lfamanen, MockBa, Poccus;

2DepepalbHbIV HAYYHBIN LEHTP UCCNefOBaHNIA 1 pa3paboTKy MMMYHOOMONOrMYeCcKnxX npenapaTos
nm. M.I. Yymakosa PAH, Mocksa, Poccus;

3MepBbiit MOCKOBCKMIA FOCYAapCTBEHHbIV MeANLMHCKNIA yHBepcuTeT um. .M. CeueHoBa (CeueHOBCKMIA YHUBEPCUTET),

MockBa, Poccus

AHHOMauus

BepeHue. Bupycel rpunna ntvy noatvna H7 BbI3bIBAOT TSHXKENbIE 3NM300TUKN Cpean NTUL U runoreHeTn4eckn
pasnuyatoTtcst B BoctouHoM 1 3anagHom nonywapun. MHOrouYMcneHHble cnyvyanm 3apaKeHus Nniogen aTumm Bu-
pycamu B BocTouHOM nonyLliapum ykasbiBaloT Ha TO, 4TO BUpYCbl H7 MoryT npeogonesaTtb MeXBMA0OBOM Gapbep
W NpeacTaBnsaloT NoTeHumnanbHyo yrpody HoBon naHgemun. Bupycel H7N2 ¢ geneunen ammHokmcnot 221-228
(B8 Hymepauun H3) B remarrniotuHmHe (HA) umpkynupoBanv cpeay AoMallHen NTyusl B 3anagHoM nonyliapum B
1996—-2006 rT. 1 BHOBb 6bInn 06Hapy>xeHbl B 2016 1. B NputoTe 4118 XXUBOTHbIX, A€ Bbi3Banv 3a00neBaHmne KOLLEK.
Llenb paboTbl — BbIACHUTb MEXaHM3M aganTauum K MIAEKONUTaLWMM BUPYCOB rpunna ceBepoamMmepuKkaHCKom
nvHun H7N2 ¢ peneunen B HA.

MaTtepuanbl n metoabl. Bupyc A/chicken/New Jersey/294598-12/2004 (H7N2) 6bin aganTupoBaH K Mbilam
naccupoBaHvueM yepes nérkue. NpoBeaéH aHanu3 NonHbIX reHOMOB MCXOAHOIO Y afanTUPOBaHHOIMO K Mbillam
BapuaHTOB Bupyca. OnpeaeneHbl cneunduYHOCTb BUPYCOB K aHarnoram KneTo4HbIX peLenTopoB, TepMoCcTabunb-
HocTb HA, 3HadeHne pH aktnuBaumm HA, BUPYNEHTHOCTb A1 MbILLEN.

PesynbraTtbl. HenatoreHHbin ntuunin Bupyc rpunna H7N2 nocne 10 naccaxen Ha Mbilwax cTan NaToreHHbIM.
B 5 BupycHbix 6enkax npom3oLny aMMHOKUCIIOTHbIE 3aMeHbl: o 1 B PB2 (E627K), NA (K127N), NEP (E14Q),
4 B HA, 6 B NS1. MyTaumm B HA cnabo noBnuvsinmu Ha peuenTopHY CneungUyYHOCTb, HO cnocobCcTBOBanM BO3-
pacTaHuio 3HadeHus pH aktnBauum HA Ha 0,4 eguHunubl. Hanbonbumnm nameHeHnam nogseprcsa 6enok NS1 B no-
snumax N73T, S114G, K118R, G171A, F214L n G224R, rge B UCXOAHOM BapuaHTe Habntogancsa nonnmopdusam,
a B aganTMpoOBaHHOM BapuaHTe COXPaHWUNCh TONMbKO MUHOPHLIE ankTEPHATUBHBIE aMUHOKUCIOTHI.
3akntoyeHue. V13 pesynstaToB cnegyer, 4To Bupychl H7N2 obrnagatoT noteHumanom agantaumm K MnekonmTato-
wmM. BospactaHve BUpPYNeHTHOCTU, cKkopee Bcero, 006ycnoBneHo agantaunoHHon myTauuen E627K B PB2 u,
BO3MOXHO, MyTaumamu B HA.

Knroqeenie cnoea: supyc epurina nodmuna H7N2, adanmauusi K MiekonumarowumM, adanmauyuoHHble Mymauuu

Amuyeckoe ymeepxdeHue. ABTOpbl MOATBEPXKAANT COOMOAEHWE WHCTUTYLMOHAMNbHBIX U HaUMOHAIbHbLIX CTaH-
[ApTOB MO MCMNOMb30BaHWID NabopaTopHbIX XUBOTHBIX B cOOTBETCTBUM € «Consensus Author Guidelines for Animal
Use» (IAVES, 23.07.2010). NpoTtokon uccnegoBaHust onobpeH Kommtetom no atuke HaumoHanbHoro uccnegosarterb-
CKOTO LieHTpa 3NMaeMUonorMm 1 MMKpobuonornm MMeHn novétHoro akagemuka H.®. Mamanen (npotokon Ne 12 ot
28.06.2021).

BnazodapHocmsb. ABTOpbI GrnarofapaT coTpyaHUKOB nabopaTtopun aHanusa reHomoB HULGOM um. H.®. Mamanen
O.J1. BoponuHy, E.N. AkceHosy, M.C. KyHga, H.H. PbixoBy 3a nonHoreHoMHOe CEKBEHMPOBaHWE BMPYCOB Ha nnaTtdop-
me «lllumina».

HNcmoyHuk ¢puHaHcupoeaHusi. ABTOpbI 3asiBMSOT 06 OTCYTCTBMU BHELLUHETO (DMHAHCUPOBAHUS NPU NPOBEAEHUN UC-
crnefoBaHus.

KoHpnnukm uHmepecoe. ABTOpbI AeKNapupyoT OTCYTCTBUE SIBHLIX U MOTEHLMATbHBIX KOH(PIIMKTOB MHTEPECOB, CBS-
3aHHbIX C NyGnunKaume HacTosiLLen cTaTby.

Ansi yumupoeaHus: Nawko A.B., PyoHesa N.A., WepbuHun O.H., JlomakmHa H.®., TpewanuHa A.A., KynpusiHo-
Ba U.M., lambapsH A.C., TumoceeBa E.B., lUnnos A.A., CaabikoBa K., Mpununoe A.l., Tumochees B.U., Lma-
poB M.M., PasaHoBa E.J1., Tumocbeesa T.A. lMoTeHuman agantauuy K MrekonuTaloLwmm BupycoB rpunna ntuy H7N2
ceBepoamMepuKaHckow NuHun. XKypHan Mukpobuosnozauu, anudemuonoauu u ummyHobuonoeuu. 2023;100(6):442—453.
DOI: https://doi.org/10.36233/0372-9311-395
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Introduction

Subtype H7 influenza A viruses are associated
with severe epizootics of avian influenza in poultry,
predominantly of the order Galliformes. H7 influ-
enza viruses are divided into low-pathogenic (non-
pathogenic) and highly pathogenic viruses based
on their virulence properties [1]. Low-pathogenic
viruses circulate asymptomatically among domes-
tic and wild aquatic and semi-aquatic birds [2, 3].
Highly pathogenic viruses are mainly isolated from
domestic birds, in which they cause disease with char-
acteristic signs and are fatal [4]. During epizootics in
affected regions, highly pathogenic H7 viruses have al-
so been detected in various species of synanthropic and
wild birds [5, 6].

Cases of human infection with H7 virus were re-
corded in the twentieth century in individuals that were
in close contact with infected birds. In 2003, the first
mass infection was observed in 82 poultry farm work-
ers during the epizootic of highly pathogenic influenza
subtype H7N7 in the Netherlands. The infection man-
ifested as conjunctivitis and/or mild influenza-like ill-
ness, and in 1 case the disease was fatal [7].

Between 2013 and 2017, 5 waves of H7N9 influen-
za epidemics affected China. Both low- and high-patho-
genic avian influenza viruses caused the epidemics.
During the entire period, 1,568 sick people were reg-
istered, of whom 616 died. The source of human in-
fection were live poultry markets and backyard poul-
try farms, where low-pathogenic H7 viruses had been
asymptomatically present since 2013 [3, 6]. In 2016,
a highly pathogenic H7 virus emerged in southern Chi-
na (Guangdong Province) that differed dramatically in
properties and clinical symptoms from those previous-
ly present and evolved from a precursor of one of the
numerous lineages of the low-pathogenic H7 virus that
had been circulating in China since 2013 [6, 8-10].

Fatal severe pulmonary illnesses in humans have
raised the concerns of the World Health Organization
(WHO) about the potential threat of a new H7 subtype
virus pandemic. A program to counteract a potential
pandemic was developed', which drove scientists from
different countries to study the features of avian influ-
enza viruses of subtype H7.

Phylogenetically, all H7 subtype viruses are di-
vided into Western Hemisphere viruses, Eastern Hemi-
sphere viruses and the equine influenza virus lineage.
Among the viruses of the Eastern Hemisphere, the
Australian virus lineage is the one that stands out. The
remaining isolates belong to the well-studied Eurasian
lineage and form numerous branches on the evolution-
ary tree reflecting their geographical distribution [11].

' The PIP Framework’s Partnership Contribution (PC) High-Level
Implementation Plan I 2018-2023 (HLIP-II).
URL: https://www.who.int/publications/i/item/pip-pc-
preparedness-high-level-implementation-plan-ii-2018-2023
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H7 viruses of the Western Hemisphere are divided into
three large clusters and several clades, based on HA se-
quence analysis [12]. The virus researched in the pres-
ent study belongs to clade II-2 of the North American
lineage.

Low-pathogenic H7 viruses cause asymptomatic
infection in wild waterfowl. Their introduction into do-
mestic bird populations may remain undetected for a
long time if the virus does not cause clinical symptoms
[2, 4, 10]. Circulation among domestic birds (part of the
order Galliformes) promotes the accumulation of muta-
tions that lead to changes in virulence and the formation
of highly pathogenic viruses [4, 8, 10, 13].

During the years 1959-2019, 27 independent
events of origin of highly pathogenic H7 influenza vi-
ruses from a low-pathogenic precursor were observed
in different parts of the world [13].

The leading role in the evolution and pathoge-
nicity of H7 influenza viruses is played by the surface
protein hemagglutinin (HA), which contains the main
antigenic determinants of the virus. At the stage of virus
entry into the cell, HA allows binding to cellular recep-
tors [14] and mediates the fusion of the viral and cellu-
lar membranes [15]. The determinant of pathogenicity
of H7 viruses is the structure of the proteolytic cleavage
site of the HA precursor: in nonpathogenic strains there
is a single amino acid residue of arginine (R), while in
highly pathogenic strains there is an insertion of several
basic amino acids [1, 13].

The host specificity of influenza viruses is de-
termined by their ability to recognize receptors char-
acteristic of a particular host species. Avian receptors
are sialoglycosides with the alpha2-3 binding type,
and human (possibly other mammalian) receptors are
sialoglycosides with the alpha2-6 binding type. The
structure of the HA receptor-binding pocket of all in-
fluenza viruses is formed by three constituent elements
(in H3 numbering): loop-130 (a.a. 134-138), loop-190
(a.a. 188—194) and loop-220 (a.a. 221-228). Mutations
in these HA regions resulted in virus adaptation to hu-
mans and the formation of pandemic strains of HIN1
(E190D/G225D) and H2N2/H3N2 (Q226L and G228S)
subtypes [14, 16].

For interspecies host transmission, influenza vi-
ruses must have the ability to recognize the receptors
of the new host and adapt to use host cellular factors
that the virus requires for successful reproduction. Mu-
tations that facilitate adaptation to a new host primarily
affect the HA and neuraminidase (NA) surface proteins,
polymerase complex proteins, and the nonstructural
NS1 protein. The NS1 protein inhibits host antiviral
defense signaling and suppresses the expression of its
proteins. NS1 performs multiple functions through in-
teractions with proteins, RNA and other host cell fac-
tors, which differ between hosts. Differences in the pri-
mary structure of NS1 in specialized viruses of different
host species reflect the high plasticity of this protein,


https://www.who.int/publications/i/item/pip-pc-preparedness-high-level-implementation-plan-ii-2018-2023
https://www.who.int/publications/i/item/pip-pc-preparedness-high-level-implementation-plan-ii-2018-2023

KYPHAJ1 MUKPOBUOJIOTUN, SMTMAEMNONOTUU N UMMYHOBUOJOI M. 2023; 100(6)

DOI: https://doi.org/10.36233/0372-9311-395

445

OPUTVHANbHbBIE NCCJTIEAOBAHNA

which plays an important role in overcoming the inter-
species barrier and adapting the virus to a new host [17,
18]. A virus adapted to new conditions must not on-
ly multiply in a new organism, but also be transmitted
from one individual to another, i.e. it must be highly
contagious. So far, no proven cases of human-to-human
transmission of H7Nx viruses have been recorded?, in-
fection occurred through close contact with the source
of infection, mainly with infected poultry.

In 1996, low-pathogenic H7 viruses with de-
letion of 8 amino acids (p. 221-228 in the H3 num-
bering) in the HA were detected in live poultry mar-
kets in the northeastern United States — they lacked
loop-220 in the receptor-binding site region [2]. A
North American virus lineage with the deletion (clade
II-2) circulated in the northeastern United States
from 1996 to 2006 in poultry [12]. The viruses had
a HA cleavage site of a low virulence phenotype [2]
and had a dual receptor specificity, i.e., along with
high affinity for avian-type receptors (alpha2-3), they
showed moderate binding to human-specific receptors
(alpha2-6) [11, 16, 19]. Two arginine residues, R220
and R229, which are adjacent due to the deletion in po-
sitions 221-228 (in H3 numbering), play an essential
role in preserving the tertiary structure of HA and pro-
viding dual receptor specificity, as shown by a study
of the North American A/New York/107/2004 (H7N2)
virus (clade 11-2) isolated from humans [16].

The capability of H7N2 viruses to recognize hu-
man-type receptors indicates an increased potential to
overcome the interspecies barrier and adapt to humans
or other mammalian species.

During the circulation of H7N2 subtype viruses
(1994-2006), two laboratory-confirmed human infec-
tion cases with these viruses were reported in the north-
eastern region of the United States. More recently, from
December 2016 to February 2017, an outbreak of respi-
ratory infection among domestic cats was observed in
animal shelters in New York City. The cause of the ill-
ness in about 500 cats turned out to be a low-pathogenic
H7N2 influenza virus with deletion in HA. An influ-
enza-like infection was observed in a veterinarian who
had close contact with an infected cat. Sequencing of
6 isolates from cats and 1 isolate from human showed
that all 8 segments of the feline viruses were phyloge-
netically similar to low-pathogenic chicken viruses cir-
culating in New York in the late 1990s and early 2000s.
The viruses from cats and human were nearly identical
and lacked mammalian adaptation mutations [20, 21].

The possibility of crossing the interspecies barri-
er by H7N2 viruses with deletion of loop-220 in HA
prompted us to investigate the mechanism of adaptation
of these viruses to mammals on the example of one of

2 Avian influenza A (H7N9) virus outbreak.
URL: https://www.who.int/emergencies/situations/avian-
influenza-a-(h7n9)-virus-outbreak

the representatives of this lineage — virus A/chicken/
New Jersey/294598-12/2004.

The objective of this study was to elucidate the
mechanism of adaptation to mammals of North Ameri-
can H7N2 influenza viruses with deletion in HA.

Materials and Methods

The A/chicken/NJ/294508-12/2004 (H7N2) virus
(GenBank EU743253-EU743260) maintained in chick-
en embryos (CE) was provided by Dr A.l. Klimov,
CDC USA (CDC-2004708596). Cloning of the virus
by limiting dilutions in CE resulted in the A/chicken/
New Jersey/294598-12/2004 (ch/NJ) variant, which
was used in the present study as the original virus.

Adaptation of the virus to propagation in the lungs
of white outbred mice was performed as described
previously [25]. Authors confirm compliance with in-
stitutional and national standards for the use of labo-
ratory animals in accordance with «Consensus Author
Guidelines for Animal Use» (IAVES, 23 July 2010).
Animal studies were approved by the Ethics Commit-
tee of the N.F. Gamaleya National Research Center for
Epidemiology and Microbiology (Protocol No. 12 of
28.06.2021).

The hemagglutination reaction (HGA) was per-
formed according to the generally accepted method
[1]. The 50% embryonic infectious dose (EID,/ml)
of influenza viruses was determined as described
in [25], each virus dilution was used for inoculation
of 5 CEs. The mean EID, /ml for each virus was cal-
culated using the method developed by L.J. Reed and
H. Muench [22].

The 50% lethal dose (LD, ) of influenza virus was
determined in BALB/c mice according to [25], 6 mice
per group were used for each virus dilution. The value
of LD, /ml was calculated using Kerber's method mo-
dified by Ashmarin [23].

Sequencing on the MiSeq platform (Illumi-
na) was performed by O.L. Voronina, E.I. Akse-
nova, M.S. Kunda, and N.N. Ryzhova (GenBank,
MN400380-MN400395) of the Laboratory of Ge-
nome Analysis of the N.F. Gamaleya NRCEM. Li-
braries were prepared according to [24], sequencing
was performed on the MiSeq platform (Illumina) us-
ing the 600-cycle MiSeq Reagent Kit v3 cartridge.
The de novo and reference A/chicken/NJ/294508-
12/2004(H7N2) (EU743253-EU743260, GenBank)
genomes were assembled using the CLC Genomics
Workbench 10.0 program.

Sequencing by the Sanger method was performed
as described previously in [25]. The National Center
for Biotechnology Information® and Influenza Research
Database* (IRD) were used for structural and functional
analysis of nucleotide and amino acid sequences.

3 URL: https://www.ncbi.nlm.nih.gov
4 URL: https://www.bv-brc.org
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The thermostability of influenza virus hemagglu-
tinin was determined as described previously in [25].
The inactivation temperature was considered to be the
temperature at which, after 40 min of virus incubation,
the HA titer decreased by 6log,.

The pH value of HA activation was determined by
the erythrocyte hemolysis method [25], which is based
on the ability of HA to agglutinate erythrocytes at neu-
tral pH values and cause their hemolysis at low values
due to a conformational change in HA.

The affinity of viruses to cell receptor analogues
was determined by interaction with sialooligosaccha-
rides conjugated with biotin-labelled high-molecu-
lar-weight polyacrylamide [14]. The sialooligosaccha-
rides used were NeuSAco2-3Galf1-4GIcNAcp (3'SLN)
and NeuSAca2-6Galf1-4GlcNAcp (6'SLN). Results
were expressed as dissociation constant calculated in
sialic acid nanomoles (K , nM SA).

Statistical processing of the data was performed
using the parametric Student's t-test (activation pH and
thermostability of HA), non-parametric Friedman's cri-
terion (ANOVA) and Mann-Whitney (virus titer) at a
critical significance level of p < 0.05. MS Office Excel
2016 and Statistica 8.0 programs were used to perform
the corresponding calculations. The obtained results
are presented as the arithmetic mean (activation pH and
thermostability of HA) or geometric mean (virus titer)
with standard deviation.

Results

Adaptation to mice

Adaptation of avian influenza A/chicken/
NJ/294598-12/2004 (ch/NJ) virus to reproduction in
the lungs of mice was carried out by serial passages
through the lungs. After 10 passages, a variant was ob-
tained that caused death of mice with extensive hem-
orrhagic lung lesions. The obtained variant was cloned
once by the method of limiting dilutions in chicken em-
bryos to obtain a homogeneous viral population, named
A/chicken/NJ/294598-12MA/2004 (MA/NJ) and de-
posited in the State Virus Collection (division of the
Ivanovsky Institute of Virology of the N.F. Gamaleya
NRCEM) under the number 2890.

ORIGINAL RESEARCHES

Phenotypic properties
of viruses

The original cloned ch/NJ variant accumulated in
the EC at a titer of 9.6 IgEID,, while the MA/NJ vari-
ant adapted to mice had a similar titer of 9.7 IgEID,.

The original ch/NJ and mouse-adapted MA/NJ
variants were examined for pathogenicity to mice, re-
ceptor specificity, virus thermostability and HA activa-
tion pH value (Table 1).

The original virus had an avirulent phenotype for
mice: mice remained alive after intranasal infection
with extremely high virus doses of 8.6 and 9.6 IgEID,
per mouse. In contrast, the adapted MA/NJ variant at
lower doses of 4.7 IgEID, per mouse caused death of
100% of the animals with characteristic changes in the
lungs.

The increased virulence of MA/NJ was accom-
panied by an increase in the pH value of HA activa-
tion by 0.4 units compared to the original ch/NJ virus
(Table 1).

When receptor specificity was determined, both
virus variants bound to fetuin, which is characteristic
of all influenza viruses. Their affinity for the avian re-
ceptor analogue 3'SLN was slightly higher than for the
human receptor analogue 6'SLN; the adapted MA/NJ
variant had a greater decrease in affinity for the human
receptor than the original ch/NJ virus.

Sequencing

Sequencing on the Illumina platform yielded am-
biguous results for some positions in segments 4 and
8, so additional sequencing was performed using the
Sanger method. The results of sequencing by different
methods coincided (Table 2). The original ch/NJ virus
was found to be a heterogeneous population with poly-
morphisms in segments 4 and 8. Sequential passages in
mouse lungs yielded a homogeneous virus population
with fixation of amino acids that were present as minor
amino acid variants in the original virus. The excep-
tion was position 125/133 in HA, where heterogeneity
(F <L) was observed in the MA/NJ variant, which was
absent in the original virus. In the MA/NJ variant, ami-
no acid substitutions were detected in 5 proteins: 1 each
in PB2, NA, NEP, 4 in HA, and 6 in NS1.

Table 1. Phenotypic properties of the original (ch/NJ) and mouse-adapted (MA/NJ) variants of the virus A/chicken/NJ/294598-

12/2004 (H7N2)

Affinity for cell receptor analogues, K, nm SA**
Virus Virulence* Thermostability, °C HA activation pH values”
Fet-HRP 3'SLN 6'SLN*
ch/NJ > 9,6 (avirulent) 62,3+0,2 52+0,1 200 + 100 100 £ 50 200 £ 50
MA/NJ 4,0+0,2 62,3+0,2 56+0,1 200 £ 100 100 + 50 500 + 50

Note. The average values of three independent experiments are presented. #p < 0.05 (Student's criterion).

* Virulence for mice is represented as log,, of EID, in one unit of LD,. A lower value corresponds to a higher pathogenicity.

** The results of titration with peroxidase-labeled fetuin conjugate (Fet-HRP) and biotinylated polymers 3'SLN (Neu5Aca2-3Gal1-4GIcNAcR)
and 6'SLN (6'SLN — Neu5Aca2-6GalB1-4GIcNAcp) are presented as a dissociation constant expressed in nanomoles of sialic acid. A higher
value corresponds to a lower affinity for cellular receptor analogues.
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Table 2. Amino acid differences in the original (ch/NJ)
and mouse-adapted (MA/NJ) variants of the A/chicken/New
Jersey/294598-12/2004 (H7N2) virus

Protein Amino acid position ch/NJ2 MA/NJ
PB2 627 . -
HA! 125/133 F LsF
HA 156/164 D>N N
HA 198/207 G .
HA 328/330 K T
NA 127 K N
NS1 73 N>T T
NS1 114 $>G G
NS1 118 K>R R
NS1 171 G>A A
NS1 214 F>L L
NS1 224 R=G .
NEP 14 £e o \

Note. 'The numbering of HA corresponds to H3/H7. Numbering is
given for the mature HA/H3 protein of strain A/Aichi/2/68, and for
HA/H7 according to the sequence ACF25499 (GenBank).

2 The ratio of alternative amino acids. The predominant amino acid
is in bold font.

Discussion

Analysis of amino acid substitutions in viral proteins

The E627K substitution in the PB2 polymerase
protein is considered to be a mammalian adaptation.
It increases the polymerase activity of viral polymerase
and increases the pathogenicity of the virus for mam-
mals [26-28]. It can be assumed that the increase in vir-
ulence for mice of the MA/NJ variant is because of this
mutation.

Neuraminidase of both variants has deletion of
16 amino acids (p. 56-71)° in the stem part of the mol-
ecule. The K127N (143) substitution (numbering ac-
cording to QEL43992, GenBank) in the neuraminidase
of subtype N2 is located in the head of the molecule
protruding on the virion surface. It is part of experi-
mentally determined epitopes that are polymorphic at
this position according to IRD data. Amino acid 127K
(143K) makes contact with amino acid 450F (466F) of
the neighboring NA homotetramer chain. Replacement
of amino acid 127K with an extended side chain with
127N with a short side chain could theoretically affect
the contact of neighboring chains. For North American
H7N2 viruses, this substitution is unique. However, in
different years, 127N was present in 146 natural iso-

5 In this subsection, the NA numbering of the reference strain
is given in parentheses A/Tokyo/3/1967(H2N2), AA046245,
GenBank; PDB: 1INH.

lates of exclusively avian (mainly chicken) viruses of
other subtypes — HON2 and H6N2 in China, non-patho-
genic H5N2 viruses in the USA and Mexico.

In HA belonging to clade II-2 of the North Amer-
ican virus with deletion, adaptation to mice resulted in
4 substitutions: F125/133L, D156/164N, G198/207E,
K328/330T (Table 2, Table 3), which had little effect on
the receptor specificity of the MA/NJ variant (Table 1)
and did not alter the thermostability of HA.

In MA/NJ, the K328/330T mutation located in
the HA cleavage site at position —2 was observed. The
cleavage site structure of ch/NJ and MA/NJ viruses,
EKPKKKR |G and EKPKTR|G, corresponds to the
apathogenic phenotype. According to IRD data, both
structures are found in H7 viruses from different avian
species in North America.

The IRD database has 1107 complete HA se-
quences of H7 subtype viruses isolated in North Amer-
ica between 1996 and 2022, among them 230 that have
deletion of loop 220 in the HA (Table 3). Viruses with
loop-220 deletion are represented by isolates from
1996-2006 and 2016. The viruses were isolated from
the environment, from chickens, some poultry species,
wild duck, 2 strains were isolated from humans — one
in 2003 and another in 2016, when 6 strains were 1s0-
lated from cats. We analyzed the variability of amino
acids at positions where substitutions were found in
MA/NIJ virus. Table 3 shows that only 2 substitutions are
noteworthy in the mouse-adapted variant, the L-domi-
nated F/L polymorphism at positions F125/133L and
G198/207E, since the other two positions (156/164 and
328/330) represent one of the alternative amino acids
present in natural isolates.

In the original virus, F is located at position
125/133, as in natural H7 viruses. In MA/NJ, an F/L
polymorphism with a predominance of L is observed.
The presence of L at this position is very rare. Among
natural H7 viruses with this substitution, 13 isolates
were found in different parts of the world, among which
only 2 were found in the USA (A/chicken/New York/
Sg-00307/1998, H7N2 and A/American green-winged
teal/Illinois/100S4014/2010, H7N3). This rare occur-
rence indicates low competitive fitness of HA with this
mutation among avian influenza viruses.

Analysis of H7N2 viruses of the North American
lineage isolated in 1999-2006 indicates that all these vi-
ruses have an N at position 156/164. The observed poly-
morphism in the original ch/NJ variant with a predomi-
nance of D at this position is most likely a special case.

The D156/164N mutation in the mouse-adapted
virus replaces a negatively charged amino acid with a
neutral one. The G198/207E substitution with a nega-
tive charge shift is also rare among the group of viruses
studied. It is possible that the two charge-shifting mu-
tations at positions D156/164N and G198/207E located
on the HA surface may affect its conformation depend-
ing on the pH of the medium.
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Table 3. Mutations in HA/H7 of a mouse-adapted virus and alternative amino acids in these positions in natural isolates

isolated in North America in 1996-2022

Amino acid, The number of H7 viruses with the indicated amino acid
Position virus variant Functional Reference
H3/H7 viruses of different hosts, HA with 220 loop deletion, domain
ch/NJ MA/NJ n=1107 n =230
125/133 F F/L L=3,F=1104 F =230 Antigenic site [9]
156/164 N/D N N=1094,D=4,K=1,8=8 N=227,8=3 Antigenic site [9]
198/207 G E E=5,G=1102 E=1,G=229 Antigenic site [9]
328/330 K T A=8,K=47,P=211,T=824 K=46,P=184 Cleavage site [2]

Note. *The sampling did not include laboratory obtained strains, for example, escape mutants.

Changes in NS1 and NEP proteins

In the adaptation process of the chicken ch/NJ vi-
rus to the mammalian organism, the segment 8, in which
a polymorphism at 9 positions in nucleotide sequence
was initially observed, underwent the greatest changes.
In the adapted variant, the nucleotides present in the
original variant in a smaller proportion became fixed.
Among these, 6 nucleotides resulted in the substitution
of 6 amino acids in NS1 protein and 1 substitution in
NEP (Table 2, Table 4).

It should be noted that in natural viruses, the NS
gene is represented by two alleles: allele A is present
in all mammalian influenza viruses and certain avian
influenza viruses, while allele B is characteristic of avi-
an influenza viruses only [29]. The studied A/chicken/
New Jersey/294598-12/2004(H7N2) virus contains the
B allele. This likely explains the high variability of the
NS gene of the mouse-adapted MA/NJ variant.

The lineage of North American viruses of subtype
H7 with deletion of loop-220 in HA, to which the ch/
NI virus we studied belongs, is represented by influen-
za viruses isolated from poultry. Among them, accord-
ing to GenBank data, there is only one virus isolated
from humans, A/New York/107/2003(H7N2), which

is, in fact, a virus of avian origin. Comparison of the
HA and NS1 protein sequences of this virus with the
ch/NJ and MA/NJ variants studied by us revealed no
matching mutations in HA, while NS1 contains three
mutations, N73T, G171A4, and F214L, identical to the
mouse-adapted variant.

We analyzed NSI1 protein variability among H7
influenza viruses of all NA (H7Nx) subtypes that were
present in birds in North America from 1994-2022, as
well as for H7N2 subtype viruses for 1994-2007, which
included the circulating years of the virus lineage with
deletion in the NA and its precursors (Table 4; Figure).

At positions 73, 114, 118, 171, 214 and 224,
where MA/NIJ variant substitutions occurred, there are
no significant differences in the set of varying ami-
no acids between these samples, only the percentage
of specific amino acids differs (Figure). The observed
difference in the distribution of amino acids in NS1
between two samples of avian influenza viruses of
subtype H7, differing in subtype NA, may indicate the
isolation of H7N2 viruses circulating in 1994-2007
and the existence of some relationship (linkage) be-
tween segments 4, 6, and 8 encoding HA, NA, and NS
proteins in them.

Table 4. NS1 substitutions in the mouse-adapted MA/NJ variant, and their variability among North American avian H7 viruses

Amino acid variability
. . Function?
Mutation” | 17N> 1994-2007 | H7Nx, 1994-2022 Domen Location
(n=263) (n=908)
N73T N=47,S=7, A=1,N=23, RNA binding 1-73 Binding with several RNA species, including
T=138 F=1,P=1, domain dsRNA. Interactions with host proteins RIG-I,
S =656, T =226 PABPI, and importin-alpha
S114G G=44,P=1, G=133,P=1, Effector 87-203 Mediated interaction with several host cellular
S=123 S=774 domain proteins; nuclear-cytoplasmic transport of mature
mRNAs; stabilization of the N-terminal domain
K118R R=7,K=161 R =658, K =250 (1-73) due to RNA interaction
G171A A=60,R=5, A=61,R=5,
D=7,G =85, N =2, D =648,
T=1 G=92,T=100
F214L I=1,L=75, 1=1,L=790, C-terminal domain 204-230 Contains signaling motifs for phosphorylation
F=91,X=1 F=116,X=1 (CDK/ERK), Crk/CrkL SH3 binding,
G224R R=77,G=90 R =807, G =94, PDZ ligand and NoLS/NLS2
K=5,8=1

Note. "Mutation in the mouse-adapted variant (original/adapted variant). 2Based on data from [17, 18].
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Positions in NS1 in which mutations occurred in the mouse-
adapted MA/NJ virus variant and the variability of amino
acids in them (ordinate) among avian influenza viruses
subtype H7 isolated in different years in North America.

a — H7N2 subtype viruses isolated in 1994—-2006;
b — H7Nx subtype viruses isolated in 1994-2022.

All NS1 positions that underwent substitutions in
the MA/NJ variant show variability (Table 4). In both
the original ch/NJ and MA/NJ variants, one of the al-
ternative amino acids is present at these positions. The
detected substitutions, according to IRD data, are part
of experimentally identified short linear epitopes and
are also located in structurally functional domains that
make multiple contacts with host factors [17, 18].

In the NEP protein adapted to mice, one E/4Q
substitution occurred in the NES signaling region (po-
sitions 12-21, nuclear export signal), which binds to the
cellular transport protein CRM1 and, with its participa-
tion, ensures the exit of viral nucleoprotein complex-
es from the nucleus [30]. The NES signal sequence is
hydrophobic (leucine- or methionine-rich region), in
which the 14M substitution does not significantly affect
the structure of the signaling region. Nevertheless, in
WSN virus, amino acid substitution M14Y at this po-
sition resulted in delayed export of viral ribonucleino-
protein complexes (VRNPs) from the nucleus, reduced
growth properties of the virus and its attenuation in
mice [30]. The structure of NES in the viruses we stu-
died differs by only one position from the WSN virus:
MI4E in the original ch/NJ virus and M74Q in MA/NIJ.
In our case, the replacement of an amino acid with a
charge change (E74Q) — acidic to neutral polar hydro-
philic — could hypothetically influence the functioning
of NES signaling.

Adaptive potential

There are only 8 H7N2 clade 1I-2 influenza vi-
ruses isolated from mammals for which the structure
of the complete genome has been determined: these
are 2 isolates from humans (A/NY/107/2003 and
A/NY/108/2016) and 6 from cats [20, 21, 31]. The
genome of the A/NY/108/2016 virus isolated from
a human in 2016 was almost identical to the genome
of the virus isolated from the cat with whom the in-
fected person had a contact [20]. We compared the

HA and NS proteins of these viruses, as well as the
MA/NIJ virus with their closely related chicken virus
A/chicken/NJ/294508-12/2004 to find common
differences in isolates from mammals. There are no
overlapping substitutions in HA between MA/NJ and
mammalian viruses relative to chicken virus. For the
HA protein, the similarity (divergence) to chicken virus
for MA/NJ was 99.5% (0.5%), 96.6% (3.5%) for human
A/NY/107/2003 virus, and 94% (6.2%) for feline and
human A/NY/108/2016 viruses.

For the NS1 protein, the similarity (divergence)
to chicken virus for MA/NJ was 97.4% (2.7%),
97.8% (2.2%) for human NY/107/2003 virus, 92.6%
(7.3%) for 5 feline viruses (WDL) from the same
shelter, and 92.2% (7.8%) for cat virus A/feline/New
York/16-040082-1/2016 and human contact virus
(A/NY/108/2016). In NS1, among the substitutions
relative to chicken ch/NJ virus, five (N737T, S114G,
G171A4, F214L and G224R) matched in mouse-adapted
MA/NJ and feline viruses, of which three (N737, G171A,
F214L) were identical to substitutions in the human
A/New York/107/2003(H7N2) virus.

Only one matching substitution, £74Q, is present
in NEP. In feline viruses, aside from that substitution,
there are 4 other differences from the chicken virus.

As for identical mutations in mammalian H7N2
viruses (in NS1 — N73T, G171A4, F214L, in NEP —
E14Q), the substitution occurred on the predominant or
less common amino acid among alternative ones pres-
ent in natural avian isolates. This does not allow them
to be recognized as adaptations without further studies.

It is should be noted that H7N2 viruses isolated
from humans and cats lacked the £627K mutation in
PB2 [20, 21], which is considered to be adaptive to
mammals [26-28]. According to different authors, the
appearance of the £627K mutation during adaptation
of avian influenza viruses to mice was accompanied by
an increase in virulence of the virus [27, 28], as in the
current case with MA/NJ. In addition to the mutation
in PB2, the change in MA/NJ virulence could be af-
fected by substitutions in HA, which contributed to an
increase in the pH value of HA activation [10, 25].

Conclusion

Our studies on the adaptation of the low patho-
genic H7N2 chicken influenza virus to mice, as well as
the information that viruses of this lineage were able to
cross the species barrier and cause an outbreak of respi-
ratory infection in cats 10 years after their last detection
in natural conditions [20, 21], indicate the presence of
adaptation potential to mammals in H7N2 viruses of
the North American lineage with a deletion of loop-220
in HA. Adaptation of these viruses to different mamma-
lian species seems to have its own peculiarities, and it
takes some time of circulation in a new host for the vi-
rus to acquire mutations capable of causing the clinical
manifestation of infection. As the source of infection in
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cats has not been identified, the question remains as to
how H7N2 viruses have managed to remain undetected
and out of sight of veterinary services for more than
10 years.
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PocT 3a6oneBaemoctn cupununcom B Poccuinckon Pegepaynn:
MHOCTPaHHbIe rpaXKaaHe-MUrpaHTbl Kak rpynna pucka
pacnpocTpaHeHnsa 3aboneBaHunA

PaxmaTtynuHa M.P.", Bpuko H.W.2, HoBocenosa E.10.", llonyxos .4.%*

'TocyiapCTBEHHBIN Hay4YHbIN LEHTP lepMaToBeHeponornm n kocmetonorun, Mocksa, Poccus;
[NepBblt MOCKOBCKIMIA FrOCyAapCTBEHHbIN MeAULNHCKNIA YHUBepcuTeT nMmern .M. CeueHoBa
(CeueHoBcknin YHnepcuteT), Mockea, Poccus

AHHOMauus

AxTyanbHocTb. 3aboneBaemMocTb UHGEKUUSMU, NnepeaaBaembiMu nonosbiM nyTém (UMMMM), okasbiBaeT cepb-
€3Hoe BMMSHWE Ha 300POBbE U XWU3HW AETEN, NOAPOCTKOB U B3POCHOro HaceneHus. Cndunumc, kak n 6onbLumH-
ctBo UMMM, oTHOCKMTCA k coumnanbHO 3HaYUMMbIM 3aboneBaHnsM, Npu 3TOM cpeau (bakTopoB, BNMAIOLLMX Ha pac-
NpocTpaHeHne AaHHOW MHAEKLUN, 0cO60e MECTO 3aHMMAKOT MUIPaLMOHHBIE MPOLIECCHI, B TOM Y1Cne TpyaoBas
MUrpauus.

Llenb — n3y4nTb 3abonesaemoctb CUUNMCOM Y MHOCTPaHHbLIX rpaxaaH-murpaHToB B Poccuiickon ®epepauun
1 OTAEenNbHbIX cyObekTax rocygapcTsa 3a nocnegHve rogbi.

Martepuanbl n meToAbl. BbiNONHEH peTPOCNEKTUBHBIN 3NMOEMMUONOrMYECKNA aHann3 3abonesaemMocTn cudm-
nnMcoM cpeau HaceneHms Poccmmn n MHOCTpaHHbIX rpaXaaH-MUrpaHToB. Micnonb3oBanuck AaHHble ouLmansHom
CcTaTUCTUKN MO MaTepuanam cdopm deaepanbHoro ctatuctudeckoro HabnogeHns Ne 9 u Ne 34 B Poccuiickon
depepaumm 1 Ha OTAENbHbLIX TeppuTopusax 3a 2011-2022 rr.

Pe3ynkraTtbl. Cpeay MHOCTPaAHHbIX rpaXaaH-MUrpaHTOB YpoBHM 3aboneBaemocTy Obinun Bbille, YeM B LENOM
no Poccuun: po 2020 . — B 1,5-2,0 pasa, a B 2021 n 2022 rr. — B 4 pasa. [lons 3apeructTpupoBaHHbIX Criyvyaes
cndunuca y MHOCTpaHHbIX rpaxkaaHd B 2021-2022 rr. coctaBuna 36,4 n 46,0%, 3Ha4nTenNbHO NPEBLICUB OAHHbIN
nokasartens He Tonbko B 2020 r. (18,2%), HO n B npeabigywme rogbl (16,7—21,2%). PocT yicna 3abonesLlumnx
cnMMnMcom MHOCTpaHHbIX rpaxkaaH B 2021 r. Habnogancst Bo Bcex heeparnbHbix okpyrax Poccuiickorn denepa-
L1, NP1 3TOM KOJNIMYECTBO BbISIBIEHHbIX CIy4aeB cnudunmca y 4aHHOro KOHTUHIEHTa N, 3HaYUTENbHO Bapbupo-
Barno B cyobektax P®. OcHosHyto gonto (98,1%) B CTpykType cudunmca, BbIABNIEHHOIO Y MHOCTPaHHbIX rpaxaaH,
CoCTaBUNM CKpbiTble opMbl 3a6oneBaHus.

3akntoyeHue. BbiCokuii ypoBeHb BbISBSIEMOCTM CUUIUCA Y UHOCTPaHHBIX FPaXaaH-MUrpaHToB M npeobna-
JaHve B ero CTPYKType CKpbITbix hopM 3aboneBaHus NpeacTaBnAlT MNOTEHUMANbHY 3NUOEMUONOrMYECKYHo
0MNacHOCTb pacnpocTpaHeHust MHpekumn. B CBsI3n co cnoxuBLLEncs cuTyaumen npeacTaBnstoTcs Heobxoanmbl-
MU pa3paboTka 1 BHegpeHUe NOCTOAHHO AENCTBYHOLLMX U KOHTPONMPYEMbIX anroputMoB MoHuTopuHra UMMM B
rpynnax pucka, B TOM Yucre cpeam MHOCTPaHHbIX rpaXaaH-MUrpaHToB.
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Abstract

Relevance. The incidence of sexually transmitted infections (STIs) has a serious impact on the health and lives
of children, adolescents and adults. Syphilis, like most STls, is a socially significant disease, while among the
factors influencing the spread of this infection, migration processes, including labor migration, occupy a special
place.

Aims. To study syphilis in foreign migrants in the Russian Federation and individual subjects of the state in recent
years.

Material and methods. A retrospective epidemiological analysis of the incidence of syphilis among the population
of the Russian Federation and foreign migrants was performed. The data from Federal Statistical Monitoring
Form No. 9 and No. 34 was used with reference to STls incidence in 2011-2022 in Russia and in its regions.
Results. Among foreign migrant citizens, the incidence rates were higher than the Russian average: 1.5-2.0
times before 2020, and 4 times in 2021 and 2022. The proportion of registered cases of syphilis among foreign
citizens in 2021 was 36.4%, significantly exceeding this figure not only in 2020 (18.2%), but also in previous
years (16.7-21.2%). An increase in the number of foreign citizens with syphilis was observed in 2021 in all fed-
eral districts of the Russian Federation, while the number of syphilis cases detected in this contingent of people
varied significantly between different regions of the Russian Federation. The main share (98.1%) in the structure
of syphilis detected in foreign citizens was latent forms of the disease.

Conclusions. The high level of detection of syphilis in foreign migrant citizens and the predominance of latent
forms of the disease in this population represent a potential epidemiological danger of the spread of infection. In
connection with the current situation, it seems necessary to develop and implement permanent and controlled

algorithms for monitoring STls in risk groups, including foreign migrant citizens.
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BeBepeHune

CornacHo oueHkaM BcemupHoill opranuzanuu
3IpaBOOXPAHCHUs, €XKErogHo 374 MIH NoAeil B BO3-
pacte 1549 jner 3a001€BalOT YETHIPbMS W3JICUHMBI-
MU HMH(EKUUSMH, MepeAaBaeMbIMH IOJOBBIM ITyTEM
(UIIIIIT): cudumnncoMm, XIaMUAUAHOH U TOHOKOKKO-
BOW MH(EKUUSIMH, YPOTSHUTAIBHBIM TPUXOMOHHA30M.
Ctonp ke BBICOKYIO paclpoCTpaHEHHOCTh HMMEIOT
UIIIIII BupycHoro mpoucxoxaenus: 500 MiIH dyeaoBek
WHHULIUPOBAHbI BUPYCOM IMPOCTOTO reprieca 2-ro Tu-
ma, a okoJ1o 300 MJIH XKEeHIUH — BUPYCOM MaIlHIOMbI
yeyoBeKa'.

3aboneBaemocts UIIIIIT oka3biBaeT cepbE3HOE
BJIMSIHUE Ha 3I0POBbE W KHM3Hb JETEH, MOIPOCTKOB U
B3pOCIIOT0 HAaceJIeHHs: CUPHUIUC BO BpeMsl OepeMeH-
HOCTH €XETOJAHO CTAaHOBUTCS MPUYHHONW Oonee udem
300 TBIC. ciay4yaeB CMEPTH IUIOAA U HOBOPOXKIEHHBIX;
TOHOKOKKOBasi MH(PEKLUS 1 XJIAMHIU03 MOTYT IPHUBO-
IUTh K pa3BuTHIO Oectutonus; nHpuuuposanue I

! WHO. Sexually transmitted infections (STIs). URL: https://
www.who.int/news-room/fact-sheets/detail/sexually-transmitted-
infections-(stis) (nara oopamenus: 21.02.2023).

© Rakhmatulina M.R., Briko N.I., Novoselova E.Yu., Lopukhov P.D., 2023

3HAYUTENIBHO IOBBINIAET PUCK 3apaxeHus BUY-un-
¢dexnuelt (11 HEKOTOPBIX Ipyni — B 2—3 pasa); pak
LIEWKU MAaTKHU, aCCOLUUPOBAHHBINA C BUPYCOM IANKUILIO-
MBI Y€JI0BEKa, €3KETOIHO MPUBOAUT K 342 THIC. CITydaeB
JICTAJIBHOTO UCXO/1a%.

Ha npotsbkennn npeasiayiero croserus B Poc-
CHUU PETUCTPUPOBATIOCH HECKOJBKO «MUAESMHUYECKUX
BosiH» 3a0oneBaemoctu UIIIIII u, mo ganHbIM oduIiu-
aJbHOTO CTAaTUCTUYECKOTO HAOINIONCHUS, MOCICIHUN
nuk 3aboneBaemoctu I wabmromancs B 1990—
2000-x rr, xorma e€ mokasareaud mocturaian 1361,2
ciaydast Ha 100 ThIC. HaceneHus, a Mokasarens 3aboe-
BaeMocTH cuduiarcom — 277,3 cnyuyas Ha 100 ThIc.
Hacenenusi. C 1999 mo 2020 1. perucTpupoBaioCh
CTAaOMIILHOE €KETroJJHOEC CHW)KCHHE 3a00JIeBacMOCTH
WIIIIII. Tak, B 2020 r. cHmkeHHUe Imoka3arels 3a0ose-
BaeMOCTH CH(HIUCOM IO OTHOIICHUIO K TOKa3aTeIto
2015 1. cocraBuio 55,7% [1, 2].

B nepuon kaxaol «3NUAEMHUYECKOW BOJIHBD)
UIIIIT orMeuanoch (GOpMUPOBaHUE OIMPEACTIEHHBIX

2 'WHO. Cervical cancer. URL: https://www.who.int/news-room/
fact-sheets/detail/cervical-cancer (nara obpamenus: 21.02.2023).
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CyOTIOMYISIIMHN JUL — «SIAEPHBIX» TPYIIIL, IPeACTaBIs-
IOLINX COI[MAJIBHO yA3BUMbIE KOHTHHT€HTHI HACEJIEHHUS,
CKJIOHHBIE K PUCKOBaHHOMY IOBEJICHHUIO, HO HE Xela-
IOIIME WIM HE UMEIOIIE BO3MOXXHOCTU CHU3UTh PHUCK
WHQHULIUPOBAHUS: MOTPEOUTENN HHBEKIMOHHBIX Hap-
KOTHKOB, paOOTHUKH KOMMEPUYECKOTO CEKCa, TPYIOBbIE
MUTPAHTHI, 3aKIIOYEHHBIE, JHNa 0e3 ompenenéHHOro
MeCTa KHUTEJIbCTBA, OECIPU3OPHBIE E€TH, MOAPOCTKU
u ap. IlpencraBuTen MMEHHO 3THX TPYMI C BBICO-
KAM YpOBHEM 3apa)KaeMOCTH CHUPHINCOM H IPYTUMH
UIIII B ycnoBUsX NEPUONAUYECKH YXYAIIAIOLUXCS
COLIMAJIbHO-DKOHOMUYECKUX YCJIOBHHA CTaHOBUIIMCH
MCTOYHHKOM OYEPEIHOTO NoABEMA 3a00JIEBAEMOCTH.

Cudwiuc, xak u 6onbimmHacTBo UIIIIT, otHOCHTCS
K COLIMAIbHO 3HAYMMBIM 3a00JIeBaHUsIM, IIPU ITOM Cpe-
1 (hakTopOB, BIUSIOUIMX HA paclpoCTpaHEHUE TAaHHON
uH(peKK, 0co00e MECTO 3aHUMAIOT MHUTPAILMOHHEBIC
MIPOLIECCHl, B TOM Yuciie Tpyaosas murpanus [3]. B Poc-
CHH, ¥ 3TO XapaKTepHO HE TOJIBKO JJIS Hallel CTpaHBbI,
YHCII0 MEXYHApOJHBIX MUTPAHTOB 32 [OCIIEeTHHIE J1eCs-
TWJIETUS MOCTENEHHO yBenuunBaiochk [4]. [lo manHbIM
I'maBHOTO yripasnenus o murpauuu MB/] Poccuu, uuc-
710 pUOBIBLIIMX B CTpaHy MUTpaHTOB 3a 2016-2022 rr.
yBenuumiiock Ha 17,5%, a 4ucino TpyJOBbIX MUTPaHTOB
3a 3TOT K€ MEPHOJl BPEMEHH BO3POCIIO MPAKTUYECKHU B
3 pasa (¢ 4,2 no 11,8 mutH yenoBek)®.

B cBsi3u ¢ 3TMM OBLIO MPOBENEHO HCCIICAOBAHUE,
1eJbI0 KOTOPOro SIBISUIOCH M3y4eHHe 3a00ieBacMo-
CTH CU(QUIMCOM Yy MHOCTPAaHHBIX TPasKAaH-MUTPAHTOB
B Poccun u oTnenbHBIX pernoHax rocyaapcTsa 3a Io-
CJIEJTHUE TOJIbI.

MaTepman bl N meToAbl

J11st peTpOCIEeKTHBHOTO aHaIN3a 3a001€BaeMOCTH
UIIIIT ucnonp3oBanu AaHHbIE O(UIUAIBHON CTaTH-
CTHKH 110 MaTepuaiaM (GopM ¢enepaibHOro CTaTUCTH-
yeckoro HaOmoneHust Ne 9 «Caenenust o 3a00eBaHUM
MHQEKIUIMH, TIepeaBaeMbIMH TTOJIOBBIM IyTEM, U 3a-
pa3HbIMH KOXXHbIMH Oose3HsMm» U Ne 34 «Crenenus
0 OOJIBHBIX 3200JICBaHUSIMH, TIEpeIaBaCMbIMU IPEUMY-
HIECTBEHHO MOJOBBIM MYTEM, TPUOKOBBIMH KOKHBIMH
0oJe3HsIMH M 4YecOTKoM» B PoccHMu M Ha OTOENBHBIX
tepputopusix 3a 2011-2022 rr. Jlns pacuéra nmokasare-
751 3a0071eBa€MOCTH CUPHUITUCOM CpPeId MHOCTPAHHBIX
rpaXkJaH-MUTPAHTOB HCIOJIB30BAINCH O(QHIUAIBLHBIC
CTaTUCTUYECKHE CBEJICHHs [JaBHOrO ympaBieHHUs IO
murparud MBJT Poccun? ¢ 2015 mo 2022 r., ipu 3TOM
3a OCHOBY IIPUHUMAJIUCh CBEACHHUS O KOIHYEeCTBE (akK-
TOB IIOCTAHOBKM Ha MUIPAallMOHHBIA y4€T MHOCTpaH-
HBIX TpaXkJaH 3a KaXJblil paccmarpuBaeMbli rog. M3
17 cyObexkToB PD ObLTH MOTYYEHBI CBEICHHUS O BBISIB-

MunucTepcTBo BHyTpeHHUX aen Poccuiickoit ®enepanun. Cra-
THUCTHUYECKHE CBEJICHUS 110 MUTPALIMOHHOH CHTYaIlIH.

URL: https://mMBa.pd/dejatelnost/statistics/migracionnaya (mara
obpamenus: 21.02.2023).

Tam xe.
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JICHHBIX QopMax 3a00JIeBaHUsl CUPHUIICOM CPEAH WHO-
CTPaHHBIX TpaKJaH-MUTpaHToB 3a 2021 .

BrInonHeH peTpoCHeKTUBHBIN aHaiu3 3a001eBae-
MOCTH BO BpeMEHH 1 IPOCTPAHCTBE — B paspese dexe-
panbHBIX OKpyroB (PO) u cyosexroB PD. Onucarens-
HBII 3Tall UCCIEHOBAHMS BKIIOUA] Pacdy€T UHTCHCUB-
HBIX U 9KCTEHCHUBHBIX [TOKa3aTelneil 3a001eBaeMOCTH.

OrneHka MHOTOJIETHUX TEHAEHIUH TUHAMHUKHU 3a-
00JIeBaEMOCTH BBITIOIHEHA METOAOM HAUMEHBIINX KBa-
aparoB. [y ctaTucTudeckold 00pabOTKH MOMTyYeHHBIX
pe3yasTaToB Hcnonb3oBaiu nporpammy «IBM SPSS
V26.0», mis Busyanuzaluu JaHHbIXx — «Microsoft
Excel 2016». Xapakrep pacmpeneiieHHs HPU3HAKOB
oleHuBany ¢ nomouipro W-kpurepus Illanupo—Yun-
ka. [TockonbKy pacrpeneneHue NpU3HAKOB UMEJIO He-
HOpPMaJIbHBIM XapakTep, Aajee HCIONb30BalIl Hemapa-
MeTpHUecKMii KpuTepuii y> ¢ mompaskoii Meiirca Ha
HenpepbrIBHOCTH Bapuanuu. [Iposenens! pacuérsl 95%
JIoBepUTENbHBIX uHTEpBaNioB (95% JIW) mokasareneit
3aboneBaeMocTH. Kputnueckuil ypoBeHb 3HAYUMOCTH
npuHuMadcs p < 0,05.

PesynbraTbl

B 2021 . B Poccuu BrepBbIe 3a MOCIEIHNE TOJBI
OTMEYEH pocT 3aboneBaeMocTu cudunucom (Ha 39,4%
o cpaBHeHU10 ¢ 2020 1.), KOTOPBIN MPOJOIKUICS U B
2022 r. B 2011-2019 rr. 3a601€BaeMOCTb CHUXaJIaCh C
37,6 (95% AN 37,3-38,0) no 15,1 (95% AU 14,8-15,3)
Ha 100 Teic. Hacenenus. B 2020 r. cHmkenune 6610 60-
Jiee BBIpaXEHO, Mmokaszarensb coctasun 10,4 (95% AU
10,3-10,6) na 100 TbIC. HaceneHus (puc. 1). [Ipu 3Tom
CpeAr MHOCTPAaHHBIX TPakAaH-MUIPAHTOB YPOBHH 3a-
OomeBaeMOCTH OBLIH BBINIE, YeM B IieiaoM o PD: go
2020 . — B 1,5-2,0 pa3a, a 8 2021 u 2022 r. — B 4
pasa (p <0,0001).

[Tpu ananuze cTPyKTyphl 3a005eBaeMOCTU cu(u-
JIMCOM yCTaHOBJICHO, YTO yBEJIMUEHHE YHCIIA CIy4acB
cudunmca B 2021 1 2022 1. OBIJIO BO MHOTOM 00YCJIOB-
JICHO POCTOM JIJAaHHOTO 3HAYEHHMsSI CPelr MHOCTPAHHBIX
rpaxnaad: ¢ 2801 cmyuas B 2020 . mo 7710 u 12 748
cinydaeB B 2021 u 2022 rr. coorBeTcTBeHHO. [loms 3a-
PETUCTPUPOBAHHBIX CIy4aeB CHQHIINCA Y HHOCTPaH-
HbIX rpaxnad B 2021 r. coctaBuna 36,4% ot obiero
4ucia, 3HaYUTEIbHO PEBBICUB JIAaHHBIH NTOKa3aTelb He
tonbko B 2020 1. (18,2%), HO ¥ B mpenpiayIye ToAbI
(16,7-21,2%). B 1e1oM MOXXHO KOHCTaTUPOBaTh, YTO
YHUCIO CilydyaeB CH(UIKCA, 3apETUCTPUPOBAHHBIX Y
WHOCTPaHHBIX TPaXKJaH, U ero AoJis B 00IIeH CTPYKTY-
pe 3aboneBanus B 2021-2022 rT. 3HAYUTENBHO MPEBBI-
CWJIM JTaHHBIE MOKa3arenu nocieauux 10 et (pue. 2).

VBenuueHHe YKciia BBISIBICHHBIX ClydaeB cU(u-
Jrca y MHOCTPaHHBIX TpayKa1aH HaOII0Aanoch BO BCEX
@O PO: B Llentpansnom — B 3,0 pasa, B CeBepo-3a-
nagHoM — B 2,7 pasa, B FOxuom — B 1,8 pasa, B Ce-
Bepo-KaBkasckom — B 3,4 pasa, B I[IpuBomxckom —
B 1,5 pa3a, B Ypaissckom — B 3,1 pasa, B Cubup-
ckoM — B 2,4 pa3a, B JlaibHeBOCTOUHOM — B 2,3 pasa.


https://мвд.рф/dejatelnost/statistics/migracionnaya

KYPHAJ1 MUKPOBUOJIOTUN, SMTMAEMNONOTUU N UMMYHOBUOJOI M. 2023; 100(6)
DOI: https://doi.org/10.36233/0372-9311-382

457

OPUTVHANbHbBIE NCCJTIEAOBAHNA

80 - 75,6
S 70 -
o
3
~ © 60 - 57,6
m —
I
A
6= 50 -
o
§ y=-20174x+35203 495 42,0
Q 40 A R?=0,8184 —
[0}
=
8 .....
g 30 N K w
a0 |HR! B! B o e
5 .......
5 — 20
(3]
©
5
C 10 -
0 -
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
B 3aboneBaemocTb cudunmncom, obas (¢ nuHuen TpeHaa) |
Ol paxxgaHe Poccuiickon ®epepaunm |
OWHOCTpaHHble rpaxaaHe |
Puc. 1. 3aboneBaemocTtb cucpmnmcom B Poccun B 2011-2022 rr.
Fig. 1. Syphilis incidence rates in the Russian Federation, 2011-2022.
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Fig. 2. The number of cases of syphilis registered among citizens of the Russian Federation and foreign migrant citizens

(absolute numbers) and their share in the overall disease burden (%), 2011-2022.
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Mo3aHui ckpbiThin | Late latent | 54,9
CKpbITbIN HEYTOYHEHHbIN, PAHHUIA U NO3AHWN | 20,9
Latent unspecified, early or late ’
PaHHui ckpbiThil | Early latent 13,4
BropuuHblit | Secondary [] 1,0
Mo3aHWin HeyTouHEeHHHBIN | Late unspecified || 0,48
KapanosackynspHbin | Cardiovascular | 0,20
MepBuyHbIN | Primary | 0,13
Henpocudmnuc | Neurosyphilis | 0,05
0 10 20 30 40 50 60

BobisiBneHo cniyyaes, % | Cases identified, %

Puc. 3. ®opmbl cucpmnuca, BbiSIBNIEHHbIE Y MHOCTPaHHbIX rpaxaaH-murpaHToB B 2021 1. (BbisBneHo cny4vaes, %).
Fig. 3. Forms of syphilis detected in foreign migrant citizens in 2021 (cases identified, %).

[Tpu 5TOM KOJIMYECTBO BBISABICHHBIX Cly4aeB cU(UIU-
ca y JaHHOTO KOHTWHIEHTA JIUL] 3HAaYUTEIILHO BapbUPO-
BaJIo B cyObekTax PD.

[lpu anamu3e NaHHBIX, MOMYYEHHBIX W3 MeENU-
OUHCKUX OpPTraHu3aliii JEepMaTOBEHEPOIIOTHUECKOTO
npoduinst 17 cyosekroB PO B 2021 r, ycraHoBjIEHO,
4TO paHHHE (QOpMBI cu(uIca ObUIH BISBICHB Y 878
(14,5%) u3 6049 uHOCTpPaHHBIX IPaXKJaH, mo3auue Ghop-
MbI — Y 3365 (55,6%) uHocTpaHHBIX TpakaaH; y 1806
(29,9%) rpaxknaH ObLT TUATHOCTUPOBAH CH(UIIUC CKPBI-
THIA HEYTOUHEHHBIN, paHHUN WM NO3THUNA. 3HAYUTENb-
Has 4acTh HEYTOUHEHHBIX POpM cuuica 0ObSICHIETCS
OTCYTCTBHEM F'OTOBHOCTH IaHHOW KaTETOPUH JIUI] HECTH
JOMNOJIHUTENBHYIO (DMHAHCOBYIO HArpy3Ky, HEOoOXOIu-
MYIO 7151 0OCIIeIOBaHUS B MEAMIIMHCKUX OPraHU3aIHAX
JaepMaroBeHeposiorndeckoro npoguis. Gopmel cudu-
JHUca C KIMHUYECKUMH TIPOSBICHUSAMU (IICPBHYHBIM,
BTOPUYHBIN, KAPAUOBACKYJISIPHBIN, IO3HUHA HEYTOUHEH-
HBII cudunmc, Heiipocuduimc) ObUTH BbIsIBICHB y 114
(1,9%) obcnenoBannbix nul. Takum oO6pa3om, OCHOB-
Hyro g0 (98,1%) B cTpykType cuduiuca, BbISIBICH-
HOTO Y MHOCTPAaHHBIX T'PaXK[JaH, COCTABHJIM CKPBITHIE
(dopmbl 3a0oneBanus (5935 cinyuaes) (puc. 3).

[Tocne ycranoBnenust guarnosza 1341 (22,2%)
MHOCTPaHHBIM TpaKIaHaM ObUIO MPOBEICHO JEUEHHUE
cuduirca B MEAULUMHCKUX OPraHU3alMsIX JepMaToBe-
Heposiorundeckoro npodwis, 259 (4,3%) rpaxaan ot-
Ka3aJMCh OT JICYECHHS, X JOKYMEHTHI ObLIIM Halpasiie-
Hbl B Yrpasienue denepaibHOi CiyKObI 110 Haa30py
B c(hepe 3anuThI IpaB OTPEOUTENCH U OJIATOTONYYHSI
YyeJoBeKa Ha aenopranuio, a 4449 (73,5%) rpaxknan
OBUIM HAIPaBJICHBI HA JICYEHUE 110 MECTY PErHCTPaLUH
(Ipu 3TOM B METUIIMHCKUX OPraHu3alysIx JepMaroBe-
HEPOJIOrHYECKOro MPOUIIS OTCYTCTBYET UH(POPMALHSI
0 MPOBEJEHHOM JICUEHUH).

O6¢cyxpeHne

OpHoOM M3 AMUIAEMUOJIOTMYECKH 3HAUUMBIX B OT-
HoweHun UIIIIIT «spepHbIX» TPyIIl SBISIFOTCS MHO-
CTpaHHbIE IpakJaHe — MUTPaHTHL. Paboyas cuna Bo Bce
BpEMEHa U BO BCEX IOCYJapCTBax SBISETCS TEM WHCTHU-
TYTOM, 3a CYET KOTOPOTO Pa3BUBAIOTCSI S3KOHOMUYECKas,
MOJIMTUYECKAsl ¥ COLMalIbHBIE c(pepbl 00IIEeCTBa, U B CU-
Jy pa3aM4YHOTO pofa (akTOPOB KOIUUECTBO MUTPAHTOB
C Ka)XJIbIM TOZIOM ITOCTOSIHHO yBenuunBaeTcs. OCHOBHbIE
MIPUYHMHBI IIUPOKOTO PACHPOCTPaHEHUs] TPYIOBOM MU-
rpanuy: CIOKHAas MOJUTHYECKas 0OCTaHOBKA B POIHOMN
CTpaHe, IUI0Xas HKOHOMMKA, B TOM YMCJIEe HU3KUI ypo-
BEHb 3apabOTHBIX IUIAT, COLMATBHBIX BBIMJIAT, BEICOKAS
UHQIALUS, BHICOKAsk CTOUMOCTb TOBAapOB M MPOTYKTOB
[EPBOI HEOOXOMUMOCTH, MEKHAIUOHAILHBIC KOH(IIHK-
ThI, TOHCHHUS, TIEpEHACENICHUE TOCyAapcTBa u 1p. [S].

Ilo uroram 2021 r., HECMOTpsI Ha CBSI3aHHBIE C
MaHAeMHUell OTrpaHMYEHHs Ha MEepEeABIKEHHE, UYUCIIO
MUTPAaHTOB U OEXKEHIIEB B MUPE AOCTHIVIO PEKOPIHON
oTMeTKu. B 1ienom 3a 50 ser uncino MexayHapoIHBIX
MUTPaHTOB YBEINYHIIOCH OoJiee ueM B 3 pasa; ¢ 84 MitH
yenoBek B 1970 . 1o 153 man yenosek B 1990 1, 221
muH yesoBek B 2010 r., 281 mutH yenosek B 2020 1. [6].

Poccust BXoguT B MATEPKY MUPOBBIX JIMJEPOB KaK
I10 YUCITY MUTPAHTOB, TaK U 110 YUCITY TPAXKAAaH CTPaHBbI,
npoxuBaronmx 3a pyoexom®. Ilo nanueiM [naBHOTO
yHpaBiIeHUs 10 MUTpalui MUHMCTEpPCTBAa BHY TPEHHUX
nen Poccun, 3a 20162021 rr. KOIHYECTBO TPYAOBBIX
MUTPaHTOB yBEJIMYMIOCH Oosiee ueM B 2 pasza, a J0Js
TPYAOBBIX MUTpaHTOB 3a 2016-2019 rr. HaxoguIace B

> Tioptokanosa E.B. Tpynosas murparus B Poccuro. DiieKTpoHHast
Bepcus Oromterens «Hacenenne u o0mecTBoy.
URL: https://polit.ru/article/2008/01/21/demoscope3 15/
(nara obpamenus: 21.02.2023).
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npenenax 28—31% ot o01ero yuciia NpuObIBIINX HHO-
cTpaHHBIX rpaxaad. B 2021 r. moTok TpyAOBBIX MH-
IpaHTOB BhIpoC Oosiee yeM B 2 pasza u coctaBui 71% ot
00I1Iero Yrcia NOCTaBICHHBIX Ha MUTPAlUOHHBIH yU&T
MHOCTpaHHBIX TpaxaH. 3a 2021 r. Ha MUTpaLOHHBII
y4€T OBUIO MOCTaBIEHO CBBIIC 13 MIIH HHOCTPaHHBIX
rpakJaH U Ju1 0e3 TPayKAaHCTBa, a IOCKONbKY TpaXaa-
He cTpaH EBpa3uiickoro sKoHOMUYECKOTO COr03a — Ap-
menuu, benopyccun, Kasaxcrana nu Kupruzunm — mo-
ryT pabotars B Poccun 6e3 odopmiieHust pazpenieHuit
Ha paboTy WM MAaTEeHTOB, a HEKOTOPbIC WHOCTPaHHBIE
rpaxigane paboraioT 6e3 opopMIICHUS pa3peLInTellb-
HBIX JOKYMEHTOB, TO OOIIasi YUCICHHOCTb MEXIyHa-
POIHBIX TPYIOBBIX MUTPaHTOB B Poccuu cyiiecTBeHHO
BBIIIIE, YEM IIOKa3bIBAIOT JIaHHBIE TEKYLIETO yU&Ta.

Cpeny MHOCTpaHHBIX PAaOOTHUKOB, MPUOBIBIINX
B Poccuto B 2016-2021 rr., npeo6iaianu BBIXOIIBI U3
VY36ekucrana, Tamxukucrana u Kupruzuu. U3 o6ime-
T'O YMCIIA JIUL, TIOCTABJICHHBIX HA MUTPAMOHHBIN Y4ET
o mMecty npedbiBanus, 74% Bbexanu B Poccuto ¢ me-
JIBI0 paboThl, 5% — ¢ 1enbo yuéosl, 2% — ¢ 1HeIbio
Typusma, 19% — ¢ 4acTHBIMU WJIM MHBIMU LICTSIMHU.
Poccuiickumu pernoHamu, HanOonee MPUBICKABIINMHU
murpanToB B nepuoj 2016-2021 rr., snamucsy Llen-
TpanbHbIil 1 CeBepo-3ananueiii @O, Kyga MUrpupoBa-
i 6onee 60% WHOCTpaHHBIX TPaKIaH.

Ha coBpemMeHHOM 3Tale MHUIpallMOHHBIE MOTOKU
HOCAT BPEMEHHBI TPYIOBOH XapakTep C mpeoOnajaa-
HUEM B UX CTPYKTYpe BBIXOALIEB U3 MaJlbIX TOpPOJOB U
cell, KOTophIe 70 Bhie3aa Ha padoty B Poccutio He nme-
71 cTaOMIIBHOW 3aHATOCTH HA POAMHE, a MMOJIOBUHA U3
HUX OTHOCWJIMCH K TpyMIie KpaiiHe OelHBIX, YTO OKa-
3bIBACT BIMSHUE B TOM UHUCJIE Ha HUX TNOBEIECHYECKUE
ocobeHHOCTHS.

BoapmmHCcTBO MccnenoBarene ¢auHbI BO MHE-
HUH, YTO WHOCTpPAHHBIE I'paXkJlaHE — TPYIOBbIE MU-
IPaHThl SBJISIOTCS COCTABISIONIEH YacThIO Tak Ha3bl-
BAEMOM «SJIEPHON» IPYyIIBI, KOTOpas MOANEPKUBACT
BBICOKHIA YpoBeHb 3a0oseBaemoctu UIIIIII, B ToM uuc-
ne cuumucom [7]. Beicokas 3a0osieBaeMocTh cudu-
JIUCOM CpEIU MHUTPAHTOB OOYCJIOBJIEHA MOBBIIIEHHBIM
YPOBHEM pHCKOBAaHHOIO CEKCYaJbHOTO IIOBEIEHUS,
HU3KUM ypoBHeM uHpopmupoBanHoctu o6 WIIIIII,
OTPaHHYEHHEM JOCTyNa K MEIUIMHCKUM YCIyram
U OpOQHUIAKTUYECKHM IporpaMMaM Ha OecriaTHON
ocHoBe [8]. [lanHas mpoOiemMa HM3y4eHa HEIOoCTaTo4d-
HO, OJHAKO OMBIT MOAOOHBIX UCCICIOBAHUNA HMEETCS.
Tak, H.A. Illepbak u coaBT., MpoaHATU3UPOBAB OIBIT
r. Cankr-IlerepOypra B OTHOIIEHUH MEAWIHMHCKOTO
OCBH/IETEIbCTBOBaHMSI WHOCTPAHHBIX I'pa)/l1aH U JIMIL
0e3 rpaxnanctBa B 2010-2013 rr., oTMETWIH, YTO I10-
kazatenu 3aboneBaemoctd BUY-undexnuei, Tybep-
kyné3om u UIIIIII (B ocHOBHOM CH(HUIUCOM) Y WHO-

¢ International Organization for Migration. World migration
report 2022. P. 2. URL: https://publications.iom.int/books/
worldmigration-report-2022 (nara obpamenus: 21.02.2023).

CTPaHHBIX IpaxaaH B 1,5 pa3a MpeBbIIAIOT TAKOBBIE Y
J)KuTeneit ropona [9].

AHanu3 pe3ynbTaToB HCCIEJOBaHUN (B OCHOB-
HOM 3apyOeKHBIX), MOCBSIIEHHBIX 3200J€BACMOCTH
colaNbHbIMU WHpEKIUsIMU, B ToM uucie WIIIIII,
B Pa3JIMYHBIX CTpaHax MHpa, TaKKe MOATBEPIKIACT,
YTO YacTOTa BBIABISIEMOCTH JAHHBIX 3a00JE€BaHUN y
MUTPAHTOB BBIIIE, YEM Yy MECTHBIX JKUTEJIEH: UHTEH-
CUBHBIC TIOKa3aTein 3a00JICBAaCMOCTH CH(IINCOM
MUTPaHTOB B 2—29 pa3 mpeBblaoT oouryto 3abone-
BaeMOCTb U HaxXonATcs B AuamnaszoHe ot 243 go 1877
ciayuyaeB Ha 100 ThIC. OOCienyembix. Kpome Toro,
UCCIIeIoBaTeNd 00pallaloT BHUMAaHWE Ha BBICOKHH
yAENBHBIA BeC MO3OHUX (opM cuduirca cpeau naH-
HOro KoHTuHreHra jaui [10, 11].

OCHOBHbIE TPUHIUIBI POCCUHCKON MUTpaIOH-
HOH IOJIMTUKU 3aKperuieHsl B Ykase IIpesunenra PO
«O KOHIENIMH rocyJapCTBEHHON MUTPAIL[MOHHOW IO-
nutuku Poccuiickoit @enepariu Ha 2019-2025 rogsn».
[Ipexxne Bcero MUrpanioHHas MOJUTHKA CTPAHbI OpU-
EHTHPOBAHA Ha MOBBILICHUE Ka4eCTBA KU3HU TPAKIAH
1 obecreueHrue 0e30macHOCTH rocynapersa. CormacHo
3TOMY JIOKYMEHTY MMIpaLus SBIAETCS JOMOJHUTENb-
HBIM CIIOCOOOM peIlIeHUs IeMOrpaUIecKuX U IKOHO-
Muueckux npobiem. Ilpu 3ToM akTyadbHBIM OCTa&TCs
BOIPOC, CBSA3aHHBIA C MEIUIMHCKUM OOecreyeHrneM
MUrpaHToB. KoHTponp 3a BIMSHHMEM MUTPAMOHHBIX
MTOTOKOB Ha 3MHJEMHOJIOIMYECKYI0 CUTYaIUIO 10 CO-
OUaTbHO 3HAYUMBIM 3a00JICBaHUSIM BO3JIOKEH 3aKO-
HOAATENLCTBOM Ha Pa3lIM4HbIC CIYXOBI U BEIOMCTBA
B cyObekTax P®. Onnako pa3paboTka MEIMKO-Opra-
HU3aIMOHHOM TEXHOJIOTUHU, CIIOCOOCTBYOIIEH IPdek-
TUBHOMY B3aMMOJICHCTBHIO 3aUHTEPECOBAHHBIX CITYXKO
U BEJIOMCTB C II€JIbIO ONEPATUBHOIO pearupoBaHUsd U
NPUHATHS YIPaBICHYECKUX PEIICHUH, CIIOCOOCTBYIO-
IIUX CHUKCHUIO 3a00JI€BAGMOCTH, B TOM YHCIE CU(U-
JIUCOM, OCTa&TCs aKTyalbHOH [12].

K ocHoBHBIM (akTopaM MOBBIIIEHHOTO PHCKA
sapaxenuss WIIIII cpenu MUTpaHTOB MOXKHO OTHE-
CTH OTOPBAHHOCTHb OT IPHUBBIYHOTO COLIMYMA, YKIIaaa
JKU3HU U CEMBU U, KaK CII€ICTBUE, — COCTOSHUE JUIH-
TEJIBHOTO CTpecca, HEYyCTONYHNBOCTh IPABOBOIO MOJIO-
JKEHUS! B CTpaHe MpeObIBaHMUs, MPAKTHKA YIOTPeOIeHUs
MHBEKIMOHHBIX HAPKOTHKOB, TPOMHUCKYHUTETHOE IOBE-
JieHue, HUu3Kuii ypoBeHb 3Hanuii 00 UIIIIII. Bricokas
3a00J1€BaeMOCTb CH(DUIIMCOM CPEAU TPYAOBBIX MUTPaH-
TOB B YHMCJIE MPOYUX OOYCIIOBJICHa OTpaHHUYCHHUEM JI0-
CTyHa K MEIUIMHCKUM YCIyraM U NMpo(UIaKTHIECKUM
mporpamMmmaM Ha OecIuiaTHOM ocHoBe. IloiydeHHbIC
HaMU JIaHHbIE YKa3bIBAIOT HA 3HAUUTENBHBIA PUCK pac-
npoctpanenus: cupunuca u apyrux MUIIIII y nannoi
KaTeropuu Jul. BelcOKMii IPOLIEHT MO3HUX U HEYTOY-
HEHHBIX (opM 3aboneBanus (85,5%) CBHIIETEILCTBYET
0 TOM, YTO MUTPAHTHI IPHE3KAIOT B CTPaHy, yxKe HHDU-
UUPOBaHHBIME cu(rICcOM. [IpH 3TOM OCHOBHYO JIOJTIO
(98,1%) B cTpykType cuuinca, BHISABICHHOTO Y UHO-
CTPaHHBIX IPaXKJaH, COCTABISIIOT CKPBIThIE (POPMEI 3a-
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0oJIeBaHUs, YTO MPEJCTABIIACT COOOM MOTEHIIMAIBLHYIO
3MUACMUOIOTUYECKYI0 OMACHOCTh €ro pacipocTpaHe-
Husi. OOpamaeT Ha ceOs BHUMAHUE U OTCYTCTBHE WH-
(dhopmarmu o0 poBeAEHHOM JiedeHUU y 73,5% OGONbHBIX
CU(DUITUCOM, YTO TAKIKE MOXKET HETaTUBHO CKa3bIBAThCSI
Ha pacHpoCTpaHeHUH 3a00JICBaHMYSI.

3aKniouyeHue

Bricokuii ypoBeHb 3a007€BaeMOCTH CHPHIUCOM
Yy MHOCTPaHHBIX TpaKAaH-MHUIPAHTOB U Mpeodiaganme
B €r0 CTPYKTYpE€ CKPBITHIX (hopM 3aboyieBaHMs Mpen-
CTaBISIIOT  MOTEHIMATBHYIO  SMHUAEMHOIOTHYECKYIO
OMAacHOCTh pacHpocTpaHeHusl HH(EKIuH. YPOBHH 3a-
0osieBaeMOCTH CH(PUIHCOM Cpey HHOCTPAaHHBIX TPaK-
JaH-MHUTPaHTOB B TIOCIeAHKE 2 Tofa B 4 pa3a IpeBoc-
XOJAT aHAJOTMYHbIE MOKAa3aTesiu Cpenu rpaxiaaH PO.
B cBs13u cO COKUBIIEHCS CUTyallMEeN ITPEICTaBIAIOTCS
HEOOXOMMBIMU pa3padoTKa ¥ BHEAPEHHE IOCTOSHHO
JEHCTBYIOMIMX W KOHTPOJIUPYEMBIX aJTOPHUTMOB MO-
HuTOopuHra cugunuca u apyrux WML B «saaepHBIX»
rpynmnax, B TOM YHCJI€ CpPeOy HHOCTPAHHBIX Ipaxk-
JaH-MUrpanToB. OHU JOJDKHBI OOBEAMHSTBHCA C TPO-
rpaMMaMu 10 APYT'HM COLUaIbHO 3HAYMMBIM 3a00J1e-
BanusaM (BUY, TyOepkynés u ap.) 1 MHTErpUpPOBATHCS B
0O0IIyI0 CUCTEMY 31PAaBOOXPAHCHUSI.
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MoneKynﬂpHo-reHe'rmquKmﬁl MOHWUTOPWUHI Bosﬁynmeneﬁl Xonepbl
BoponbaHos A.C.¥, BoponbaHos C.0., MucaHos P.B., OneiHukos W.M., Hockos A.K.

PocToBcKuin-Ha-[IoHy NPOTMBOYYMHbIN MHCTUTYT, PocToB-Ha-[ony, Poccua

AHHOMauus

AxTyanbHocTb. [Mpogomxatolascs naHgeMus Xonepbl onpeaensieT akTyanbHOCTb pa3paboTku U CcoBepLUEH-
CTBOBaHWsi METOAMK aHanm3a AaHHbIX NOMHOreHOMHoro cekseHvpoBaHusa (WGS) Bo3byautens xonepbl. Ocobyto
3HAYMMOCTb 3TO NpuobpeTaeT B CBETE CTOALMX 3a4ay N0 MMNOPTO3aMeLLEHMIO 3apybexHON NPoAayKLUMK, B TOM
yncrne NporpaMMHOro obecneyeHmst.

Llenb uccnenoBaHns cocTtosna B pa3paboTke METOAUKM MOSMEKYNSPHO-reHETUYECKOro MOHMTOPUHra Bo3byau-
Tenemn xonepbl C UCNOMNb30BaHWEM OHNavH-reomHdopmauunoHHon cuctemsl (MMC) n aHanm3e ¢ eé NoMoLLbio
LUTAaMMOB, BblAEMNeHHbIX Ha TeppuTopun Poccun paHee.

Martepuanbl u metoabl. B pabote vcnonb3oBaHbl AaHHble WGS 2598 TokcureHHbix (CtxAB*tcpA*) wtammoB
Vibrio cholerae O1 El Tor, nony4yeHHble HENOCPEACTBEHHO aBTopamu Ha nnartdopme «MiSeqg» («llluminay),
n n3 6a3bl gaHHbix NCBI. MporpammHoe obecnedeHne ansi aHanu3a OL4HOHYKNEOTUAHbIX MONMMOPU3MOB
(single nucleotide polymorphism, SNP) pa3pabaTeiBanu Ha A3blkax nporpammupoBaHus Java u Python. [ns
BMU3yanu3auum geHaporpammbl ucnonb3osanu nporpammy «Cytoscape». Paspabotky onnanH-I'MC ocywectens-
NN C NCnonb3oBaHMEM s3bIKOB nporpammupoBanns HTML, JavaScript 1 PHP. B kayecTBe sapa mncnonb3oBanu
cBOOOAHO pacnpocTpaHsieMyto bubnunoteky Leaflet, HanncaHHyto Ha si3bike JavaScript. B kauecTBe kapTorpacu-
YeCKUX AaHHbIX NCMONb30Banu KapTbl, NonyyYeHHble oT coobliectsa OpenStreetmap.

PesynbraTthl u o6cyxaeHune. Co3naHbl yHMBepcanbHbli Ha6op SNP u nporpammHoe obecneveHve Anst aHa-
nusa gaHHbix WGS wutammoB xonepHbix BU6p1oHOB. MokasaHo, 4To 60MbLUMHCTBO LWTaMMOB pacnpenensoTca
MeXxay HEeCKONbKUMU BonbLUMMK KnacTepamu. YcTaHoBMNEHb! Hanbonee 6rim3kopoaCcTBEHHbIE LUTaMMbl XONEPHbIX
BUOPMOHOB, N30nMpoBaHHble Ha TeppuTopun Poccumn ¢ 2001 r. Co3zgaHa oHnanH-N’MC «MonekynsipHo-reHeTnye-
CKUA MOHUTOPUHT V. cholerae», no3sBonsiowas NpoBoanTb BbIGOPKY GnM3KOPOACTBEHHBIX LWTaMMOB Henocpes-
CTBEHHO Ha 3MeKTPOHHOW KapTe.

3akntoueHue. PaspabotaHHas metoamka SNP-TunnpoBaHus 1 noctpoeHHas Ha e€ ocHoBe TMIC siBnsitoTcs no-
Ne3HbIMN MHCTPYMEHTaMM s aHanu3a UnoreHeTM4eCcKNX CBSA3e Mexay Lutammamy XornepHbIX BUGPMOHOB.

KnioueBble cnoBa: Vibrio cholerae, xonepa, 00HOHYK1eOMUOHbIU MOMUMOPEU3M, 2eHOMUNUPOBaHUE, 2e0UH-
gopmayuoHHasi cucmema, rnosIHO2EHOMHOE CEK8EHUpOo8aHuUe, paspabomka npozspaMmMHo20 obecriedeHust

UcmoyHuk ¢puHaHcupoeaHusi. ABTOPbI 3asBNSOT 06 OTCYTCTBUM BHELLHEro (oMHAHCMPOBaHWUS Npu NpoBeaeHUn Uc-
crefoBaHus.

KoHgbnniukm unmepecoe. ABTOPbI AEKNapupyoT OTCYTCTBUE SIBHBLIX M MOTEHLIMATbHBIX KOH(IIMKTOB MHTEPECOoB, CBSi-
3aHHbIX C NyGnyKaLmeit HacTosALLei CTaTbu.

Anst yumupoeaHusi: BogonbsaHos A.C., BogonbsiHoB C.O., MNucaxos P.B., Onenxukos W.I., Hockos A.K. Monekynsip-
HO-reHeTUYECKNIN MOHUTOPUWHI Bo3byauTenei xonepsl. KypHan mukpobuonoeauu, anudemuono2uu u uMMmyHobuonoauu.
2023;100(6):462—-471.
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Abstract

Background. The ongoing cholera pandemic determines the relevance of the development and improvement of
methods for analysis of data on genome-wide sequencing of the cholera pathogen. This is of particular impor-
tance in the light of the challenges of import substitution of foreign products, including software.

The aim of the study was to develop a methodology for molecular genetic monitoring for the cholera causative
agent using online geographic information system (GIS) and analysis with its help of strains isolated in Russia
earlier.

Materials and methods. Data from genome-wide sequencing of 2598 toxigenic (ctxAB*tcpA*) strains of
V. cholerae O1 El Tor, both obtained by the authors on the MiSeq (lllumina) platform, and retrieved from the NCBI
database were used in the study. The SNP analysis software was developed in the Java and Python program-
ming languages. Cytoscape program was used to visualize the dendrogram. The development of online GIS was
carried out using the programming languages HTML, JavaScript and PHP. The freely distributed Leaflet library
written in JavaScript was used as the core. Maps obtained from the OpenStreetMap community were used as
cartographic data.

Results and discussion. A universal set of SNPs and software have been developed to analyze the data of ge-
nome-wide sequencing of cholera vibrio strains. It was shown that the majority of strains were distributed among
several large clusters. The most closely related strains for cholera vibrions isolated in Russia since 2001 have
been identified. An online GIS "Molecular genetic monitoring for V. cholerae" has been created, which allows the

recognition of closely related strains directly on an electronic map.

Keywords: Vibrio cholerae, cholera, SNP, genotyping, GIS, genome-wide sequencing, software development
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BBepgeHne

CenpMasi maHAEMUST XOJIEPbI, BbI3BAHHAs SIHJIE-
MHUYECKU 3HAYUMBIMH TaMMamu Vibrio cholerae O1
El Tor, Hayanace B 1961 1. ¥ mpojomKaeTcs 0 CUX Top,
e€ SHIEMHUYHBIE Ouaru cOPMUPOBAHBI HA TEPPUTOPUH
MHOTHX cTpaH Asun u Adpuxu. Munuiickuii cyOkoH-
TUHEHT SBJSIETCS MECTOM (DOPMHPOBAHHS HECKOJIBKUX
BapuaHToB V. cholerae, BIOCIEACTBUM pacmlpocTpa-
HUBIIKXCS 110 BceMy mupy. Teppurtopust Poccuu He sB-
JISIeTCsl SHACMUYHOM IO XOJepe, BCe 3aperuCTPUPOBaH-
HBIE CITy4au XOJIepbl MMENU 3aBO3HOE MIPOUCXOXKICHHE.

I'enom B03OymuTesst Xolepbl Ype3BBHIYANHO ILa-
CTHYCH, YTO NPUBOAUT K (POPMUPOBAHUIO HITAMMOB C
MOBBIILICHHON BUPYJICHTHOCTBIO, TAE, IIOMUMO TOYEY-
HBIX MyTalWi B Pa3UuHBIX T€HAX, OTMEYEHBI Pa3Iuy-
HbIe BUABI Aenenuii [1-3].

HHTEHCHBHOE pa3BUTHE MOJICKYISAPHO-TEHETHYE-
CKUX TEXHOJIOTMH 3HAYUTENBHO YBEIUYUIO BO3MOXK-
HOCTH CEKBEHHPOBAaHUs TMOJHBIX T'€HOMOB OaKTepu-
QIBHBIX TATOTEHOB C TapaUleJbHBIM CO3laHHeM 0a3
JaHHBIX, B CBSI3U C 4eM (UIOTCHETHUYCCKUI aHau3
SBISICTCS. OMHMM M3 4YacTO HCIIOJIB3YEMBIX METOAOB
MOJTYYEHUs SMUASMUOIOTHYECKUX MHTEPIIpeTaluii Ha
OCHOBE T'€HOMHBIX JIAHHBIX MaToreHoB [4]. OqHako HET
€IMHOTO MOAX0Ja K MPOBEACHHUIO aHanu3a. Tak, AaH-
HBIE TIOJIHOTEHOMHOTO cekBeHupoBaHus (WGS) Obutn
WCTIOJIb30BAHBl MPH aHAJIM3€ KPYMHOW BCIBIMIKH XO-
nepsl B Memene B 20162017 TT., 4TO HO3BOIHIIO OT-
HECTH BBIJENISIEMbIE IITAMMBI K OAHOM W3 MOAJIMHUHN

7-i nanpemuudeckoi muHun 7PET, koTopas npousonuia
n3 KOxxHOM A3uu U TepBOHAYaIbHO BhI3BAJIA BCIBIIIKH
B Bocrounoit Adpuke [5].

B psane cinyuaeB, HeCMOTps Ha HajlU4ue IOJI-
HBIX TCHOMOB, JJIsl IPOBEACHUS aHaIM3a HUCIONb3YyeT-
Cs OrpaHUMYEHHOE YHUCJIO TeHOB. Tak, Mpu H3yuyeHUHn
HITaMMOB ~ XOJEpPHBIX BHOpuoHOB O1l-ceporpymisl,
mUpKyupylomux B Taunange, ObUIO TPOBEACHO THU-
MUPOBaHUE TIO0 ONHOHYKJICOTHIHBIM MOIMMO(HU3MaM
(single nucleotide polymorphism, SNP) 7 renoB «zo-
MarHero xossiictay (adk, gyrB, metE, mdh, pntA,
purM u pyrC), 4To MO3BONMIIO MpOBecTH AudepeH-
[IHALUIO KIIMHUYECKUX B BOMHBIX H30J11T0B O1 11 0139,
a TaKkXKe BBISIBUTH BUOPHUOHBI, OTHOCSIIHECS K IPyTUM
ceponoruyeckum rpymmnam [6]. [Ipu uzydennn reHeTu-
4yecKoro npoduiis mramMmoB V. cholerae O1, BoineneH-
HBIX OT OOJBHBIX XoJepoit B Jlakke u banrmaneni, ObL1
poBeAH (PUIIOTEHETUYESCKUI aHaIn3 Ha ocHoBe 4141
SNP, KoTOpBIii MO3BOJIMI BBISIBUTH OIHM3KOE POICTBO C
SMUAEMHAYECKUMH KI0HAMU V. cholerae O1, Bulnenen-
HbiMu B 2010 1. oT OonbHBIX X0Niepoi B [lakucrane [7].
T. Ramamurthy u coaBT. mpoBeaeHo uccnenoBanue 136
mrammoB V. cholerae El Tor, BblieneHHBIX B pa3iny-
HBIX pernoHax mupa, mo 20 teic. SNP, uro no3Bomuio
MOKa3aTh CYLIECTBOBAHUE & (UIOTCHETHYECKUX JIU-
Hui [8]. Ananu3 nanabix WGS mmpoko ucmnonb3yercs
W OTEUECTBEHHBIMHU HCCIIEIOBATEIISIMH VISl BBISIBIICHUS
KJIOHQJIBHBIX CBSI3€H MEXIY Pa3IHMYHBIMH IITaMMaMHU
V. cholerae [9—-11].

© Vodopyanov A.S., Vodopyanov S.0., Pisanov R.V., Oleinikov I.P., Noskov A.K., 2023
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Bonbioe 3nauenue umeer Habop SNP, ucnonn3y-
eMBbIX A5 aHanu3a. Kak nmpaBuio, oH cocTaBiseTcs BO
BpEMs IPOBEACHUS UCCIEAOBAHUA JIJIS ONPENCIEHHON
TpYIIBl aHATM3UPYEMBIX H30JSTOB V. cholerae. Tak,
OOJIBIIMHCTBO Pa0OT MOCBSILEHO OJHOMOMEHTHOMY U3-
YUEHHIO OTpaHHMYEHHBIX HA00POB ITaMMoB [6, 7,9, 11].
OT0, ¢ OJHOW CTOPOHBI, MOXKET ABIATHCA MPUUYUHOU
PacxoXJIeHUs pe3yabTaToOB AaKe MPHU U3yUYEHUHU I'eHO-
MOB OJIHHX U T€X K€ IITaMMOB, C IpyToif CTOPOHBI, Ta-
KOM MOJIX0/1 OTpaHUYHBAET BO3MOKHOCTH NMPOBEACHHUS
MOCTOSSHHOTO MOHUTOPHUHTIA C ONEPaTUBHBIM BKIIIOYE-
HUEM B aHallU3 BBIACIAEMBIX WITaMMOB V. cholerae
[12]. Ha mam B3misam, 3TO JelaeT aKTyaldbHBIM pas-
paboTKy METOAMK, OCHOBAaHHBIX Ha HCIOJIb30BAHHUH
enunoro nepeddst SNP, 4To 03BOJIUT MOBBICUTH OTIe-
PaTUBHOCTh NPOBEJCHUS aHalW3a IMPU BbIIEICHUU
CBeXHX MTaMMOB. CTOMT OTMETHTb, YTO MOAOOHBIHI
MOJX0/, MPEeIyCMaTPUBAIOLIUN aHAW3 IO 3apaHee
onpenenénHomy nepeddio SNP, yxe ¢ ycnexom pea-
JM30BaH Ui BO30ynuTelNst cuOMpCKoi s13Bbl [13—15] n
Tynsipemud [16, 17].

OpHoli U3 3a7a4 UCCIIeIOBAaTENCH B HAIlICH CTpaHe
SBJISIETCSI UMIIOPTO3aMEIlIeHUe, YTO MPEeayCMaTpUBaeT
MIPEO/I0JIEHNE 3aBUCHMOCTH OT MMIIOPTHBIX MTOCTaBOK
MIPOrpaMMHBIX CPEICTB U UCIOIb30BaHUE MpEeUMyIle-
CTBEHHO OTEUECTBEHHOIO MPOrPaMMHOIO obecrede-
Husa'. DTO MOAUEPKUBACT AKTYaJbHOCTh Pa3pabOTKH
OTEYECTBEHHBIX MPOrpaMMHBIX NpPOayKTOB. He meHee
aKTyaJIbHBIMH MTPpOOIeMaMH SIBIISIOTCS aHAJTU3 U BU3Ya-
TU3anus Mody4aeMblX pe3ynbTatoB. OIHUM U3 Hanbo-
Jiee YacTO MCHOJIb3YyEMBIX METO/IOB aHAJIN3a SBIAETCS
MOCTPOEHHE JEHIPOrpaMMbl, OTpaxarouen Quiore-
HETHUYECKHE CBSI3U MEXAY pa3iUYHbIMU IITaMMaMH
V. cholerae. Ognako, 4eM OOJIBbIIE IITAMMOB B3SITO B
uccienoBaHue, TeM Oojiee TPOMO3IKOM MOIydaeTcs
UTOTOBas JEHIpOrpaMMa, 4To OCJIOKHSIET MPOBEICHUE
eé aHanusza. BMecre ¢ TeEM OIHUM U3 YHHBEPCAIBHBIX
WHCTPYMEHTOB aHajlH3a SIBISIOTCS TeOMH(OpMAaLuOH-
Hele cuctembl (['MC), no3Bonsiomye KOMOMHUPOBATD
NPOCTPAHCTBEHHbIE, BPEMEHHBIE U SMUIEMHOJIOTHYC-
cKue JaHHble. B HacTosdlee BpeMs IMIMPOKOE pacHpo-
cTpanenue noayuuwnn onnaH-I'MC u uHTEpaKkTHBHBIE
0a3pl JaHHBIX, pa3MmeliaeMble B ceTd VHTepHET, 4To
o0ecreurnBaeT BO3BMOKHOCTh pab0Thl C HUMHU HIMPOKO-
My Kpyry uccnenosarenei [18-21].

B cBs13u ¢ 3TUM HeJIb HACTOSIIEr0 UCCIIEA0BaHUS
cocTosia B pa3pabOTKe METOAMKH MOJIEKYJISIPHO-TeHE-
TUYECKOr0 MOHHUTOPHHTA 32 BO30OYAHMTENIEM XOJIEphI C
ucnoib3oBanueM oHnaH-I'MIC u ananuse c e€ momo-
IIbI0 IITAMMOB, BBIJIEJICHHBIX paHee Ha TEPPUTOPHUU
Poccun.

' Vka3 Ipesunenra PO or 13.05.2017 Ne 208 «O Crpareruu 3Ko-
HOMUYECKO# Oe3omacHocTH Poccuiickoit denepanuu Ha mepros
1o 2030 roma» u Yka3 [Ipesunenra PO ot 07.05.2018 Ne 204
«O HaUMOHAJBHBIX LEIAX M CTPATETMYCCKUX 3a/a4yax pa3BUTHS
Poccuiickoit @enepanunu Ha nepuon 10 2024 roga»

ORIGINAL RESEARCHES

MaTepwuanbl n metoabl

B pabGore wucnonw3oBanbl 220 TOKCHUTCHHBIX
(ctxAB*tcpA™*) mrammoB V. cholerae O1 El Tor u3 kon-
nexuuu Myses xkuBbIX KylsTyp PocroBckoro-Ha-J{ony
MPOTUBOYYMHOTO HWHCTUTYTa, CEKBEHHPOBAaHHE KO-
TOpBIX TpoBeAeHO Ha Iuiatdopme «lllumina MiSeqgy.
Jiist cpaBHUTENBHOTO aHajiu3a B PadOTy OBbUIM B3SITHI
1848 renomoB u3 6a3bl nanubix NCBI u 530 renomoB
u3 6azel ENA (European Nucleotide Archive), npen-
CTaBJICHHBIX B BUJE PUJIOB, COOPKY KOTOPBIX MTPOBOAU-
JIM C MCTIOJIb30BaHUEM MporpamMMsbl «Spades» [22].

[MporpamMmHOe obecrieueHHe Uil COCTABIICHUS
nepeurst SNP, nposenenuss SNP-TunupoBanus u no-
CTPOCHHUS JIEHAPOrpamMMbl (MHHHMAIFHOE OCTOBHOE
JepeBo) pa3padaThiBalid Ha S3bIKaX MPOTrpaMMHUpOBa-
Hus Java u Python.

s BU3yanu3anuy ASHAPOTPaMMbl HCTIOJIB30BAIN
nporpammy «Cytoscape» [23]. TeoxonupoBaHue MecT
BBIJIEJICHUS [ITAMMOB HPOBOAMJIM C HCIOIB30BaHHEM
API-cepsuca Nominatum. Paspaborky ounnaitn-I'IC
OCYILIECTBIISUIN C MUCTIOJIB30BAHUEM SI3BIKOB MPOTPAMMH-
poBanust HTML, JavaScript u PHP. B xauectse sinpa uc-
IOJI30BAJIA CBOOOTHO PaCIPOCTPAHIEMYIO OUOITHOTEKY
«Leaflet», Hamucannyro Ha sizpike JavaScript. B kadve-
CTBE KapTorpapuyecKuX JaHHBIX UCIIOIb30BAIH KapTh,
MOJy4YeHHbBIE OT coodiecTBa «OpenStreetmapy.

Pe3ynbraTbl 1 06CyxaeHne

[epBriii 3Tan pabOTHI 3aKIIOYANICS B CO3/IaHUU
KOJUISKIIMM T[€HOMOB TOKCHUTEHHBIX (CtxAB'tcpA®)
mraMMoB V. cholerae O1 El Tor. J{as 3ToM 1enu Bce
umerontecs nanHpie WGS ObuTu mpoBepeHbl Ha Ha-
nuuaue reHoB whe (rbfN), tcpA, ctxA, ctxB, 4To 1o3Bo-
a0 orooparh 2598 reHoMoB, BbLACICHHBIX ¢ 1941
mo 2022 r. (cM. TpUIOKEHHWE B JOMOIHUTEIBHBIX
(haiinax k crarbe Ha caiite )ypHaia: DOI: https://doi.
org/10.36233/0372-9311-388-1).I1pu 3TOM HEKOTOpHIE
reHoMsl V. cholerae O1 Obun 1yOGnMpOBaHBI B CiTydae
MIPOBEICHNUS CEKBEHHUPOBAHUS pa3HbIMHM aBTOpaMU Ha
pasHbIX TEXHOJIOTMYecKUX Iiatgopmax. CyliecTBeH-
HOM CIIOXKHOCTBIO Ha JTAHHOM 3Tare SBHJIOCH OTCYT-
CTBHE TIOJHOLIEHHBIX JAHHBIX O MECTE BBLIEICHUS
mramMMoB. [[iist ganbHeiiero anaiau3a ObLIM OCTaBIIC-
HBI IITAMMBI, JJIs1 KOTOPBIX YKa3aHbI TOJl U MECTO BHI-
JIEJICHUS.

Crnenyrommii 3Tan pabOTBl COCTOST B COCTaBlie-
HUM YHUBepcanpHOro mnepeuns SNP, mozsossromero
IPOBOJUTH aHau3 aHHbIX WGS 1mraMMoB Bo30yuTe-
7151 Xosiepbl. OHOM U3 3HAYUMBIX MTPoOIeM IpHU IpoBe-
JCHUU MOAOOHBIX UCCIIEIOBAHUM SBISETCS CYILIECTBEH-
HOE BO3pacTaHWe TPeOOBaHWH MPOU3BOAMTEILHOCTH
BBIYUCIUTEIFHON MOITHOCTH MPU yBEIMYECHUU KOJIU-
YyecTBa McciaeyeMbIX mTaMMoB. C 3TOH 1epl0 HaMu
panee ObLT pa3paboTaH aNrOpPUTM MOCIEIOBATEIBHOTO
aHaJIM3a TeHOMOB, IIpH KOTOpoM nepeueHb SNP uzyya-
€MOro IITaMMa COXpaHsieTcs B OTAeTbHOM (aiine [12].
OT1o obecrnieynBaeT JUHEHHYIO 3aBUCUMOCTh BPEMEHU
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paboThI OT KOJIMYECTBA U3yYaeMBIX ILITAMMOB, 8 TAKXKE
MIO3BOJISIET OPraHU30BATh MHOIOIIOTOYHOCTS, T.€. IPO-
BEJICHUE OJHOBPEMEHHOI'O aHAJIM3a CPa3y HECKOJIBKUX
reHoMOB. IIoMHMO 3TOro 1aHHBII NPUEM B COBOKYIIHO-
CTH C yHHMBepcalbHbIM nepedHeM SNP naér Bo3mMox-
HOCTh DKOHOMHTH BpeMsi P HEOOXOAUMOCTH 100aB-
JICHUS HOBBIX IITAMMOB B aHaJIM3.

Hns cocraBnenus nepeuns SNP B pamkax Ha-
cTosieil paboThl ObLT MPOBENEH aHAIH3 CIIy4YaiHOM
BbIOOPKH U3 50 reHOMOB V. cholerae u3 6a3pl naHHBIX
NCBI, Beinenenusix B nepuon ¢ 2016 mo 2020 r., uro
MIO3BOJIMJIO COCTAaBUTH E€IMHBIN IIEPEYEHb, BKIIOYAO-
Ui gagaeie o 54 858 SNP.

Crnenytomuii 3Tan 3aKiroyancs B IOCTPOSHUH Ma-
TPULBI PAa3JIMUUi, OCHOBAHHON Ha IIOIIAPHOM CpaBHE-
HUU U3y4aeMBbIX IITAMMOB. IIpy 3TOM KaKblii BapUaHT
SNP yuuTsiBasics ISl HadbHEUIIETO aHAIU3a TOJBKO
B Cly4yae HaJW4{s TAKOrO K€ ajuielsl KaKk MUHUMYM
y 3 WTaMMOB, YTO TMO3BOJSET HCKIIOYATh OLIMOKU
cexkBeHupoBaHus. CI0XKHOCTBIO JTaHHOTO 3Tama sBis-
€TCsl KBaJpaTU4Hasl 3aBUCUMOCTb BPEMEHH OT KOJIAYE-
CTBa LITAMMOB. B 3aBHUCHMOCTH OT MOIIIHOCTH UCIIOJb-
3yeMOro KOMITbIOTEpa JaHHBIN 3Tarl cOCTaBisul 12—72 4.

st ananu3a nony4eHHoH nHdopmanuu 0bU10 Ho-
CTPOEHO MHMHHMAaJbHOE OCTOBHOE JIEPEBO, OTpaXkaro-
niee TeHETHYECKYI0 ONM30CTh MEXAY pPa3TuuHBIMU
rpynmnaMu mraMMoB (puc. 1). [lns obneryenus Buzy-
aJbHOTO aHaM3a mrtammel V. cholerae O1, uzomupo-
BaHHbIe B Poccum, OTMEUYEHBI KpacHBIM IIBETOM, Ha
Ykpaune — 3e1EHBIM.

Texnonornyeckue maarGopMbl CEKBEHHUPOBAHHS
pa3In4aloTCs MO XapakTepy TeHEPHPYEMbIX OLIMOOK.
Hanpumep, npu ncnosib3oBanuu TexHoiaoruu «MiSeq
(«Illumina») omMOKKM CEKBEHUPOBAHHUS 4Yallle BCEro
NPOSIBIISIIOTCSA B BUAE COAUHUYHBIX HYKJICOTHIHBIX 3a-
MeH, B TO Bpems Kak st «lon Torrent» Gonbiie ObLIH
XapaKTEepHBI JeleUU-BCTaBKU [24]. DTO MOXET SB-
JATBCS CYHIECTBEHHOH NpOOIEMON HpU CPaBHUTENb-
HOM aHaJIM3€ JAHHBIX, MOJTYYCHHBIX Pa3HBIMU aBTOpa-
Mu. J{ns pemieHust 5Tod mpoOieMbl paHee Hamu ObLT
NPEATIOKEH METOJ «KOHTPOJILHBIX T€HOMOBY, 3aKIIIO-
YaloLuiicss B J00ABICHNH B aHAJIU3 ONHHUX U TEX JKe
LITaMMOB, CHKBEHC KOTOPBIX HMPOBEACH Ha Pa3IMUHBIX
TUIAaX CEKBeHATopoB [24]. B paMkax HACTOAIIETO HUC-
CJICZIOBAHMUS B aHAJIN3 OBbUIHM BKIIOUEHBI IAphl FTEHOMOB
mraMMoB V. cholerae O1 El Tor Ne 81 u Ne 18899,

Puc. 1. leHaporpamma, oTpaxaroLasa reHeTudeckyto 6nmsoctb Mmexay 2598 reHomamu TOKCUMreHHbIX wrammoB V. cholerae
O1-ceporpynnbi.
Fig. 1. Dendrogram reflecting the genetic affinity between 2598 genomes of toxigenic strains of V. cholerae
of the O1 serogroup.
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Puc. 2. dparmeHT geHaporpammebl, oTpaxatoLer 6nmsocTb wWrtammoB V. cholerae, BolgeneHHbIx B MockBe, k LUTaMMaM
13 NHgum n Henana. [1nsa kaxgoro wramMmma ykasaHbl HOMep LTaMmma, MeCTO U rof, BblAeneHus.

Fig. 2. Fragment of a dendrogram reflecting the relatedness of V. cholerae strains isolated in Moscow to strains from India
and Nepal. For each strain, the strain number, place and year of isolation are indicated.

CEKBEHHPOBAaHHE Ka)XIOTO W3 KOTOPBIX MPOBEIEHO Ha
wiarpopmax «MiSeq» («Illumina») u «lonTorrent»
(«Thermo Fisher»). [lomapnass rpynmupoBka TakKHX
HITAMMOB, Ha Halll B3NS, AOKA3bIBAET KOPPEKTHOCTD
IIOCTPOECHHOMU JACHIAPOTrPaMMBI.

AHanu3 AeHAPOrpaMMBI MTOKA3bIBACT, YTO OCHOB-
Hasl Macca TOKCUTCHHBIX U30JsTOB V. cholerae pacupe-
JeNsieTcs MEXIy HECKOJbKUMH OOJBIIMMHU KilacTepa-
mu. HaubomnbImii MHTEpEC, Ha HaIl B3IV, IPEICTaB-
JSieT aHaJlM3 LITaMMOB, H30JUPOBaHHBIX B Poccum.
I'eHOMBI TOKCUT€HHBIX IITAMMOB V. cholerae Ne 19187,
19188 u 19188a, Beimeneunsie B Mockse B 2010 1,
OKa3aJlCh TeHETHUECKU OJM3KH IITaMMaM, LUPKYIIU-
poBaBIIKM B 3T0 ke BpeMs B uaun u Henane (puc. 2).
B To Bpemst kak uzonsathl V. cholerae Ol-ceporpymnibl
Ne 19191 m 19191a, Taxke BwimelneHHBEIE B MOCKBE,
OKa3aJuCh OJHM3KU «TauTAHCKOM» TPyIIe IITaMMOB,
HUpPKyIupoBaBmux Ha o. 'autu B 2010 1., uTo coracy-
€TCsl C JTaHHBIMHU, [TOJTy4YeHHBIMU paHee [24].

OcoOblif  MHTEpeC TMPEACTaBIAIOT  IITAMMBI
V. cholerae, BrI3BaBIINE BCIIBIIIKY XOJEpbl HA YKpau-
He B 2011 1. JlaHHbIe MITAMMBI UMEIOT «TAUTSHCKUI
Tun rela ctxB (ctx-B7 no knaccudukanuu [25]) 4, mo
MHEHHIO psijJia aBTOPOB, 00pa3yroT OOLIUI KJIacTep Co
HITAMMaMH, BBI3BABIIMMH BCIIBILIKY XOJIEphI Ha 0. ["au-
ta B 2010 . [26]. OgHako, 1O aHHBIM HACTOSIIIETO
WCCIIEIOBaHMsI, «YKPaHMHCKUE» IITaMMBbl 00pa30BajH

OT/CIBHBIA KJIacTep CO LITaMMaMH{, H30JIUPOBAHHBI-
mu B Munuu B 2010-2016 rr. B 3T0T )€ KIacTep mo-
mann u3onar V. cholerae Ne 6878, BoigeneHusiii 8 Mo-
ckBe B 2012 r. (puc. 3). [IpumeyarenbHO, YTO JaHHBIH
KJIacTep SIBIACTCS JOYEPHHUM OT KilacTepa IITaMMOB,
BBIIETICHHBIX HENOCpPEACTBEHHO Ha 0. 'autu B 2010—
2013 rr., 9TO coryacyeTcsl ¢ JaHHBIMU, MOTYYCHHBIMU
K.V. Kuleshov u coaBT. [27]. DTO m0O3BOMISIET CcaeIaTh
BBIBOJI O TIPOAOJDKAIOIIMXCS MyTallMOHHBIX M3MEHEHU-
SIX B JAHHOMW TPYIIIE IITAMMOB.

BecbMa MHTEpECHBIM HPEACTABISIIOCH H3YUECHHUE
TOKCUTEHHBIX HITAMMOB, BBIICICHHBIX B PocToBCKOM
obmactu B 2011 u 2014 rr., BBUAY TOTO YTO paHee Mpo-
BeAEHHOE MCCIICAOBAaHNE HE TIO3BOJIUIIO BBISBUTH OJIN3-
KOpPOJCTBEHHbIE TeHOMBI [24]. B pamkax HacTosIero
HCCIIeIOBAaHUs JaHHbIE U30JIATHI IOMAJIM B OOLIMI KIia-
CTEp CO LITaMMaMH, IUPKYIUpoBaBIIMMU B Mo3zamOu-
ke Ha npotrspkeHnn 6onee 10 netr. Kpome Toro, B aToT
e KJlacTep BOILUIM IITaMMBI, M3011poBaHHble B 2005 1.
B TBepu u Mockse (puc. 4).

B Xozme smuaeMHonoru4eckoro pacclieZoBaHUS
BCIBIMIKA X0Jepbl (52 O0onbHBIX U 18 BUOPHOHOHO-
cureneid) B Kazanu B 2001 1. ObUI0 BBICKa3aHO Tpen-
MOJIOKCHHUE O 3aBO3¢ BO30yaMTENs M3-3a pyOexka [28].
B pamkax Hacrosuiero uccienoBaHMs yCTaHOBIIE-
HO, 4TO WTaMMbl V. cholerae, BbllieieHHBIE BO BpeMs
Beoelmkd B 2001 T., OKa3alnCh T€HETHYECKU OJIM3KHU
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Puc. 3. ®parmeHT aeHgporpaMmbl, COAepXaLLmMi WTaMMbl, M30NTMPOBaHHbLIE BO BPEMS BCMbILLKM XOmnepbl
B Mapuynone B 2011 1.

,D,ﬂﬂ KaXaoro wramMmMa yKa3aHbl HOMep wtamMmMa, MeCTo U rof BblaeneHu4a.
Fig. 3. Afragment of a dendrogram containing strains isolated during a cholera outbreak in Mariupol in 2011.
For each strain, the strain number, place and year of isolation are indicated.

Puc. 4. ®parmeHT geHgporpammbl, CoagepXalumi Wwtammbl, M3onuposaHHble B Poccun B 2005-2014 rr.
,U,J'IFI KaXxaoro wramMmMa ykasaHbl HOMmep wtamMma, MeCTo U rof BblaerneHnda.
Fig. 4. A fragment of a dendrogram containing strains isolated in Russia in 2005-2014.
For each strain, the strain number, place and year of isolation are indicated.
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Puc. 5. ®parmeHT geHgporpammbl, Coaepxallen wrammbl, n3onnposaHHble B Poccun B 2001 T
,D,J'Iﬂ KaX4oro wramMmma ykasaHbl HOMep wrtamMmmMma, MeCTo M rog BblaeneHuns.
Fig. 5. Fragment of a dendrogram containing strains isolated in Russia in 2001.
For each strain, the strain number, place and year of isolation are indicated.

n3omsTaM u3 Adranucrana (puc. 5), a TaKke mTaM-
MaM, u3onupoBaHHBIM B PoctoBe-Ha-ony (2001 r).
[IpumeuarenbHO, 4TO OIM30CTH MEXKIY LITAMMaMu M3
PocroBa-na-Jlony u Kazanu yxe Obuia niokasaHa paHee
o utoram VNTR-ananmmza [29, 30]

AKXTyanbHBIM, Ha HAlll B3MJISM, SIBJISETCS COIMO-
CTaBJICHUE PE3yJbTATOB U3Y4YeHUs TeHOMOB V. cholerae,
MOJTY4YEHHBIX Pa3lUYHBIMU aBropaMu. B 3ToM muiaHe
BecbMa nHTepecHa pabora F.X. Weill u coasr., mocss-
mI€HHAast U3y4YEeHHIO TEHOMOB BUOPHOHOB, N30JUPOBaH-
HBIX Ha adpuxanckom koHTHHeHTe [31]. Ha ocnoBe
0aliecOBCKOTO aHalW3a aBTOPHI BBIACTHIN 12 BOJH

pacnpocTpaneHus xonepsbl B Appuke. Ham ynanocs co-
[IOCTaBUTh JIAHHBIC O MPUHAJICKHOCTH IITAMMa K TOH
WM WHOW BONHE A 237 H30J4TOB, B3SATHIX B HaIlle
uccienopanue. [Ipu 3ToM Kaxxias U3 BOJIH 3aHUMACT
oT 1 10 4 KTacTepoB, IPU ATOM OTCYTCTBYIOT KJIACTEPHI,
B KOTOpBIN TOMajaid Obl ITaMMbl U3 Pa3HBIX BOJIH.
Ha Harm B3mi1si/1, 3T0 MOXET CBUJICTEILCTBOBATH O XOPO-
el CXOJUMOCTH PE3yJIbTaTOB, MOJIyYCHHBIX pa3jiny-
HBIMH METOIAMH.

Crnenyrommii 3Tan paboThl COCTOSIT B pa3padOTKe
onnaiH-I IC, conmeprkaiieil JaHHBIE O TEHOMAaX TOKCH-
reHHbIX mwramMMoB V. cholerae O1. C 310l 1€1b0 Ha-

Puc. 6. BHewHui Bug paspabotanHon N'MC «MonekynsipHO-reHeTu4ecknii MOHUTOPUHT 3a V. choleraex.
Fig. 6. The appearance of the developed GIS "Molecular genetic monitoring for V. cholerae".
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Puc. 7. ®parmeHT N'MIC «MonekynsipHO-reHeTU4ecknii MOHUTOPUHT V. cholerae» — LuTaMMbl, FrEHETUYECKN
6nuskopoacTBeHHble wrtammy V. cholerae Ne 1-1330.

Fig. 7. The fragment of GIS "Molecular genetic monitoring for V. cholerae" — strains genetically closely related to V. cholerae
strain 1-1330.

MU OBUTH 0TOOPaHbl TEHOMBI BUOPHUOHOB, IJIsi KOTOPBIX
uMenach HHPOpPMALHMA O MECTE U JIaTe MX BBIACICHUS
(2598 renomoB). Ilocie reokoaMpPOBaHUs C UCIIOIB30-
BaHueM cepBrca Nominatum JlaHHbIC ObLIIM HAHECCHBI
Ha JJIEKTPOHHYIO Kapty (puc. 6). B ciayuae uzonauuu
HECKOJIbKUX IITaMMOB B OJJHON TOYKE OHM aBTOMAarTu-
YECKU TPYNIHUPYIOTCS B €IUHBIM IPOCTPAaHCTBEHHBIN
KJlacTep ¢ oToOpa)keHueM UX KonmuuecTBa. [Ipu Haxa-
THUU Ha HETO OTOOpakaroTcs BCE IITAMMBI, BXOAALINE B
Takoi knactep. st GunpTpanuu no BpeMeHu BhlAeTIe-
HUS IITAaMMOB NpPEAyCMOTpeHa KHOMKa «BpiOopka mo
rofiam», O3BOJISIONIAs yKa3aTh HEOOXOAMMBIH BpEMEH-
HOH JMAIa30H.

st BEIOOpKHM W (pUIIBTpaly IITAMMOB Ha OCHO-
BE€ MX T€HETUYECKON OIM30CTH OBLT CO34aH CEpBEPHBII
MIPOrpaMMHBIA MOJYIb, MMO3BOJIAIOUINM BBIABIATH Te-
HETHYECKH OJIM3KUE BapUAHTHI C MOMOILBIO MaTPHULIB,
IIOCTPOCHHOM Ha mpenplnyiieM srane. [Ipu Haxaruu
Ha MapKep IITaMMa OTOOpa)kaeTcsl IHUAIOrOBOE OK-
HO, cofepiKaliee KpaTKylo MH(POPMAaIUI0 O TeHOME U
KHONIKYy «HalTh moxokue», MO3BOJSIONIYI0 BBIOPATh
BCE T'€HOMEI, OTJIHYaroniuecs He 6onee yem Ha 5 SNP.
st obneryeHus: BU3yallbHOTO aHaIN3a pa3Mep MapKe-
pa oTpaxkaeT TreHeTh4ecKyro onuzoctb. Hampumep, pe-
3yJBTaT MOUCKa OTU3KOPOICTBEHHBIX TEHOMOB ILITAMMA
V. cholerae Ne 1-1330, Beigenensoro 8o BiagusocToke
B 1999 r, nmpencrasneH Ha puc. 7. CTOUT OTMETUTB, YTO
HanboJiee TEHEeTUYEeCKH OJIM3KUMH AaHHOMY IITaMMY
SIBIIAIOTCS. M30JIATHL, BblaeaeHHble B Kurae, KamOomxke

u Jlaoce, 4TO, B CBOIO OYEpE/b, KOPPEIUPYET C JaHHbI-
MU, MOJIy4€HHBIMU APYTUMHU aBTOpami [32].

BbiBOAbI

B xonme npoBenéHHOro McClenoBaHusI OTOOpPaHbBI
54 858 SNP, nozBonstomue nuddepeHInpoBars u-
JEMHOJIOTHYECKH 3HAYMMBIC IITAMMBI, H CO3JJaHO TIPO-
rpaMMHOE o0eclieueHHe Il MPOBEACHHUS MaKeTHOTO
(UIIOTEHETHUECKOTO aHaln3a TOKCUTEHHBIX IITaMMOB
V. cholerae na ocoBe nanueix WGS.

[octpoena menaporpamma, oTpaxkarouias Qpuio-
TeHEeTUYECKHE CBA3U MeXTy 2598 reHoMaMu TOKCUTEH-
HBIX U3014T0B V. cholerae. Iloka3aHo, 4T0 OOJIBIIMH-
CTBO HITAMMOB PacIpeAesIoTCs MEXy HECKOIbKUMHU
OONBIIMMH KJIACTEPAMHU. YCTAHOBJICHO, YTO IUTAMMBI
u3 PocroBckoii obmactu (2011 u 2014 rr.) okazanuch
OJIM3KH K TPpyTIe IITAMMOB, IJTUTEIBHO IUPKYIUPOBAB-
mux B Mozam6uke. 3omnstel V. cholerae, BolfieneHHBIE
B Mockse B 2010 r, mpeacTaBieHb! IByMs pa3HBIMHU
KJIacTepaMH, OIMH U3 KOTOPHIX 00pa3oBaH IITaMMaMHU
u3 Henana u Muauu, B To BpeMs Kak BTOPOM MpeCTaB-
JIeH IITaMMaMH, BBI3BAaBIIMMHU BCIBIIIKY XOJEphl Ha
o. I'autu B 2010 1. YcTaHOBIEHO, YTO AIIHAECMUYECKUE
OCJIOKHEHMs! BCHBIIKKM Xonepsl B I. Kasanu B 2001 1.
BBI3BaHbl IITAMMaMH, T€HETUYECKH OIU3KOPOJICTBEH-
HBIMH IITaMMaM 13 Adranucrana.

Coznana onnaitH-I UC «MosekynsapHo-TeHeTHYe-
ckuii MOHUTOPHHT V. choleraey, mo3BoisiionIas MpoBo-
JIUTH BBIOOPKY ONM3KOPOICTBEHHBIX IITAMMOB HEMO-
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CPEICTBEHHO Ha 3nekTpoHHoi kapre. [ IC pacnionoxe-
Ha Ha cepBepe PocToBckoro-ua-JloHy IpOTHBOUYMHOTO
MHCTUTYTa U JOCTYIHA JJisi paboThl COTPYAHUKAM yu-
pexnenuit PociorpeOHan3opa u APyrux 3aMHTEPECO-
BaHHbIX BEAOMCTB.
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OueHKa pernctpupyemoro v CKpbiTOro snvuaeMmn4yecKkoro npowecca
Knewesoro sHuedpanunta B Pecnybnuke Kapenus

Py6uc J1.B.”™, YeBckas B.E.2, EkumoBa 0.B.%, Ca¢poHoBa O.C.2

'MeTpO3aBOACKUIA FOCYAAPCTBEHHDIN yHMUBEpCUTET, MeTpo3aBoack, Poccus
2lleHTp rurveHbl n snuaemunonorun B Pecnybnvke Kapenus, Metposasoack, Poccus

AHHOMauus

BBeaeHue. 3aboneBaemocTb kneweBbiM aHLedannTom (K3) B Poccuu coxpaHsieT akTyansHocTb. OueHka anu-
AEeMUYecKoro npouecca aton nHdekuun B Pecnybnvke Kapenusa BakHa He TOMbKO ANst MOHMMaHUS ero o6Lumx
3aKOHOMEPHOCTEN, HO 1 B CBA3WN C POCTOM TYPUCTUYECKOW MOCELLaeMOCTM perMoHa.

Llenb: oLeHWTb COBPEMEHHYHO anuaemMmnyeckyto cuTyaumio no K3 B Pecny6nuke Kapenus, conoctaButb xapakre-
PUCTMKM PEFMCTPUPYEMOrO U CKPbITOro 3NMAEMNYECKOro npoLecca.

Martepunansb! n metoabl. [1o JaHHBIM y4éTa criyyaeB obpalleHnsi 3a Me4MLMHCKOM MOMOLLbIO B CBA3M C NpUcachl-
BaHWEM KreLLeWn, pe3ynbTaToB UCCNEAOBAaHNS 3apaXXEHHOCTM knewer Bupycom K3 1 anuagemumonormyeckoro pac-
CrnegoBaHusa criyyaeB 3aboneBaHUs NpoaHanu3anpoBaHbl PUCK 3apaXkeHnst U 3aboneBaemocTb B 1992-2022 rr.
KnuHnyeckas, reHoepHas n Bo3pacTHasa CTPYKTYpbl, TepputopuansHoe pacnpegeneHune 60nbHbIX U NocTpaaas-
LUMX OT KreLlen conocTaBneHbl C pe3yrnsTaTaMy CeposiorMyecknx nccnegoanHun 2379 npob KpoBu B3poCrnoro
HaceneHus, npoBeaéHHbIX B 2011-2022 rr.

PesynbraTbl. 3apax&HHOCTb KreLlen Bapbuposana ot 23,6—27,0% B 2002—2005 rr. go 1,0% B 2022 rr. B 2004 r.
aHTureH Bupyca KO 6bin BbisIBNeH B KOMapax. TeppuTopusi pucka — HXXHas 4acTb pecnybrnuky, HO BbisIBNEH
pocT obpallaemMocTn B CEBEPHbIX panioHax. 3aboneBaeMocTb MpeBbilana cpegHedenepansHble nokasarenu,
ocobeHHo B 2003—-2004 rr. (15,3-11,6 Ha 100 Tbic.). K 2021-2022 rr. oHa cHusmnacb go 1,8—1,5 Ha 100 ThiC.
OvHamuka 3aboneBaemMocTy KoppenvpoBana ¢ AMHaMKKo 06pallaeMocTu 1 3apaxEeHHocTur knewen (R = 0,92
n 0,73). Pernctpupyemasi 3aborneBaemMocTb HbKe pacHETHOro nokasatens pvcka 3apaxeHus. Hanbonee yacto
OMarHocTupoBann MeHuHreanbHble opMbl. Prck 3aboneBaHms Bbille y Nu1L, NOXMITOrO Bo3pacTa Uy MY>X4KH,
YTO onpenensieTcs, No-BUAMMOMY, YCIIOBUSIMU 3apaxeHusi. AHTUTeNa K Bupycy BoisiBrexbl y 11,8 + 0,7% obene-
[OOBaHHbIX.

3akntoueHue. B Pecnybnuke Kapenus BbISBNEHO yCTONYMBOE CHIDKEHME perncTpmpyemon sabonesaemocTtn K3,
CBSiI3aHHOE B OCHOBHOM C AeNCTBMEM BGUOMOrMYeckux 1 NpupoaHbix aktopoB. OueHKa ceponpeBaneHTHOCTU
No3BONMna BbISIBUTb CKPbITYIO YacTb 3NUAEMUYECKOro npoLiecca.

KnioueBble cnoBa: kreweeol sHueganum, 3abonesaeMocme, eupycod)opHocmb, o6paLuaeM00mb, aHmumersia

3muyeckoe ymeepxdeHue. ViccnenoBaHue NpoBoAMIoCh Npu O6pPOBOSIbHOM MHPOPMUPOBAHHOM Corflacuv nauu-
eHToB. [poTokon nccnegoBaHns ogobpeH dTndeckum kommteTom npy MyUHUCTEPCTBE 3apaBooxpaHeHust Pecrybnuku
Kapenus n MeTpo3aBoackom rocygapcTBeHHOM yHuBepcuteTe (npotokon Ne 48 ot 10.03.2023).

McmoyvHuk ¢puHaHcupoeaHusi. ABTOpbI 3asBMSAT 06 OTCYTCTBMU BHELLUHEro (OMHAHCUPOBAHUS NPU NPOBEAEHUN UC-
crnepoBaHus.

KoHgbniukm uHmepecoe. ABTOPbI AeKNapupyOT OTCYTCTBUE SIBHLIX U NOTEHLMANbHBLIX KOH(IUKTOB MHTEPECOB, CBSI-
3aHHbIX C Ny6rvkaumen HacTosILLEeN cTaTbu.

Ansa yumupoearus: Py6uc I1.B., Yesckast B.E., Ekumosa O.B., CadpoHoBa O.C. OueHKa perMcTpupyemoro 1 cKpbiTo-
ro aNuaeMr4eckoro npotecca knewesoro aHuedanuta B Pecnybnuke Kapenus. XKypHan mukpobuonoauu, anudemuo-
noeuu u ummyHobuonoauu. 2023;100(6):472—484.
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Assessment of registered and hidden epidemic process
of tick-borne encephalitis in the Republic of Karelia
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Abstract

Introduction. The incidence of tick-borne encephalitis in the Russia remains relevant. The assessment of the
epidemic process in the Republic of Karelia is important not only in terms of understanding its general patterns,
but in connection with the growth of tourist attendance in the region.

Aims: To assess the current epidemic situation of tick-borne encephalitis in the Republic of Karelia, and to
compare the characteristics of registered and hidden epidemic processes.

Materials and methods. The risk of infection and incidence were estimated based on the analysis of the registered
cases of seeking medical help in connection with tick bites, the results of a study of tick-borne encephalitis
virus (TBEV) infection rate in ticks, and the epidemiological investigation of cases of tick-borne encephalitis in
1992-2022. Clinical, gender and age structure, territorial distribution of patients and victims of the tick bites were
compared with the results of serological studies of 2379 blood samples of the adult population, conducted in
2011-2022.

Results. Infection rates of ticks removed from humans ranged from 23.6-27.0% in 2002—2005 to 1.0% in 2022.
In 2004, the TBEV antigen was detected in mosquitoes. The territory of risk is the southern part of Republic.
However, the increase in number of cases of seeking medical help was observed in the northern part of Republic.
The incidence rates exceeded the national average, especially in 2003—2004 (15.3—11.6 per 100 thousand). In
2021-2022, it decreased to 1.8—1.5 per 100,000. The dynamics of incidence had a high-degree correlation with
the dynamics of seeking medical help and infection rates in ticks (R = 0.92 and 0.73). The reported incidence was
lower than the estimated risk of infection. The meningeal forms of infection were most often diagnosed. The risk of
the disease was higher in the elderly and in men, which was determined by the conditions of infection. Antibodies
to TBEV were detected in 11.8 £ 0.7% of the examined persons.

Conclusion. A steady decrease in rates of registered tick-borne encephalitis incidence has been revealed in the
Republic of Karelia, mainly due to the action of biological and natural factors. The assessment of seroprevalence
made it possible to reveal the hidden part of the epidemic process.

Keywords: tick-borne encephalitis, morbidity, virus infection, seeking medical help, antibodies
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BeBepeHune

BupycHslii knemeBoit snnedanut (K3) B Poccun,
HECMOTPS Ha CHIDKAIOIIYIOCSA HA TMPOTSHKCHUH JIBYX Jie-
cATHICTUH 3a00JIeBaeMOCTh, OCTAETCsl CePhE3HOU MPO-
OJIeMOi 1S 3/JPAaBOOXPAHCHUS B CHITY TSDKECTU OOJIC3HH
1 e€ MOoCIeACTBUM, IIMPOKOTO apeajia U CPEeIHEro JMu-
JIEMUYECKOro ToTeHuana Bo3oyaurens [1-3]. CHuxke-
Hue 3aboseBaeMoctH KD 00yCIOBIEHO KOMILIEKCOM
OMOJIOTUYECKHX, TPUPOJHBIX U COLMAIBHBIX (HaKTOPOB,
OJIHUM U3 KOTOPBIX SIBJISICTCS HAOIIOIaeMOE 10 KpalHe
Mmepe ¢ 2015 r. cokpauieHre oiu HMHOUIUPOBAHHBIX
ocobeli cpeau ynan€HHbIX ¢ Jroed knemeit [1, 4, 5].
B T0 e Bpems oOparaeMocTh 3a MEIUIIMHCKOM TTOMO-
LIBIO 10 TIOBOY MpucachiBaHus kiemei B 2014-2022 rr.
HE UMella TeHICHITNH K CHIKCHHIO U B CPETHEM COCTaBU-
na 343,1 na 100 TIc. HaceneHus [6, 7]; Kak U B CTpaHax
EBporibl, BBISBICHO paciipeHe apeana NepeHOCYUKOB
BHpYCa B CEBEPHOM M 3aIaJHOM HarpaBieHusx [8—12].
Poct 3aboneBaemoctu B 2022 1. paccMaTpuBaeTcs Kak
BO3MOXXHOE HAUaJIo OuepeHoro Makpouukia [2]. Bme-
CTe ¢ TeM perucrpupyemas 3aboneBaemoctb KO He oT-

© Rubis L.V., Chevskaya V.E., Ekimova O.V., Safonova O.S., 2023

paxaeT B MOJIHON Mepe MIUPOTY U HHTEHCUBHOCTh pac-
MPOCTPAHEHUsI BO3OYIUTEIIS B CBSI3U CO 3HAYUTEIBHOMN
4acTOTOM OECCUMITOMHBIX MM OCTAIOIIUXCS Helua-
THOCTHPOBAaHHBIMHU JIETKUX (opM mHbpekumu [13, 14],
(OPMUPYIOIIUX «CKPBITYIO» YacTh JMHJIEMHUYCCKOTO
rpoiiecca, OIEHUTh KOTOPYIO MO3BOJISIOT CEPOdIHUIE-
MHOJIOTHUECKHE uccienoBanus [14, 15].

OpnauM u3 48 supemuunbix Mo KO cyObekros
ctpansl aBisercs Pecrryonuka Kapenus (PK), mo ypos-
HIO 3200JIEBaCMOCTH OTHECEHHAS K TEPPUTOPUSIM CPE/I-
Hero anuaeMuonorundeckoro pucka [ 11]. PK naxonurcs
Ha ceBepo-3anaae Poccun mexay 60°u 66° .., rpa-
HUYHUT ¢ MypmaHckoi, ApxaHrenbckoi, Bomoroackoit
u JleHuHrpaackoii 00acTsIMH, Ha 3amajie Ha BCeM Ipo-
TsoKeHuu — ¢ Ounnsaauen. M3 18 anMunucrparus-
HBIX 00pa3oBaHuii YHAEMUYHbIME 110 KD siBisitorest 13,
HaxoAsAImMxcs oxHee 64,5° c.ir.! Bomee nByx Tpereit

! Mucemo ®PenepanpHoii cinyx6el mo Hamzopy ot 01.02.2023
Ne 02/1545-2023-32 «O mepedne 3HASMHUYHBIX TEPPUTOPHUIL MO
KJIEIIEBOMY BUPYCHOMY 3HIedanuty B 2022 T.».
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tepputopun PK siBnsiercss mectom obutanus Ixodes
persulcatus P. Sch., 1is KOTOPOTO YCTaHOBIIEHO pac-
HIMPEHUE TPaHUI] B MpeAesiax dHISMHYHBIX PaiiOHOB.
B roro-3anannoii vactu PK oburaer /. ricinus L., apean
KOTOPOTO HECKOJIBKO CY3HJICS, a CeBEpHAs IpaHMLIa pac-
MPOCTpaHeHus He u3MeHunace [16, 17].

Cpenu I. persulcatus B PK BpIsiBiIeHa HINPKYISALMS
Bupyca K3, mpunamexamero k banruiickoit rpymnme
Cubupckoro cyoruna [18]. BupycodopHocTs kiemieit
B 2000-2021 rr. BapsupoBana ot 23,6 mo 1,3% [19],
B 1. persulcatus PHK Bupyca oOHapyxuBaiu daie,
gyeM B /. ricinus [18]. YcraHoBIeHa cuibHAsE KOppes-
nysl guHaMuKd 3aboneBaemoctd KO B 2000-2021 T
¢ o0pamaeMocThi0 1O TOBOAY IPHCACHIBAHHS Kile-
el 1 ux 3apaxéHHoctsio [19, 20]. AnTuTena kinacca
IgG k Bupycy KD B pa3zHbie T0/bl ObLIH BBISBICHBI Y
11,9-13,0% »xwureneit PK [19, 21, 22]. Hecmotps Ha
TO uTO Bomnpockl KD 1 GHonoruu ero nepeHoCYnKkoB B
PK paccmarpuBatoTcs B psijie myOnuKanuii, npeacTas-
JICHHBIC B HUX CBEJCHHMS IO3BOJIIOT JIMIIb B OOILIMX
4yeprax OLEHHWTh SMHIEMHYECKYylo cuTyauuio B PK,
TypUCTHUECKas MOCEIAaeMOCTh KOTOPOil B MOCIeIHNE
rofsl pe3ko Bblpocia. bonee miyOokuii aHanu3 JaH-
HBIX, XapaKTepU3YIOUIUX MPEANoaraeMelii U pealb-
HBIH puck 3a0oneBanns KO B PK, BakeH He TONBKO st
OLICHKH JIOKAJbHOM CUTyalluW, HO M Ui TOHHUMAaHHUsI
o0IIKX JUIs CTPaHbl 3aKOHOMEPHOCTEH MUAEMUYECKO-
TO TpoIlecca U ero MpOrHo3UPOBaHUS.

Less uccnenoBanuss — OLEHUTH COBPEMEHHYIO
snuaemMudeckyto cutyanuto mo K3 B PK, conocraButs
XapaKTePUCTHKH PETHCTPUPYEMOTO U CKPBITOTO AMIUAe-
MHYECKOTO Ipolecca.

MaTepman bl N meToAbl

Snudemuosioeudeckoe uccaedosaHue

HccnenoBanue mNpoBeAEHO C HCIHOIb30BAHUEM
ONMCATENIFHOTO METOAA 3MHAEMUOJOTHYECKOTro aHa-
nu3a (PEeTPOCHEKTUBHBIN aHaNn3, KOPPEISAIUOHHBIHI
aHanu3). MHOTOJICTHSS JMHAMHKA OOpaIiaeMoCTH
32 MEIUIIMHCKOM MOMOIIBIO B CBSA3U C IPUCACHIBAHU-
eM KJIelIel M3y4yeHa MO JaHHBIM, MPEACTABICHHBIM B
®bY3 «llenTp ruruenst u snuaemuonoruu B PK» (pa-
Hee — PecrnyOnuKaHCKUI IIEHTP rOCCaHAHUIHAA30PA)
MEIUIIMHCKUMU opranu3anusiMu T IlerposzaBoacka
¢ 1992 mo 2022 r. ¥ MEIUIIMHCKUMH OpraHU3alUIMU
BCEX aIMHHUCTpaTuBHBIX oOpaszoBanuii PK ¢ 2002 mo
2022 r. [To maHHBIM XypHAJIOB yuéTa OKa3aHHUs MTOMO-
i I'bY3 «bonpHuia cKOpoit MEAUIIMHCKON TOMOIITI
r. IleTpo3aBoacka mpoaHaIM3UpPOBaHBI BO3pAcTHAs U
TeHJICPHAs CTPYKTypa B3POCIBIX JIMIl, OOpaTHUBIINX-
Cs B YUpEXJEHHE B CBSI3U C MPHUCACBIBAHUEM KIIELIEH.
B ananu3 Bo3pacTHOU CTPYKTYphI BKIIOUCHBI JAHHBIC
0 8166 ciydasx oOparieHui sui B Bo3pacte 20 JjeT
u crapue B 2001-2003, 2009-2010 u 2017-2019 rr,,
gyto coctaBmwio 77,4% ot 10 554 cinydaeB oOpateHuit
B3pPOCJIOTO HACETIEHMS], 3apErUCTPUPOBAHHBIX B TOPOJIE
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B 3TU ronbl. [eHaepHas CTpyKTypa HpoaHaIU3UpOBa-
Ha 1o JaHHeIM o 1037 cnywasx oOpamenuit B 2017—
2019 rr. (42,0% u3 2471 ciiydaes).

MHoroneTHssl uHaMuKa 3aboieBaemoctd KO B
PK mpoananuzupoBana 3a nepuoj ¢ 1992 mo 2022 r.
Amnanu3 3a0071€Ba€MOCTH 10 aIMUHUCTPATHBHBIM paiio-
HaM TIPOBEAEH MO JaHHBIM OQHUIUANBHOW CTaTUCTU-
ku (1997-2022 1) ¥ JaHHBIM SMUAEMHUOIOTUIECKOTO
paccienoBanus ciydaes 3abonesanuii (2002—2017 rr.).
[lo maHHBIM KapT SMUAEMUOJOTHYECKOrO paccliieno-
BaHMsI W3y4yeHbl KiuHuueckue Gopmber KO (1998-
2022 rr.), Bo3pacTtHele (2001-2022 rr.) u reHnepHble
(1992-2022 rr.) ocobeHHOCTH 3a00JICBACMOCTH Y
B3pOCIBIX, yciaoBud 3apaxenus (2010-2022 rr).

JlabopamopHele ucciedo8aHua

BupycodopHocTs Kkiemeil poaHaIu3MpOBaHa
[0 JaHHBIM BUpycoyioruueckod jabdoparopuu PBY3
«llenTtp ruruens! u snunemuonoruu B PK» 3a 1992—
2022 rr. Beero B naGoparopuu 3a 3TOT NEPUOJ UCCIIC-
noBaHo 77 296 knemei, B ToM yncie 74 088 CHATHIX ¢
JIIOZIEH.

HccnenoBanusi IpOBOIWIM METOAOM TBepAodas-
HOro uMMyHodepMmeHnTHoro aHanuza (UDA) Ha Hanu-
yue anturena supyca K3, ¢ 2006 r. — MDA u nonume-
pasuoit nennoit peakmuu (I1LP). B 20062010 rr. me-
tojom I1LIP uccnenoBaiu ToiabKo Kieiek, COOpaHHBIX
B npupoze. C 2011 r. ucrnonp3oBainu HaOOp peareHTOB
quis BeisiBienus PHK/JIHK 4 Bo3Oyaureneit « Amruiu-
Cenc TBEV, B. burgdorferi sl, A. phagocytophilum,
E. chaffeensis/E.muris-FL» (DBYH « [ UHUW Bnune-
muosnorun» Pocnorpebnanzopa). st MDA ucnonn3o-
Banu Habop peareHToB «BekroBKD-anTuren» («Bek-
top-bect»). C 2011 1. uccnenoBano 35 447 kieieH,
CHATBIX C JroaeH, B ToM uucie 27 563 metogom I[P
u 7884 — metomom MDA, a taxxke 2059 xiemeH, co-
OpanHbIX B npupoae, metogom I1LP. B 2004 r. mpose-
neHo uccaenoBanue 13 mynoB (mo 10 mTyk) KOMapos,
JOCTaBJICHHBIX U3 2 paiioHOB (8 mMyn0B KOMapoB pona
Aedes n 5 nynoB komMapoB pona Anopheles), ¢ 1eNbIO
BBISIBIIEHHUS aHTUTeHa K BUpycy KO.

C 2011 mo 2022 r. eXeromHo MpoBOIWUIUCH HC-
CIICIOBaHUSI MPOO KPOBU 3[0POBBIX B3POCIHBIX JIHUII
Ha Hajguyue aHTuTes K Bupycy KO (ot 93-95 npob B
2011 u 2018 rr. mo 306-316 mpo6 B 2012-2013 rr).
HccnenoBanue nmpoBOIWIIOCH MPH AOOPOBOJIBHOM HH-
(hopMHPOBaHHOM corTacuu nanueHToB. [Iporokon mc-
CIJICZIOBaHUS 0JJO0OpEH DTHYECKUM KOMUTETOM NpH Mu-
HUCTEpCTBE 3apaBooxpaHeHus Pecmybmuku Kapenus
n Ilerpo3aBoicKOM TrOCYyAapCTBEHHOM YHHUBEPCHUTETE
(mpotokon Ne 48 ot 10.03.2023).

Ot6op ¥ jgocraBka mpoO OCYHICCTBIISLUINCH Me-
JULIMHCKUMH OpraHM3alds MM Ha OCHOBAaHHMHU IIIaHA
VYnpaenenust Pocnorpebnanzopa mo PK. B kaxmgom
aJIMUHHCTPAaTHBHOM 00pa30BaHUU MPOOBI OTOMpPAIH B
TedyeHue 2—6 nert, y xureneil [lerpozaBoncka — exe-
roaHo (3a uckiouenueM 2016 r.). O6miee uncio npod
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OPUTVHANbHbBIE NCCJTIEAOBAHNA

y xureneit IlerposaBoacka — 807, B ocTanbHbIx 17 aj-
MUHHCTPaTHBHBIX 0Opa3oBaHusiax — 40—172.

UccnenoBanust merogom TBepaodaznoro HOA
npoBonwin B jaboparopuu ®BY3 «lleHTp TUTHEHBI
u snunemuonoruu B PK» ¢ ucnosnbp3oBanneM HabopoB
pearentoB «BexktoBK3-IgG» («Bekrop-bect»), npen-
Ha3HAUEHHBIX JUIS BBIABICHHA W KOJIWYECTBEHHOIO
ompeznenenuss uMmmyHornoOynuHoB kiacca G (IgG) k
Bupycy K3. B naHHOM mccienoBaHud UMMYHOITIOOY-
JIMHBI TOJIBKO BBISBIISIM, 0€3 KOJNMYECTBEHHOTO OIpe-
JeNIeHNs1 UX coliepkanus B mpobax (B 2012 . y 53 ue-
JIOBEK YKa3aHbI KOJIMYECTBEHHBIE MTOKA3aTeIN).

PeTpocnekTHBHO TNpoaHaIM3UPOBAHBI  PE3Yib-
TaThl ucciaenoBanuii 2379 mpo0 CHIBOPOTOK KPOBH.
C 1enplo CHIKEHUS BIUSHUS Ha pe3yabTaT Cly4yailHbIX
(dakTopoB (3apakeHHe 3a MpenenaMd MecTa MPOXKHU-
BaHMsI) aJMUHHUCTpaTHBHbIE 00pa3oBaHUsl ObUIM O0B-
€IMHEHBl B 2 TPyNIbl: PYyNNa 3HAEMUYHBIX PaiiOHOB
(11 paiionos u IlerpozaBoack — 2056 mpo6) u rpymnna
HE’HJIEMUYHBIX paiioHOB (4 paiiona u Kocromykia —
323 mpo0sr).

Cmamucmuueckas obpabomka

Craructudeckas o0paboTKa MoNyYeHHBIX PE3Yiib-
TaToOB NPOBEACHA C MPUMEHEHUEM MaKeTa MporpaMM
«Microsoft Office Excel 2010». [Toka3arenu oOpaiae-
MOCTH M 3a00JIeBAEMOCTH PAcCUMTHIBAIN HAa OCHOBa-
HUU JaHHBIX rocyaapcTBeHHoW crtaructuku no PK o
YHUCJICHHOCTH HacelieHus*. YK1cio Jull, moaBepriInuxcs
PUCKY MH(QULIUPOBAHUS B pe3yJbTare MPHUCACHIBAHHUS
kiemnieit (X), onpenensiu no popmyse:

X=cymma (4 x B) /100,

rae A — 4HCio JHl, OOpaTHUBILMXCS 32 IMOMOILBIO B
CBSI3M C IIPUCACBIBAHUEM KIIELIEH; B — moKasareib 3a-
PaXEHHOCTH KJIeIieH, yanéHHbIX ¢ aroneit (%).

C nenpio MOATBEPXKICHHUS CTaTUCTHUYECKOM J0-
CTOBEPHOCTH IIOKa3aTelied MPUMEHSIIN METOA pacuéra
CTaHJApPTHOW OMIMOKH () C YPOBHEM JOBEPUTEIBHOM
BepositHOCTH 95% 1 BhIIE (p < 0,05).

Pe3ynbraTbl 1 06CyXaeHNe

3apaxéHHocme Kneuwjel supycom K3

B 19922001 rr. eXXerogHo MCCIIEA0BAIM OKOJIO
1 TeIC. KIIemieli, B 2002-2022 rr. — oT 2 10 5 THIC.
(82003 . — 50 071 sx3emmuisip). Beero 3a mocnennue
20 net uccnenoBano 73,3% xiemied, ymani€HHBIX C
JIFOJICH, OOpaTUBIIUXCS B MEIULMHCKHE YUpEeKIIe-
Hus, B ToM uncie B 2017-2022 rr. — 91,3%. 3apa-
JKEHHOCTh KIJICLIEH, yJaNE€HHBIX C JIOAEH, BUPYCOM
K3 B 1992-2001 rr. BapbupoBaia ot 2,2% (1998 1)
1o 14,3% (2001 1.). B 2002—2005 rr. noka3areyiu Bu-
pycodopHocTu Beipociu a0 23,6-32,0%, mocie yero

2 Kapenuscrar. UACIEHHOCTB U COCTAB HACEIICHHUS.
URL: https://krl.gks.ru/Nas

IIOCTOSIHHO CHIDKaIUCh: ¢ 9,9% B 2006 . 1o 1,0% B
2022 rr. (puc. 1). CHHXeHHE TIOKa3aTeneld YaCTHIHO
MOXHO 00BICHUTB BHeApeHueM metoza [11[P, oonana-
foiero 0onee BHICOKOH YyBCTBUTEIHHOCTHIO U CIIEL-
npUIHOCTHIO o cpaBHeHMIO ¢ DA [23, 24]. Ognako
TO, YTO CHIDKeHME Hadaiaoch B 2006-2010 rr., xorma
MDA ocraBajics OCHOBHBIM METOJIOM HCCJIEJOBAHUS,
W MIPOAOJIKUIIOCH B TOJBI, KOT/Ia MOAaBsomiee 00b-
HUIMHCTBO MCCIIEA0BAHUN MPOBOJUIOCH C HCIIOIb30Ba-
HUEM OFHOTO M TOro ke Habopa peareHToB A I1LIP,
CBHJICTEILCTBYET 00 OOBEKTUBHOM XapaKTepe 3TOTO
apneHus. Yactora oonapyxenuss PHK Bupyca B xie-
max, coopannsix B npupoze (2,2 £ 0,3%), u knemiax,
yaanéuueix ¢ monei (2,0 £ 0,1%), B oTnenbHbIE TOABI
paznuyanach, HO B cpegHeM 3a 2011-2022 rr. pasnu-
Y€ 0Ka3aJ10Ch HEJOCTOBEPHBIM.

B 2004 r. Ha ¢poHe nuKa BUPYCcOGOPHOCTH KIile-
uieid antured Bupyca KO Obun BbisiBiieH B 3 u3 8 my-
JIOB KOMapoB Aedes v Bo Bcex 5 mynax Anopheles, no-
CTaBJICHHBIX U3 9HJEMHYHOTO U HanboJee I0KHOTO U3
HEdHJIEMUYHBbIX palioHOB. HecMoTps Ha TO 4TO IpoO-
M3BOJUTENb TECT-cUCTeM ykKasbiBaeT ux 100% cme-
UU(PUIHOCTH, YCTaHOBIeHO, uTo DA xiemeit ¢ uc-
nonp3oBaHueM Habopa «BekroBKJ-anTuren» mMoxer
JlaBaTh MEpPEKPECTHBIE pPEaKIMU C BHpPycaMH Cepo-
koMIutekca K3 u gpyrumu mukpoopranusmamu, oOu-
TaOIIMMH B MKCOAOBBIX Kiemiax. bosjee toro, nox-
HOTIOJIOXKUTENIbHBIE PeaklUy ¢ BUPYCaMU KOMILIEKca
KD moxer masate u I1LP [23, 24]. 910 cTraBuT mox
COMHEHHE JOCTOBEPHOCTH MOJYUYEHHBIX PE3yIbTaTOB.
BwMmecre ¢ TeM cooliieHre 0 HEOTHOKPAaTHOM BhIJelIe-
HUM WTamMMoB Bupyca KO ot xomapoB Aedes vexans
B XabapoBCKOM Kpae, Y KOTOPHIX YCTaHOBJICHO CXO[I-
CTBO CTPYKTYp T€HOMOB C Bupycamu KO, BbIieIeHHBI-
MU U3 Kiemen I. persulcatus ¥ U3 Mo3ra MOTHOMIMX
JIIOfIEH, MPOSBIAIOIINX MATOT€HHOCTb NPHU MAcCUpOo-
BaHWU Ha JTaGOPAaTOPHBIX MBIIIAX M LUTOMATUYECKOE
nelictBue in vitro [25], maér ocHOBaHUE 3aqyMaTh-
Ci O BO3MOXKHOCTH Y4YacTHSl KOMapoB B LUPKYJISAILIUU
BUpyca. J[pyrux HCCleIOBaHMM, MOATBEPKIAOIINX
WM ONPOBEPTaIOIIUX BO3MOXXHOCTb COXPAaHEHHS H
penponykiuu Bupyca KO B komapax, HOZOOHBIX TEM,
KOTOpbI€ NMPOBOAMINCH B OTHOLIEHUU Pa3HbIX BUIOB
kiemei [26], Haittu He yganock. OTCyTCTBUE dTHUAC-
MHUOJIOTHUECKUX HaOmoieHuii o 3apaxenun KD mpu
yKycaxX KOMapoB HE MCKJIIOYaeT TaKyl0 BO3MOXHOCTbD,
T.K., BO-IIEPBBIX, JIOJU MOTYT OJHOBPEMEHHO IOJ-
BEpraThbCsl HaNaJACHUI0 MHQHUIMPOBAHHBIX KIEHIeH U
KOMapoB, BO-BTOPBIX, KOJIMYECTBO BUPyCa B KOMapax
MOXET OBIThb HEIOCTaTOYHO IJIsl Pa3BUTHS KIUHHYE-
CKH BBIp@KEHHOTO 3a0oieBaHus. B To ke Bpems mis
BO30yAHTENEH MPUPOAHO-0UATOBBIX 3a00JIEBaHHM 1O~
JIMBEKTOPHOCTD HBOJIIOLIMOHHO OIPaB/iaHa U Ha Ceroj-
HS JOKa3aHO y4yacTHe Pa3iIMYHbIX BHIOB YJIEHHCTO-
HOTUX B INEpeHoce Bo30yaureneil psua Ooje3Hed Ha
Pa3HBIX TEPPUTOPHUSIX.
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s ByipycodopHOCTb Knellen, yaanéHHblX ¢ niogen
Virus infection of ticks removed from humans

<9+ Yycno nuu, obpaTuBLUMXCS B CBSI3W C NpucacbiBaHneM knewen, B PK
Number of persons affected by ticks in the Republic of Karelia

e=fll=—U11cro nuL, 0O6paTUBLLNXCS B CBSI3U C NpucacbiBaHNEM knewen, B [eTposaBoacke
Number of persons affected by ticks in Petrozavodsk

PacuyéTtHoe uncno nuuy, noctpagaBLUnX OT MHAULMPOBAHHbLIX Krewen
Estimated number of persons affected by infected ticks

Puc. 1. Yncno obpalleHunit 3a MeQMUMHCKOM NOMOLLIbIO B CBSI3W C NpuUcacbiBaHMEM UKCOAOBbLIX kreLlen B MeTpo3aBoacke
n PK, 3apaxxeHHOCTb KrneLlen, yaanéHHbix ¢ nogen, Bupycom KO n pac4éTHoe YnCro nuy, K KOTOPbIM MPOU30LLSIO
npucacbiBaHne MHOUUMPOBaHHbIX Knewen, B 1992—-2022 rr.

Fig. 1. Number of cases seeking medical help in connection with the bites of ixodid ticks in Petrozavodsk
and the Republic of Karelia, the number of ticks infected with tick-borne encephalitis virus removed from people,
and the estimated number of people who were bitten by infected ticks in 1992-2022.

Obpawaemocmsb no nos8ody NpucacviBaHus kneweu

UYucno obpameHnii HacelneHus 3a MEIUIMHCKON
IIOMOLIBIO B CBSI3U C IIPUCACBIBAHUEM Kielnel B L. Ile-
Tpo3aBozcke B nepuog ¢ 1992 no 2001 1. xonebanock
ot 500 mo 2005 wenoBek. B MemunuHckue opranusa-
uu PK ¢ 2002 no 2022 . obparwiuck 81 809 uerno-
BeK. Pe3kuii poct uncna obpamenuii 3apukcupoBaH B
20032004 rr. (6618 1 5707 cnyuaeB). B aTu e ronsl
HaOmoancs U pocT YHMCICHHOCTH KIIEHICH TpH cTa-
uoHapHbeIX HaOmoneHusx [20]. B ganeHeiiem oopa-
[IAEMOCTh UMeJIa TEHACHIINIO K CHIDKEHUIO U B 2022 1.
JIOCTUINIa MUHUMAJNbHOIO YypoBHS — 2781 dyenoBek
(puc. 1). B mepuon ¢ 2002 mo 2022 r. na [lerpo3zaBoack
npunuiock 40,2% (ot 33,6 10 52,5% B pa3HbIe roabl) OT
4KciIa BceX oOpallleHuid B MEJUIMHCKUE OpraHu3aluu
PK. Koaddunuent nuneitnoit xoppensuuu (R) nuHa-
MUKH oOpamraemoctu B IlerposaBozacke u PK coctaBuin
0,91. Mcnonb3ys ero, Mbl paccuuTald YUCIIO OOpaTuB-
mmxcs B nenom mo PK ¢ 1992 mo 2001 1. (uHa puc. 1
MOKa3aHO IIYHKTHPOM).

YCTaHOBIICHO, YTO HEKOTOpas 4acTh OOpalleHUi
PETUCTPUPOBATIACH ABAXKIBL: IIPH OOPAIICHUU JJIs yaa-
JICHHsI KJICIa U JIJIS BBEJCHHS UMMYHOIIIOOYJIMHA I10
pe3yibTaraM ero uccienoBanus. B To jxke Bpems 4acTh
MIOCTPAJABIINX, OCOOCHHO MPOXKUBAIOIIUX B CEIbCKON
MECTHOCTH, MOIVIa HEe 00pallnarbCsi 32 MEIUIUHCKON
MOMOIIBI0. YCTaHOBUTH PEaIbHOE YHCIIO JIHIL, IIOABEPT-
LIMXCS HAMaJICHUIO KIICIICH, 32 BCE TO/bl HAOIIONEHUS
HE TPEJICTABISETCS BO3MOXKHBIM, HO MOXHO MPEAIo-
JaraTh, 4TO OHO OJIU3KO K PETUCTPUPYEMBIM IOKa3are-
nsM. Yucno nuil, NOABEPrIIUXCcs pUCKy HH(pHUIMPOBa-
HUs B PE3yJbTaTe NPUCACHIBAHUS 3aPaXKEHHBIX KIICIIEH
B PK B 1992-2022 rr., paccunutanHoe 1o popmyie, yka-
3aHHOM B paszeiie «Marepualibl U METOABI», COCTaBUIIO
10 490 genogek (B ToM uncne B 1992-2001 rr. — 2780
yenoBek, B 2002—2022 rr. — 7710 uenosex) — 1,7% ot
yucnenHoctu Hacenenus PK B 2022 r.

Oxono 90% obpaiieHnii perucTpupoBaInuch B
paiioHax, pacmoioKeHHbIX B IoxkHOW wactu PK, rme
ObUIH HauOOoJIee BHICOKHE TOKa3aTein 00paIiaeMoCTH



KYPHAJ1 MUKPOBUOJIOTUN, SMTMAEMNONOTUU N UMMYHOBUOJOI M. 2023; 100(6) 477

DOI: https://doi.org/10.36233/0372-9311-401

OPUTVHANbHbBIE NCCJTIEAOBAHNA

Ha 100 TeIC. Haceneuusa. Bo Bcex 5 HedHIEMUUYHEIX Ce-
BepHBIX paiioHax ¢ 1990-X IT. HayaIu perucTpupoBaTh-
csl OTIIeNIbHBIE ClTyyan oOpalleHni, a B OCIeIHIE JBa
JECSITUICTHSI UX KONMYEeCTBO 3HAYUTEIBHO BBIpOCio. B
2004-2022 rr. cyMMapHO B HUX 3aperucTpupoBaHo 615
obpamienuii (0,9% ot Bcex obpamenuii no PK). Orcyt-
cTBHE MH(OPMALIUK O TEPPUTOPHSX, HA KOTOPBIX MPO-
WCXOMWIJIO MIPUCACHIBAHUE KIICIICH, He MO3BOJISIET MPO-
aHaJIM3UPOBaTh BOBJIECUEHHOCTh HEIHJIEMUYHBIX pano-
HOB, O/IHAKO CTOJIb 3HAYMTEIBHOE YHCIO OOpamieHui
naéT OCHOBAaHHWE MpENIonaraTb, YTo Ha TEPPUTOPHSIX,
CUUTABIIMXCS CBOOOTHBIMH OT KJELICH, B HACTOsILIEE
BpeMs Cilydyal IPHUCACBIBAHHUA MPOHMCXOIST HEPEIKO.
3TO CTaBUT MOJ] COMHEHUE paHee CACTaHHBIA BBIBOX O
TOM, YTO HAaXOJIKM KJIeIlel ceBEepHee TpaHUIIbI €T0 pac-
npoctpanenus B PK oTHocsTCS K Kareropuu cirydaid-
HBIX 3aHOCOB [17].

W3 o6mero uncna oOpaTUBILUXCS B MEJUIUHCKUE
opranuzanuu ¢ 2002 mo 2022 1. B3pOCIbIE COCTABH-
mu B PK 68,2%, B Ilerpo3aBoacke — 80,0%. Ananuz
BO3PAaCTHOH CTPYKTYPBI B3pPOCIBIX, OOpaTUBLIMXCS B
2001-2003, 2009-2010 u 2017-2019 rr. B MEeaUIUH-
CKHE OpraHM3aldH ropoja, IoKa3ajl, 4To Hauboiee
BBICOKO# (B cpeaneM 52,8%) Bo Bce 3 mepuopa Obuia
Jons i B Bo3pacte 50 et u crapiie, a Haubosee Hu3-
koit — B rpymnme 20-29 ner (13,4%). Ilpu nepecuére
Ha YMCJICHHOCTb HACEJICHHs] KAyKJI0M BO3pACTHOM IpyIl-
MBI 3TO COOTHOIIEHHE COXPAHUIOCH, KPOME TPYIIIBI
20-29 mer B 2009-2010 rT., 9TO MOXET OOBSACHSTH-
csl HEIOCTAaTOYHBIM YHCIOM HaOmropeHuit (tadm. 1).
lennepHas cTpykTypa OOpallaBUIMXCS B3pOCIBIX B
2017-2019 rr. B Ilerpo3aBoacke ObLIa MPaKTHYECKU
MOCTOSIHHA M B CpEIHEM COCTaBHJA: MYXYHHBI —
55,6 £ 1,5%, xxenmuuel — 44,36 + 1,5%, uTo corna-
CyeTcs ¢ pe3ybTaTaMM 3MHEMHOJIOTHYECKOTO paccie-
JOBaHHSA, CBUICTENBCTBYIOIIMMHU O TOM, YTO Hanbosee
4acThIM MecTOM 3apaxkenus KD sBnsiorcs mauu, rie
€ro pUCK OJMHAKOB JUIA MYXK4YMH W xeHmuH. C mpo-

(heccuoHaNbHOM ACSITEILHOCTHIO B IPUPOIHBIX OYarax
unpekuuu ¢ 2010 1. ceszano aumsk 3,8 + 1,1%.

CoxkpailleHue 4acTOThI 00pallleHUil HAaCeJICHUs 3a
MEJIMIIMHCKON ITOMOIIBIO TI0 TOBOJY NPHUCACHIBAHUS
KJICIIeH MOXET OBbITh CICJICTBUEM CHUKCHUS YUCIICH-
HOCTH TOMYJISIIUA TMOCICIHUX HAa TEPPUTOPUAX, TIC
HauboJIee YacTO Peau3yeTCs MX KOHTAKT C JIHOIbMH,
CHW)KCHUSI HACTOPOXKCHHOCTH HACEJICHUS WK JIOCTYII-
HOCTH MEAMIIMHCKOW moMolnu. [locnennuii daktop
MOT Urparh OINPEISIEHHYIO POJb B MEPHO HaHIEMUU
COVID-19, a B ocTtanpHbIE TOABI B CEJILCKOM MECTHO-
CTH, HO HE B paiiOHHBIX IeHTpax u [leTpo3aBoicke.
Bpsx 11 MOXXHO TOBOPUTH U O CEPbE3HOM CHUXKEHUHU
HACTOPOXKEHHOCTU HACEJICHHUS, T.K. BBICOKas (OKOJIO
30%) 3apax€HHOCTH KIIEIIel BO30ymuTeneM OOJIC3HH
Jlaiima TpeOyeT oOpamieHusi 3a MEAWIMHCKOH MOMO-
IIbIO JIJIsS OpraHu3alyu €€ aHTUOMOTHKOIPO(PHUIAKTH-
K, B cBsi3u ¢ ueM B PK mpoBonuTcst aktuBHas uHGOp-
MalMoHHasi pabora. bojee BeposTHO mpenrosararh,
YTO CTAOMJILHOE CHIKCHHE OOpAaIlaeMOCTH OTPaKaeT
MPOIECC CHIKCHUS YMCICHHOCTHU KIICIICH.

3abonesaemocms K3

Bcero B 19922022 rr. B PK 3apeructpupoBano
1248 cnyuaeB KO. MHoroneTHsisi AMHAMKKA 3a0051eBa-
eMocTH 3a 31-IeTHui nepuos HaOMoACH!Us, HECMOTPSA
Ha OUKJINYEeCKHe KojieOaHHs ToKa3areie, XxapakTepu-
30BajlaCh X POCTOM C KOHIIA IPOIILIOTO BeKa, 0COOeH-
HO BIpaxxeHHBIM B 2003 1. (15,3 Ha 100 THIC.), c 2004 1.
CMEHHUBIINMCS cHMKeHHeM, a ¢ 2011 . 7o HacTosIIIe-
TO BpeMEHU — HEKOTOPO#l cTabmin3anueld Ha ypoBHE
3,8-5,6 na 100 thIC. (B 2012,2021 1 2022 1. — 1,5-2,7
Ha 100 TbIC.). YpOBEHBb 3200J1€Ba€MOCTH B XX B. OBLIT
030k Kk cpennedenepaibHoMy, HO ¢ Hadana XXI B.
cutyauusi B PK oxazanacr Oonee HeOIaromomydHoH,
W JHIIb B TOCIEAHUE TOABI MOKa3aTeld BHOBH CTa-
JIM TPUONMKATBCS K CPEIHUM 1O cTpaHe (puc. 2).
IMuk 3a6oneBaemoctu B 2003-2004 rr. (15,3—-11,6 Ha

Ta6nuua 1. Bo3pacTHas cTpykTypa obpallaBLuMXcsi 38 MeQULMHCKON MOMOLLbIO B CBSA3W C NpUcacbiBaHNEM UKCOA0BbIX
knewen B MeTtposasoacke B 2001-2003, 2009-2010 n 2017-2019 rr.

Table 1. Age structure of those who seek medical help in connection with the bite of ixodid ticks in Petrozavodsk

in 2001-2003, 2009—-2010 and 2017-2019

Mepvop Mokasatenb Boapacr, ner | Age, years Bcero
Period Indicator 20-29 30-39 40-49 > 50 Total
2001-2003 abc. | abs. 608 686 861 1925 4080
% 14,9 16,8 21,1 47,2 100,0

% 000 1259,8 + 50,8 1594,7 £ 60,4 1827,6 £ 61,7 2530,5 + 56,9 1902,5 + 29,4
2009-2010 abc. | abs. 253 251 245 899 1648
% 15,4 15,2 14,9 54,6 100,0

% 000 539,0 + 33,8 571,8 + 36,0 576,2 + 36,7 1018,1 £+ 33,8 743,5+ 18,2
2017-2019 abe. | abs. 234 379 336 1489 2438
% 9,6 15,6 13,8 61,1 100,0

o/ 592,0 + 38,6 760,7 + 38,9 909,4 + 49,4 1632,0 £41,9 1120,7 £ 22,6

0000
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Puc. 2. 3abonesaemoctb KO HaceneHusa Poccum n PK B 1960—2022 rr. (Ha 100 TbiC. HaceneHus).

Fig. 2. The incidence of tick-borne encephalitis in the population of the Russian Federation and the Republic of Karelia
in 1960-2022 (per 100 thousand population).

100 ThIC.) COOTBETCTBOBAJ MaKCUMAIbHBIM YPOBHSM
oOpataemoctu ¥ BUpycoopHocTu kiemieit. B 2002—
2022 rr. nuHamuka 3abosieBaemocti KO uMena xoppe-
JISIIMIO BBICOKOHM CTETIEHH C IMHAMUKON 00paaeMocTi
HaceJeHus, mocTpaaasiero ot kiemen (R = 0,92), u
¢ ux 3apaxéHHocThio Bupycom K3 (R = 0,79). Ycroii-
4yMBasi TEHACHUMs CHIDKEHUs 3a00JIeBa€MOCTH, BHPY-
coOpHOCTHU KJICUIeH U 00palaeMOCTH HACEICHHS 110
MOBO/LY NpHCAChIBaHMsI KJIEIIEN Tal0T OCHOBAHKE TOBO-
PHUTH O CHUKEHHH HHTEHCUBHOCTH SMHU300THYECKOTO H,
Kak ciencTBue, anuaeMuyeckoro npouecca KO B PK.
Jlo KaKoro ypoBHsI M KaK J0JT0 MOXET MPOJ0KATHCS
CHIDKEHHUE, CKa3aTh TPYIHO, MOCKOJIBKY NPUYHHBI €ro,
KaK 1 pe3Koro noabéma paHee, 10 KOHIA HE SICHBI.
CpenHeMHOrOJIETHUE MOKa3arelan 3aboJeBae-
MOCTH B 3HJIEMHYHBIX paiioHax B 1997-2021 rr. ko-
nebamuce ot 0,4 mo 13,2 ma 100 teic. HanGonee BEI-
COKHE TOKa3areiu ObUIM B pailoHaX LEHTPalbHOH M
BOCTOYHOM uactu 1ora PK, rie eanHCTBEHHBIM WU
JOMUHUPYIOIIUM BHJIOM MKCOAOBBIX KIICLICH SBISICT-
cs1 1. persulcatus. B 10 %e Bpems Ha oro-zamajue —
30He npeobnananus /. ricinus WM cUMIATPUU 000X
BUJOB — 3a00JIeBa€MOCTb Obljla 3HAYMTEIHLHO HUXKE,
a B OAHOM U3 pailoOHOB, TIJ€ HAXOAWIH TOJBKO
L ricinus, cny4yau 3aboneBaHus BooOIIe HE PETUCTPH-
poBanuck. B 2003 r. B HeaHnemMuuHoMm Kemckom paii-
OHe ObLI BBISBJICH ClTydail 3apaxeHus (3aperucTpupo-
BaH B IPYI'OM paiioHe), B ABYX APYTUX HEIHIEMHYHBIX
paitonax B 2009 u 2014 rr. perucTpupoBaiIuch CiIy-

yau KD, ogHaKo, 10 JAaHHBIM 3ITHAEMHAOJIOTHYECKOIO
paccienoBaHus, 3apakeHUe MPOUCXOANIO BHE MECTa
MPOXKUBAHUSL.

UYucno 3apeructpupoBaHHbix ciydaeB KO B PK
B 1992-2022 rr. okazanoch B 8,4 pa3za HUXKE pacuér-
HOTO YHMCJIA JIUL, TOJABEPTABIINXCS PUCKY 3apaKCHUS B
9TH TOoAbl. [IpHYMH TaKOTO PACXOKICHHUS MOXKET OBITh
HECKOJIBKO: JIOKHOTIOJNIOKUTEIbHBIE PEe3yNbTaThl HpU
BBISIBIICHUN aHTUTeHa BUpyca B kiemniax [23, 24], co-
JepyKaHUe y YacTH MPUCOCABIINXCS KIelleil Bupyca B
KOJIMYECTBE, HEAOCTATOYHOM JJIsl TOTO, YTOOBI BBI3BATH
KIMHUYECKH BBIpaXkeHHYI0 (opmy 3aboneBanus [14,
27], rumomuarHocTHKa 3a0oJieBaHUs, BBICOKHH Ypo-
BEHb KOJUIEKTUBHOTO WMMYHHTETa U 3(PQPEKTUBHOCTH
9KCTPEHHOW NPOQPHUIAKTUKH.

Haubonee wactoit gopmoit KO B PK Obuta me-
HUHTealbHasi, 0l KOTopoil BapeupoBaina ot 21,5% B
2005 . 10 61,1-66,7% B 1998 1 2022 rT", B CpEeIHEM CO-
ctaBuB 43,7% oT Bcex ciy4aeB 3a0oseBanus (puc. 3).
YacTtoTa IMXOpafouHbIX U CTEPTHIX (HOPM BapbUPOBa-
na B npeaenax 25,0-24,0% (1998, 2015 rr.) — 54,9%
(2004 ) — 90,9% (2021 r.), B cpeauem — 37,0%, a
ouaroBbix — 9,7% (ot 3,0-4,4% B 2001 u 2019 rr. 10O
23,5% B 2012 r.). HeoObrunbiMu oka3amuch 2021 r.
(mnar"octupoBaHsl TosbKO 10 MMxopanodHbIX U 1 ova-
rosasi popma) u 2022 1. (Bcero 9 ciaydyacB U HA OJHOMN
04aroBod (OpMBI), YTO, CKOPEE BCEro, OOBSICHICTCS
runoauarsoctukor Ha ¢one mangemuu COVID-19.
Knunnueckas crpykrypa KO Heckonbko oTindanach



KYPHAJ1 MUKPOBUOJIOTUN, SMTMAEMNONOTUU N UMMYHOBUOJOI M. 2023; 100(6)

DOI: https://doi.org/10.36233/0372-9311-401

479

OPUTVHANbHbBIE NCCJTIEAOBAHNA

%

100 + - -
] U H ] i l I ] ]
9 {1 U I ] I
80 - I I
7 4
0 5 I I
60 -
50 -
40 +
30 +
20 A
10 A
0 4
[ce] [e2] o ~— N ™ < w0 © N~ [ce] [e2] o ~
(2] D o o o o o o o o o o - -
() [e2) o o o o o o o o o o o o
~ ~— N N N N N N N N N N N N
PK | Republic of Karelia

m/IvxopapouHas u cteptas popmsbl | Fever and atipical forms

OOuarosble dopmsbl | Focal forms

2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2019
2020
2021
2022

Poccus | Russia

B MeHuHreanbHas cdopma | Meningeal form

O®dopma He usBecTHa | Forms are not known
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Fig. 3. Structure of clinical forms of tick-borne encephalitis in the Republic of Karelia in 1998-2022
and in Russia in 2019-2022 (%).

OT CpelHUX IOoKa3arenel 1no crpase, riae B 2019-2022
IT. Ipeolnagany Iuxopagounsie popmer [2, 11, 12, 28]
(puc. 3), 4TO BBI3BIBAET BOMPOCHI, YUUTHIBAS LIUPKYIISi-
uuto B PK Haubonee pacnpocTpanéHHOro B cTpaHe cH-
OupcKoro BapuaHTa Bupyca. bojee Hu3Kas 4acToTa -
x0panouHbIX popM B PK yacTiuHO 0OBSICHSAETCS UX He-
MIOJIHBIM BBISBJIEHHEM B pailoHax. Tak, B 2014-2017 rr.
JOJIS IUXOpalovYHbIX u cTEPThIX GopMm B [leTpo3zason-

cke coctaBuia 45,2%, a B OCTaNbHBIX aIMUHUCTPATHUB-
HBIX 00pazoBanusix — 25,0%. B 1o xe BpeMsi Helb3s
MOJTHOCTBHIO UCKIIIOYUTH M THIIEPIUArHOCTHKY JINXOpa-
nmouHbIx ¢opm kak B PK, roe B 2010-2022 rr. y 21,7%
OONBHBIX AMArHo3 ObLI MMOCTaBJIEH TOJBKO HAa OCHOBA-
HUM KJIMHUKA B (akTa MpUCachIBaHUS Kiella, Tak U
Ha apyrux teppuropusx npu He 100% Bepuduxannu
JIuarHosa oOHapyXeHueM aHTuTen kinacca [gM, T.x. mo-
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Puc. 4. 3aboneBaemocTb K3 ropoackoro n cenbckoro Hacenenuns PK B 1992-2022 rr. (Ha 100 Tbic.).

Fig. 4. The incidence of tick-borne encephalitis in the urban and rural population of the Republic of Karelia
in 1992—-2022 (per 100 thousand).
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JOOHYIO KIIMHUKY MOTYT AaBaTh U Jpyrue Bo30ymuTe-
7M1, TiepelaBaeMble UKCOIOBBIMH KJICIIIAMHU.

Crpykrypy kimHrueckux popm KO, kak u apyrue
XapakTepucTHKH 3aboineBaemoctH, B PK ompenensiin
npeoOnafaBne cpeu OOJMBHBIX TOpOXKaHe, YTO Xa-
pakTepHo u Juia Apyrux peruonoB Poccun [12]. Ilps-
MOW 3aBHCHUMOCTH MEXAY YBEIMYCHUEM JOJHU Cellb-
CKOTO HacelsieHus cpeau 3abonerimx (1o 31,4-40,6%
B 2003, 2010, 2014-2017 rT.) ¥ COKpaIICHHEM YaCTOTHI
JMXOPaZOUHBIX GOPM, KOTOPYIO MOXKHO OBLIO OBI IIpes-
nojiararb, He BBISIBIEHO. OOBSICHEHHEM 3TOMY MOXET
OBITh TO, YTO Y YaCTH CeNbCKUX xutTesied KO nuarno-
cruposaiics B IlerpozaBoacke. B 1o e Bpems mokasa-
TeJN 3a00J1€BAEMOCTH CENTbCKUX KUTENEH B OTIEIbHBIC
rofel ObIIM BBIIE, YeM ropokad (puc. 4), mpuuém B
COBpEMEHHBIH IIEpHOJ pa3inure 0oJiee BRIPaKeHO, YeM
B 1990-¢ rT., 4TO FOBOPUT O COXPAHEHUH JJISI HUX BBICO-
KOTO pHcKa 3apaxeHusi. Huzkas 3a06oneBaeMoCTh cellb-
ckux xureneit B 2021-2022 rr. MoxeT ObITh 00YCIIOB-
JIeHa CHIDKEHHEM J0CTYITHOCTH MEIULIMHCKOM ITOMOIIN
13-3a MaHACMUH.

Haubonpmyto nmoiro cpenn 3a00NeBIIMX, KaK H
CpeAHM MOCTPaaBIIMX OT HanaaeHus KJelleid, CoCTaBu-
nu una ctapire 50 Jet, 4To XapakTepHo u ais Poccun
B 1esioM [1]. B 310l rpynme ObUTH U camble BBHICOKHE
mokasareid 3abojieBaeMocTd Ha 100 ThIC., XOTS OHHM
JOCTOBEPHO HE OTIIMYAINCh OT MUHUMAIBHBIX MTOKa3a-
tenelt y mun 20-29 net (tada. 2). Kak u B nenom mno
ctpade [1], cpenu OOJNBHBIX TpeoONafand MY>KYHHBI,
HO HMX JOJIsI cHu3unachk ¢ 86,4—-87,5% B 1992-1994 rr.
1o 40,0-69,0% B 2018-2022 rr., X0Td U OCTaBaJIach
0osiee BBICOKOM, YyeM Cpeay OOpallaBIIuXCs 3a MEIU-
OUHCKOW TOMOILBIO 1O MOBOLY MpPUCACHIBAHUS Kile-
mieit (B 2017-2019 . B PK cpenu 60nbpabIX — 69,8%,
B Ilerpo3zaBoacke cpeam oOparuBmMxcss — 55,6%).
[Ipu mepecuére Ha YUCIEHHOCTb MY)KYMH W KEHIIUH
9TO 0Ka3aJloCh PE3YJbTaTOM HE TOJIBKO CHIDKEHHMS 3a-
00JIeBaEMOCTH TIEPBBIX, HO M POCTa 3a00J71€BaEMOCTH
BTOpHIX (pHC. 5). B xauecTBe NpUYUH ITHUX U3MECHEHHIA
MOXHO PaccMarpuBaTh CIEAYIOLINE: yBEJIMYCHUE OX-
BaTa BaKUMHANUKEH Tpynn NpodecCHOHANbHOTO PHCKa,
MOBBIILICHUE 3HAYMMOCTH Takoro (pakropa pucka 3apa-
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Fig. 5. The incidence of tick-borne encephalitis in men
and women in the Republic of Karelia in 1992-1994
and in 2018-2022.

JKEHUS, KaK OTJBIX TOPOXKAH Ha Jade, U yIy4IICHUE -
arHOCTUKH 3a00JIEBaHUS.

Crenuduyeckunii nmmyHornoOynuH B PK Gonee
20 net exeronuo nonyvanu 12,4-44,8% ot uncna Bcex
00paTUBIIMXCS 32 MEIUIIUHCKON TTOMOIIBIO IO TIOBOJY
MPUCACHIBAHUS KJICIIA, B OCHOBHOM IIPH MOJIOKUTEIIh-
HOM pe3ylbTaTe HCCICNOBaHUS KJella WIu NpU He-
BO3MOXXHOCTU TPOBENCHUS HccieaoBanus. ExeromHo
B 3TOT NEPHOJA BaKIUHUPOBAIOCH 3—7 THIC. YEIOBEK
(oxomo 0,5-1,0% wHaceneHus), peBaKIMHUPOBAIOCH
4-9 Teic. Cpeau oOpalaBIIUXCS 110 MTOBOJY MPUCACHI-
BaHUs KJIEIICH B MOCIICIHEE ACCSITUICTHE IPUBUTHI Obl-
T AL 0KoJo 4—5% nereit u 6% B3pOCIBIX, MPUUEM
HE BCErja OHM HMMEIH CBOEBPEMEHHO BEHITIOJHEHHBIC
peBakiuHaiu. TakuMm 00pa3oM, €cClid IpPOBEACHUE
ITOCTKOHTAKTHON MPOQUIAKTHKH MOIJIO OKa3aTh IOJIO-
JKUTEIILHOE BIUSHKUE Ha YPOBEHH 3a00JICBAEMOCTH, TO
HM3Kasi OpOCIIOMKa JIIOAEH, UMEIOIIUX [IOCTBAaKLIMHAb-
HBI UMMYHUTET, CYIIECTBEHHO HA HETO HE BIUsJIA.

Tabnuua 2. Bo3pacTHasi xapakTepuctuka 3abonesaemoctu K3 B3pocnoro HaceneHusi PK 8 2001-2006 n 2017-2022 rr.
Table 2. Age characteristics of the incidence of tick-borne encephalitis in the adult population of the Republic of Karelia

in 2001-2006 and 2017-2022

Mepvioa Mokasatenb Bospacr, ner | Age, years Bcero
Period Indicator 20-29 30-39 40-49 > 50 Total
2001-2006 abc. | abs. 48 56 68 155 327
% 14,7 17,1 20,8 47,4 100,0
% 000 16,0+5,7 21,872 23,8+ 7,1 32,7+64 249+3,4
2017-2022 abc. | abs. 7 27 21 58 113
% 6,2 23,9 18,6 51,3 100,0
0/ 1,817 46+22 39+2/1 42+1,3 3,9+0,9

0000
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B cBsi3u ¢ 3TMM BaykHOE 3HAUCHHE IPUOOPETACT OIICHKA
€CTECTBEHHOTO «IIPOAMUASMUYNBAHUS HACEICHHUSI.

OueHka ceponpesa’syieHmHocmu HacersieHusa

ITpu ceponoruyeckoM uccieaoBanuu 2379 mpod
KpoBH aHTuTena kiacca IgG k Bupycy KO BbIsiBiI€HBI
B 281 (11,8 + 0,7%) cnyuae. KonmnuecTBeHHBIN aHaIN3
IgG y 53 uenosek B 2012 1. mokasain, uro y 25 (47,2%)
yenoBek ux TUTp coctaBuia 1 : 800-1 : 1600, y 12
(22,6%) — 1 : 400 u 16 (30,2%) — 1 : 100-1 : 200.
HenocratouHoe KOMMYECTBO MCCIIEAOBAHUI HE MO3BO-
JISIeT cAenarh yOeqUTENbHBIX YMO3aKIIOUeHUH, OHAKO
oOHapyxeHue y 69,8% 00cieI0BaHHBIX aHTUTEN Ha
YPOBHE BbIIIIE Mopora 3amuTHoro aedcteus (1 : 800
cormacuo CaunlluH 3.3.686-21) nnu obecneunBaroliie-
ro ObicTpyto snuMuHanmio Bupyca 1 : 400 [27], gaér
OCHOBaHHE JJIsl TUIIOTE3bI O TOM, YTO HECOOTBETCTBHUE
peructpupyemMoil 3aboieBaeMOCTH PacyETHOMY IO-
KazaTeJlo0 pUCKa 3apaXCHUsS! B 3HAUNTEILHON CTEeHU
0OyCIIOBJIEHO HAJIMYMEM KOJJICKTUBHOIO HWMMYHHTE-
ta. O0s3aTeNbHBIM yCJIOBUEM Npu cOope mpol ObLIo
orcyTcTBUe 3a0oseBanus KO B aHaMHe3e MM BaKI[H-
HanMy npotuB Hero. [Ipu aHanmze pe3ynabTaToB BBHI-
SICHUJIOCh, YTO B OTIEJIBHBIX CIIydasiX 3TO yCIOBHE HE
co0MI0IaNI0Ch, HO B 11€7I0M HOJTyYEHHBIC TaHHbBIC XapakK-
TEPU3YIOT PE3YJbTaT €CTECTBEHHOTO «IIPO3IHAEMUYC-
BaHUs» HACEJICHHUSL.

Hamm pe3ynbraTsl IpakTHYECKH COBIMAJIH C JaH-
HBIMHU JIpyTHX aBTOPOB, BeIsBUBIIKX IgG k Bupycy KO
B 11,9% nipu ucciienosanuu B 1982—1984 rr. npo06 xpo-
BU 3042 HenmpuBuTHIX xuTenelt 13 paitonos PK meTto-
JIOM peakuuy HempsaMmon reMarrmotuHanuu [21], 13%
ripu uccienosanuu B 2018-2019 rr. 292 npo6 mMeTogom
U®A B npyroii mabopartopuu [22]. [Tpu sTOM nokazare-
T peructpupyemoii 3abonesaemoct B 2011-2022 rr.
OBLIH CYIIECTBEHHO BbIle, 4eM B 1980—1984 rr., — 4,0
u 0,7 sa 100 tBIC. cCOOTBEeTCTBEHHO. 10 MaHHBIM IHUTE-

parypsl, 1gG k Bupycy KO B konuentpauuu 1 : 100 He
Bcernaa ynaéres ooHapyxutb Metonom NDA [29], cre-
JIOBaTeJIbHO, 101l MHQUIUPOBAHHBIX MOTJIA OBITH TaXKe
HECKOJIBKO BBIIIE BBIABICHHON. HecMoTps Ha BEposT-
HBIE Pa3NUuusi UHPOPMATUBHOCTH METOAOB PEaKLUU
HenpsaMoil remarriroTuHauu 1 MDA, B 11€710M MOXKHO
cZlenaTh BBIBOJ] O TOM, YTO YHMCJIO JIUII, TOJIBEPraBIINX-
Csl PUCKY 3apaKeHMsI, 3HAYUTEIBHO BBIIIE YHCIIA BbISB-
JICHHBIX CIy4aeB 3a00JeBaHusI.

Haunbonee Hu3kuii Mmokaszarenb CepoNpeBajeHT-
HOCTH BbIsIBIEH cpeau jull 30-39 mer — 8,5 = 1,1%.
B ocranpHBIX BO3pAacTHBIX IpyNmax MoKa3aTeiau He
MMEeNH JIOCTOBEPHBIX paznuuuil: 50 jetr u crapiie —
13,8 £ 1,2%, 40-49 ner — 11,9 + 1,2%. CaMsblii BEI-
COKHIl mokazaTenpb okazaics B rpymme 20-29 jmetr —
16,9 + 9,5% (3a cuér xureneit [lerpo3aBojicka), HO
M3-32 MAJIOTO YKCJia MCCIEAOBAaHHBIX MPOO pe3ynbrar
B 3TOH IpyIIE HENb3sd CUUTATh JOCTOBEpHBIM. IIpo-
JIOJDKUTEIBHOCTh COXPaHEHHs TYMOPaJIbHOTO MOCTHH-
(EKIMOHHOTO MMMYHHTETa HEH3BECTHA, HO MOYKHO
npeanonararb, 4Yto 6e3 CTUMYIUPOBaHUsS OyCTEpPHBIMU
J103aMH OH, KaK ¥ IOCTBaKIUHAJIBHBIA, MOCTEIEHHO
yracaer, CJIeZIOBaTeIbHO, BBISBICHHBIEC PA3INYMs MOJ-
TBEPAWIIM JTOCTOBEPHO OoJiee BBICOKYIO BEPOSATHOCTH
KOHTaKTa ¢ BO30yIuTeNeM y HOKWIBIX Jitoneit. Yacrora
BBISIBJICHUS] aHTUTEN Y MY>KYWH ObLIa HECKOJIBKO BBIIIIE,
yeM y sxkenmuH: 14,3 £ 1,3 u 10,6 + 0,8%, HO paznuyune
nokasatesiei He ObUIO TOCTOBEPHBIM, YTO TaKXKe COIJIa-
CyeTcs ¢ JaHHBIMHU 3a00J1€Ba€MOCTH U 00paIaeMOCTH.
AntuTena x Bupycy KO BbIABIANIMCH Kak y xKuTenei
SHJEMHUYHBIX TEPPUTOPUH, TaK U TEPPUTOPUM, HE OT-
HOCHMBIX K TakoBbIM (Ta0J1. 3), OJHAKO Y MOCIEAHUX
OHM BCTpedauch B 5,3 paza pexe: 13,3+ 0,7u 2,5 +
0,9 coorBercTBeHHO. B mepBoii rpymme uyactota 00-
HapyxeHus 1gG B Ilerpo3aBoacke cocraBuna 13,3 +
1,2%, B ocTanbHBIX paitoHax — oT 6,2 £ 1,9 mo 28,5%,
B cpeaueM 13,3 + 1,0%. bonee BricOokue mokazaTenu

Tabnuua 3. PesynstaThl UccrnenoBaHusi Npob kKpoBu HaceneHust PK Ha aHTWTena K BUPYCY KNeLeBoro aHuedanura

B 20112022 rr.

Table 3. The results of the serosurvey assessing the prevalence of antibodies to the tick-borne encephalitis virus

in the Republic of Karelia in 2011-2022

OHaeMuyHble TeppuTopuu | Endemic areas HeanpgemunyHble Tepputopumn | Non-endemic areas
nccneaoBaHo 13 HUX BbISIBNEHbI aHTUTENa ncenenoBaHo 13 HUX BbISBNEHbI aHTUTENa
Mpynna npo6 K BMpycy K3 npo6 K Bupycy KO
Group number of tested of which are positive number of tested of which are positive
samples for antibodies to TBEV samples for antibodies to TBEV
abc. | abs. abc. | abs. % abc. | abs. abc. | abs. %
Bce | Total 2056 273 13,3+0,7 323 8 2,5+0,9
My>xumHbl | Men 672 107 159+1,4 99 3 3,017
KeHwmHbl | Women 1384 166 12,0+ 0,9 224 5 22+1,0
20-29 nert | years 148 25 16,89 £ 9,5 0 0 0
30-39 nert | years 542 51 94+1,3 140 5 36+1,6
40-49 nert | years 580 82 141+1,4 112 2 1,8+£1,3
> 50 ner | years 786 117 149+13 71 1 28+19
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BBISBJICHBI B pailoHax, rje MperMyIecTBeHHO o0ciie-
JTIOBAJIUCH JIMIIA MOXKMIIOro Bo3pacTa. Cpean HaceleHus
5 HE’HJEMHUUHBIX TEPPUTOPUI aHTUTENIA HE BBIABICHBI
y xkuTenei 2 paiioHoB (43 u 62 npob), emE B 2 padio-
HaX BBISBJICHO 10 OJHOMY CEpONO3UTHBHOMY U3 90 U
46 o0cIenoBaHHBIX JIMII, Cpenu XxuTener . Koctomyk-
11a aHturena oOHapyxeHsl y 6 u3 80 o0cienoBaHHbIX.
B 1980-rT., OTMEUYEeHHBIE TOBOJIHHO aKTUBHOM MUTPAITH-
eil Ha ceBep PK HaceneHust Ipyrux peruoHOB CTpaHBbI,
4acToTa OOHApY)KEHMsl aHTHTENl Y HaceJleHWs] HedHJe-
MUYHBIX paiioHOB cocTaBmsa 8,1-17,1% [21]. Henw3s
UCKJIIOYUTH BO3MOXKHOCTB 3apaykeHMs 3a IPe/ieiiaMu Me-
CTa NMPOXKMBAHMA U B HAILIEM MCCIIEA0BAHUH, HO B COIO-
CTaBJICHUHU C AaHHBIMHU O 4yHcie oOpalieHnii o OBOAY
MIPYCAChIBaHUs KIIEIIEH MOYKHO Tpearosiaratb U BO3-
MOYKHOCTb 3apa)KCHHsI B HEDHJIEMUYHBIX palioHax. Bos-
pacTHbIC ¥ TeHIepHBIE Pa3IH4Hsl ObLIH XapaKTEePHBI IS
00erX TPyNIl TEPPUTOPHIA, HO B TPYIIIE HEIHAEMUIHBIX
pailoHOB M3-3a HEAOCTATOYHOTO 4YKCia HaOIoneHui
JIOCTOBEPHOCTb IOKa3aTeseii Obuta HU3KoH (Tadi. 3).

PesynpraThl  CEpOJIOTMYECKUX  HCCIIEOBAHHUU
BBISIBWIM 0OJiee aKTUBHBIN SMUACMUYCCKUN MPOLIECC
KD, uem MoxHO ObIIO OBI mpexmnoyaraTh Ha OCHO-
BaHUHM TOJILKO pPETUCTpHUpYeMOil 3a00JeBaeMOCTH.
Bonee Toro, momns cepoOnO3UTHBHBIX Cpean 00cieno-
BaHHBIX OKa3ajach B 6,9 pasa BbIlIe, YeM OIS JIUII,
C KOTOPBIX OBLIM yAajeHbl HHOUIUPOBAHHbBIE KIICIIH,
B 19922022 rr. MoxxHO mpeamnoiararb, 4To B psijie
Clly4aeB BcTpeya C KIEHIOM, 0COOCHHO Ha CTaguH
HUM}BI, OCTAJIACh HE3aMEUEHHOM ero xKepTBoi. DakT
MpHCAachIBAHUM KJIELIa HE BCErna ycTaHaBJIMBAJICA y
3aboneBmmx, B Cankr-IleTepOypre mons Takux ciy-
yaeB B 2006-2017 rr. cocrasuna 20,0-37,1% [30]. B
OTJENbHBIX CIIy4asX 3apakeHHE MOIVIO NMPOUCXOAUTH
IpH YIOTPeOJICHUU CHIPOTO KOPOBBETO MOJIOKA: B Ce-
peanne XX B. BbisiBiIeHa Bbicokas (o 100%) 3akiie-
IeBIEHHOCTh KOpOB B I0KHBIX paifonax PK [31]. Ho
Kk Hagany XXI B. xuBoTHOBOKCTBO B PK, B TOM uncne
B YaCTHBIX XO35ICTBAx, ObLIO MOYTH JTUKBUIUPOBAHO,
M03TOMY aJIMMEHTapHBIN MyTh 3apaxeHuss KO MoxHO
paccMaTpuBaTh Kak YHUKaJIbHOE siBJIEHUE. Pe3ynbTarsl
U3y4eHMs 3nujieMuyeckoro npoiecca K3, B ToM yuc-
JIe €T0 CKPBITOM OT pyTMHHOIO HaA30pa YacTH, CTABSIT
BOIIPOC: a BCE JIM MBI 3HAaEM O IMPKyIsaLuuu Bupyca KO
B mpupoje. 1 3ToT Bompoc TpedyeT JanbHerero ce-
PBE3HOIO U3yUYEHHUS.

BbiBOAbI

B PK BbIfBI€HO yCTOMYMBOE CHHUKEHHME PETHU-
cTpupyemoil 3aboneBaemoctd KD mocne OypHOro
noxbEMa B Havajle Beka, CBsI3aHHOe Ooliee ¢ AeHCTBUEM
OHMONIOTMUECKUX W TPUPOJHBIX, HEXKETH COLUATBHBIX
(axTopoB. XapakTepUCTUKHN SIHIEMHYECKOTO IpOLec-
ca B IIeJIOM COOTBETCTBYIOT HAOIIOAAEMBIM B APYTHX
pEerMoHaxX CTpaHbl, a €r0 COBPEMEHHbIE 0COOCHHOCTH
JOJDKHBI OBITH YYTECHBI NIPH OPTaHU3alMU JUArHOCTH-
KA U npouiakTuky 3adoneBanus. OneHka cepomnpe-
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BaJICHTHOCTH, BBISBHBIIAas Oojee MIMPOKUH KOHTaKT
HACEJICHHsI C BUPYCOM, YeM MOKHO OBUIO OXKHIATh 110
JaHHBIM PETHCTPHUPYEMOil 3a001eBaeMOCTH, MO3BOJIHU-
Ja GoJee MOTHO U3YUUTh SMUAEMHUYECKHUI Mpoliecc.
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Bacteria of genus Filifactor in patients with periodontitis
and type 2 diabetes in accordance with metagenomic
analysis of the periodontal microbiome

Tatyana V. Tsareva, Oleg O. Yanushevich, Viktor N. Tsarev™, Irina P. Balmasova

Moscow State University of Medicine and Dentistry named after A.l. Evdokimov, Moscow, Russia

Abstract

Introduction. Periodontal diseases are a common pathology with chronic periodontitis (CP) being the most
severe form. This polymicrobial disease has become a problem of great importance in recent years due to the
possibility of development of systemic effects associated with this condition. CP is often combined with type 2
diabetes (T2D). The main cause of the occurrence and development of periodontal pathology is played by the
bacteria Filifactor alocis, the least studied and most recently discovered periodontal pathogen.

The objective of this study was to identify bacteria of genus Filifactor as part of the periodontal microbiome
associated with CP and T2D and to clarify the mechanisms of their possible influence on associated metabolic
processes according to comparative metagenomic analysis.

Materials and methods. A metagenomic study of the microbiome of periodontal pocket samples from 28 patients
with CP associated with T2D and 22 patients with CP, as well as the microbiome of dental gingival sulcus samples
from 19 clinically healthy individuals was performed. 16S-sequencing of the ribosomal RNA gene was used
to determine the taxonomic composition of the microbiome. Prediction of metabolic pathways involving the
microbiome was performed with the help of the shotgun method.

Results. Filifactor bacteria were the one of the most frequent microorganisms only in patients with CP associated
with T2D. The rate of identification of these bacteria was correlated with low predicted metagenomic levels of
fatty acid biosynthesis and pyrimidine metabolism in the affected area.

Conclusion. The detection frequency of Filifactor bacteria in patients associated with CP and T2D is negatively
correlated with the selected features of putative metabolic pathways of the microbiome, which include fatty acid
biosynthesis and pyrimidine metabolism.

Keywords: Filifactor bacteria, subgingival microbiome, metabolism, chronic periodontitis, type 2 diabetes
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baktepun popa Filifactor y 60nbHbIX NapOAOHTNTOM N CaXapHbIM
AnabeTom NO AaHHbLIM MeTareHOMHOro aHannsa MnKkpo6moma
napoAoHTa

LlapeBa T.B., iHywesnu 0.0., Llapes B.H.*, Banmacosa W.I.

MockoBckuni FOC)/napCTBeHHbIVI MefnKO-CTOMaTONOrnyecKum YHUBEPCUTET UMEHN A.N. EBpokumoBa, MockBa, Poccusa

AHHOMauus

BBeneHue. 3aboneBaHnsi napogoHTa — pacnpocTpaHEéHHas naTonorusi, Hanbonee TsHkénon bopmMoi KoTopo
ABMSAETCSH XPOHUYECKMI NapodoHTUT. [Npobnema atoro nonMMuKpobHoro 3aboneBaHns B MocneaHue rogpl npu-
obpena ocoboe 3HadyeHne B CBA3M C BO3MOXHOCTBIO pa3BUTUS aCCOLUMMPOBAHHbBIX C HUM CUCTEMHbBIX 3EKTOB.
[ OBOMbHO YacTO XPOHUYECKMIN NAPOAOHTUT COYETAETCS C caxapHbIM Anabetom 2-ro Tuna (CO2). OcHoBHYO porb
B BO3HMKHOBEHMUN W Pa3BUTMU NATONOrMM NapoaoHTa urpatoT 6akTepum, HaMMeHee U3yYeHHbIM CPeaN KOTOPbIX
SIBNSIETCS1 OTHOCMTENbHO HE4aBHO OTKPbIThIA NapogoHTonatoreH — Filifactor alocis.

Lenblo nccrnenoBaHns sBNSnNoCh BbisiBeHne 6aktepuit poga Filifactor B coctaBe Mukpobuoma napogoHTa npu
accoumaLmmn XpoHnYeckoro napofgoHTuTa u CA2 un yToyHeHne MexaHU3MOB UX BO3MOXHOIO BIIMSAHUSA Ha accoLu-
MpOBaHHbIE MeTabonnyeckne Npouecchbl HA OCHOBAHMU CPABHUTENBHOINO MeTareHOMHOro aHanmaa.

Martepuanbl u metoasl. [lpoBegeHO MeTareHOMHOe uccrneaoBaHue obpasuoB MMKpobromMa napogoHTanbHbIX
KapmMaHOB 28 naumMeHTOB C accoumaumen XpoHM4eckoro napogoHTnta u CO2 n 22 naumeHTOB C XPOHUYECKNM
napoaoHTMUTOM, a Takke Mukpobroma 3ybogecHeBow 60po3abl y 19 KNnnMHUYECKK 300poBbIX Nioaen. Ansa onpeae-
NeHUsi TaKCOHOMUYECKOrO coCTaBa MMKpPOOMOMa Ucnonb3oBanoch 16S-cekBeHNpoBaHue reHa pubocomarnbHow
PHK, npoBoaunock NnporHo3npoBaHe MmeTabonnyeckux nyTen ¢ ydactmem Mmkpobroma metogom apoboBuka.
Pe3ynkraTbl. [lonyyeHHble pe3ynbraTthbl MO3BONMUN YCTAHOBUTb, YTO TOMbKO MpM accoumaumm XpOHUYECKO-
ro napogoHtTMTa u C2 ogHMuK 13 Hambornee 4acTo BCTPEYaLUMXCS MUKPOOpraHMamoB Obinu GakTepun poaa
Filifactor, npoueHT perncTpaummn KOTopbIX KOPPENMPOBAn C HU3KUMW NoKasaTensiMm MeTareHoOMHOro NMpPorHo3mpo-
BaHMSA BMOCKMHTE3A XUPHBIX KUCNOT U MeTabonuama nupuMmnanHa B o4arax nopakeHumsl.

BbiBoa. YacTtoTa BcTpeyaeMocTu GakTepuin poga Filifactor y nauneHToB ¢ accoumnalmeii XpoHM4ecKoro napo-
poHTuTa u CO2 oTpuuartensHO KoppenupyeT C OTAENbHLIMU 0COBEHHOCTAMY NpeanonaraeMbIX MeTabonm4ecknx
nyTen Mmkpobuoma, B YNCNO KOTOPbIX BXOAAT BUOCUMHTES XKMPHBIX KUCNOT U MeTabonmam nupuMmanHa.

KnroueBble cnoBa: 6akmepuu poda Filifactor, cybauHauganbHbIl MUKPObUuOM, Memaboriusm, XpoHU4YecKul na-
podoHmMum, caxapHbiti duabem muna 2

Amuyeckoe ymeepxdeHue. VccnenoBaHne NpoBoAMIIOCh Npy AOGPOBONBHOM MHADOPMUPOBAHHOM COFflacuM naum-
eHToB. [MpoTokon uccnegoBaHns ogobpeH MexXBy30BCKMM KOMUTETOM Mo 3Tuke I Mocksbl (npoTtokon Ne 06-22 ot
16.06.2022).

BnazodapHocms. B paboTe 6bina ncnonb3oBaHa MHPaCTPyKTypa YHUKaNbHOM Hay4YHON ycTaHOBKM « TpaHCcreHGaHK»
(HAW 6ronorum reHa PAH).

UcmouHuk ¢puHaHcuposaHusi. Pykonvcb NOAroToOBrEHa 3a CYET (DUHAHCUPOBaHWS MO MecTy paboTbl aBTopoB ([ocy-
AapcTBeHHoe 3apgaHue Munsgpasa Poccun Ne 056-00035-21-00 ot 17.12.2020).

KoHcpbnukm uHmepecoe. ABTOpbl AEKNapupyloT OTCYTCTBME SIBHbIX WM MOTEHUMAmNbHbIX KOH(MUKTOB MHTEPECOB,
CBA3aHHbIX C Nybnukauvel HacTosiLLeh CcTaTb.

Ana yumupoeaHus: Liapesa T.B., Anywesuny O.0., Llapes B.H., Banmacosa W.M. Baktepuun poaa Filifactor y 6onb-
HbIX MapOAOHTUTOM U CaxapHbIM AMabeToM Mo AaHHBIM MeTareHOMHOro aHanusa MuKpobuoma napopoHTa. XKypHan
Mukpobuonoauu, snudemuonozauu u ummyHobuonoauu. 2023;100(6):485-494.
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Introduction

Periodontal diseases are widespread among the
adult population of our planet. Thus, about 740 million
people in the world suffer from severe periodontitis [1].
The relevance of this problem is even greater due to the
fact that in recent years both pathogenetic and causal
relationship has been established between oral diseas-
es and somatic diseases [2]. The relationship between
periodontitis and such systemic pathologic conditions
as type 2 diabetes (T2D), rheumatoid arthritis, athero-
sclerosis, adverse pregnancy outcomes, etc. is widely
discussed in other studies [3—5]. The persistent associ-
ation of T2D and chronic periodontitis (CP) as the two
diseases with the highest prevalence worldwide is of
particular importance [6, 7].

The International Diabetes Federation predicts
that the incidence of diabetes will steadily increase over
a long period of time and the number of patients will
exceed 500 million people by 2030 [8, 9]. Among pa-
tients with diabetes, about 90% are patients with T2D,
a non-insulin-dependent diabetes caused by a combina-
tion of decreased insulin secretion by pancreatic -cells
and increased cellular resistance to insulin [10]. Ma-
ny researchers show that metabolic changes associated
with diabetes are manifested at the systemic level and
contribute to the damage of many organs and tissues,
including the development of CP [11, 12], although the
mutual influence of these pathological processes is not
excluded either [3, 5].

CP has a polymicrobial nature. It is caused by
a number of microorganisms with properties of peri-
odontal pathogens and characterized by irreversible
course, accompanied by chronic inflammation of peri-
odontal tissues and its destruction along with damage
to the bone structure and tooth supporting apparatus,
which eventually leads to tooth loss. All the main caus-
ative agents of this disease (Porphyromonas gingivalis,
Tannerella forsythia, Aggregatibacter actinomycetem-
comitans, Filifactor alocis, Porphyromonas endodon-
talis, Treponema denticola, Prevotella intermedia, Fu-
sobacterium nucleatum, etc.), the so-called periodontal
pathogens of the I and II order or bacteria of the "red"
and "orange" complexes, as they were originally called
in international literature, are in complex interactions
with each other and with the immune system of the host
organism, which provokes both the development of
local changes in periodontal tissues and the following
consequences of these inflammatory and degenerative
changes on the systemic level [3, 13, 14].

Thanks to the development of biotechnology, there
is enough evidence that the oral microbiome in CP is
the main factor in the development of diabetes [15], al-
though there are still uncertainties in the study of the role
of individual periodontal pathogens in this problem.

Most studies on the relationship between peri-
odontal and systemic diseases have focused primarily
on the role of Porphyromonas gingivalis, which is con-

sidered a key periodontal pathogen [3, 14]. In recent
years, emphasis has been placed on the study of other
red complex periodontal pathogens. In addition to the
red complex bacteria, attention has been called upon
the importance of other culturable bacteria (Prevotel-
la intermedia, Fusobacterium nucleatum, Eykinella
corrodens, Eubacterium nodatum, Wolinella recta) as-
sociated with periodontitis, as well as non-culturable
(under the conditions of a conventional clinical labora-
tory) bacteria — Selenomonas, Sinergistes, Desulfobul-
bus, TM7, Filifactor alocis, identified as new potential
pathogens or orange complex periodontal pathogens [3,
13,16, 17].

One of the representatives of these species, Fili-
factor alocis (F. alocis), is a Gram-positive spore-form-
ing bacillus with obligatory anaerobic respiration,
forming filamentous clusters in the gingival biofilm,
which grows extremely slowly on nutrient media and
has low biochemical activity, which makes its identi-
fication difficult [18, 19]. F. alocis is an asaccharolytic
bacterium that utilizes certain amino acids, especially
arginine, for its growth [20].

The main habitat of F. alocis in the human body
is the gingival sulcus and possibly the intestine, while
a healthy person does not usually contain these bacteria
in the microbiome of their oral cavity (except for smok-
ers), unlike people suffering from periodontal disease
[20]. F. alocis bacteria have unique properties such as
resistance to oxidative stress, the ability to induce sys-
temic bone mass loss, the presence of genes encoding a
well-developed amino acid metabolism pathway, which
allows them to colonize periodontal tissues, to cause
periodontitis phenomena in the stressful environment
of the forming periodontal pocket like other tradition-
al periodontal pathogens [21-23]. These features of
F alocis, in addition to its ability to interact with oth-
er microbial species to form polymicrobial synergistic
relationships, may enhance the invasive properties of
these bacteria [24] and cause chronic inflammation
[25]. F. alocis can penetrate gingival epithelial cells and
induce their secretion of pro-inflammatory cytokines,
which contributes to the manifestations of pathogenici-
ty of this microbe [26].

Taken together, all these observations point to a
specific role of F. alocis in the oral cavity, which may be
important in the pathologic process [27, 28]. Due to the
lack of genetic tools to study this microorganism, for
a long time little was known about its ability to influ-
ence microbial metabolism in biofilm, its mechanisms
of virulence and especially, its role in the induction of
systemic effects [21].

Accordingly, the objective of the present study
was to identify Filifactor bacteria in the periodontal
microbiome with the association of CP and T2D and
to clarify the mechanisms of their possible influence on
the associated metabolic processes based on metage-
nomic analysis.
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Materials and methods

Sixty-nine people aged 40-65 years were under
observation. The main group included 28 patients with
the association of CP and T2D; the comparison group
consisted of 22 patients with CP without concomitant
somatic pathology; the control group included 19 con-
ditionally healthy individuals with intact periodontium,
without clinically expressed manifestations of somatic
pathology, with normal blood sugar and glycated hemo-
globin levels (Fig. 1). The number of women and men
in the comparison groups was nearly equal: 13 (46.5%)
and 15 (53.5%) in the CP + T2D group, 10 (45.4%) and
12 (54.6%) in the CP group, 9 (47.4%) and 10 (2.6%)
in the control group.

Due to the necessity of using pooled samples of
biological material for metagenomic studies, the max-
imum homogeneity of the study groups was a require-
ment; therefore, patients with mild and severe course of
pathological processes were excluded from the study, in
other words, all patients under study had a moderately
severe course of the diseases. Patients did not receive
treatment for CP during the last 6 months. Among pa-
tients with T2D, 11 patients received insulin therapy,
13 patients — oral sugar-lowering drugs, 4 patients —
combined therapy, which was taken into account when
distributing the samples for further pooling.

CP was diagnosed based on clinical and radiologic
findings according to the 2018 classification of periodon-
tal diseases [29]. Inclusion criteria of these patients in the
study were as follows: periodontitis of medium severity
with generalized lesions, the value of loss of gingival at-
tachment CAL 3—4 mm, the depth of probing pockets
4—6 mm, bone loss around teeth not more than 1/3 of
the root length, absence of tooth loss associated with
the disease. To confirm the diagnosis, we analyzed an-
amnesis data, determined the PHR (Patient Hygiene
Performance), OHI-S (Simplified Oral Hygiene Index),
CAL (Clinical Attachment Level), MMI (Miller Mobil-
ity Index), PBI (Papillary Bleeding Index), TL (tooth
loss) and the orthopantomography (OPG) data.

The diagnosis of T2D was established by an en-
docrinologist in accordance with the diagnostic crite-
ria of the World Health Organization 1999/2006/2011
[30], taking into account the clinical, anamnestic and
laboratory data. Inclusion criteria in the study were as
follows: disease duration 3—7 years; moderately com-
pensated disease course; remission stage; blood glucose
level < 7.8 mmol/l, glycated hemoglobin level < 8%.

Conditionally healthy control subjects were in-
cluded in the study only after consultation with a dentist
and endocrinologist.

The material for the study was the content of peri-
odontal pockets from patients with CP and dental gin-
gival sulcus in healthy subjects. The material was tak-
en from 4 sites in the area of the gingival sulcus using
sterile paper endodontic pins (#30), which were placed
in a test tube with 0.2 ml of a sterile physiologic solu-
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Clinical study group formation

— group infected with CP, associated with T2D

(28 people);

— group infected only with CP (22 people);

— group of conditionally healthy individuals (19 people)

Sampling from the periodontal pocket
(CP+T2D, CP) or dental sulcus (control)

16S rRNA gene sequencing

Shotgun sequencing of pooled samples by study group

Bioinformatics analysis of sequencing results with
determination of metabolic and taxonomic profiles of
samples

Fig. 1. Study design.

tion and shaken. The samples were stored at —20°C. The
study was conducted with the informed consent of the
patients. The research protocol was approved by the
Ethics Committee of the Interuniversity Ethics Com-
mittee of Moscow (protocol No. 06-22, June 6, 2022).

Total DNA was extracted from samples using the
QIAamp DNA Investigator Kit (Qiagen), the concen-
tration of genomic DNA was determined on a Qubit 2.0
fluorometer (Invitrogen) according to the manufactur-
er's instructions. Enriched microbial DNA (50-100 ng)
was fragmented using a Covaris S220 system (Cova-
ris). The final fragment size was determined using an
Agilent 2100 Bioanalyzer (Agilent Technologies) ac-
cording to the manufacturer's instructions. The purified
DNA was amplified using standard primers for the 16S
rRNA gene complementary to the V3—V4 region and
containing 5'-illumina adaptor sequences.

Sequencing of libraries and analysis of obtained
data were performed using MiSeq genetic analyzer
(Illumina) and MiSeq Reagent Kit v2 (Pharma).

The microbiome bioinformatics platform QIIME2
(Quantitative Insights into Microbial Ecology) [31]
and the SILVA database [32] were used to perform ta-
xonomic analysis of the results of sequencing of vari-
able regions of the /6S rRNA gene. Identification of
differences at the level of taxonomic compositions was
performed by variance analysis of data based on the
PERMANOVA test for microbial communities from
the QIIME2 functional [33]. The PICRUST?2 (Phylo-
genetic Investigation of Communities by Reconstruc-
tion of Unobserved States) method [34] was used to
predict metabolic profile from sequencing and 16S
rRNA gene profiling data [34], and STAMP statisti-
cal analysis of metabolic profiles was used to detect
statistical differences between groups at the level of
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predicted metabolic pathways [35]. Data of metage-
nomics analysis were visualized using GNU/R soft-
ware and Vegan package [36].

Results

At the first stage, /6S gene sequencing of the
small subunit of ribosomal RNA was performed, which
allowed us to determine the representation of different
taxonomic categories of bacteria in the samples from
the contents of the patients' dental sulcus.

The bioinformatic analysis revealed quite signifi-
cant features of the microbial composition of the den-
tal sulcus contents in CP associated with T2D which
have never before been noted by other researchers. The
features are as follows: significant predominance of 5
taxonomic groups of bacteria — representatives of the
Filifactor and Mycoplasma genera, Flavobacteriaceae
and Porphyromonadaceae families, Bacillales order —
and lower occurrence of 3 groups: TM7 as associates
of the actinomycetes, Atopobium and Fusobacterium
genera (Fig. 2).

The comparative analysis of the taxonomic profile
of microbiome of patients with CP, with or without as-
sociation with T2D, showed more frequent occurrence
in the first group of bacteria of the Filifactor and Trepo-
nema genera and lower frequency of occurrence in the
microbiome of 5 taxonomic groups: Bordetella and
Atopobium genera, Fusobacteriaceae and Veillonella-
ceae families, TM7.

In patients with CP without somatic pathology in
comparison with healthy people, bacteria of 5 taxonom-
ic groups: Anaerosinus and Bulleidia genera, as well as
the Bacillales, Bacteroidales, and Macellibacteroides
orders were encountered more frequently.

In general, the main peculiarity of the taxonomic
profile of the gingival sulcus microbiome with the as-
sociation of CP+T2D is the predominance of bacteria
with periodontal pathogenic properties belonging to the
Filifactor and Treponema genera in the samples. The
more frequent occurrence of prokaryotes of the Myco-
plasma genus, Flavobacteriaceae family and Bacillales
order compared to healthy people is a topic of interest
and requires further analysis.

One important fact that should be taken into ac-
count is that the most significant feature of the group
of patients with CP+T2D is the predominant represen-
tation of Filifactor genus bacteria in the microbiome.
According to this feature, the microbiome of this group
differs both from the group of healthy people and from
the group of patients with only moderate CP, in which
Filifactor genus bacteria are found in isolated cases.
The question that this brings up is to what extent this
feature is associated with the development of diabetes
and those metabolic changes observed in T2D and asso-
ciated mainly with the effect of the microbiome.

At the next stage, sequencing of pooled samples
was performed to determine the quantitative preva-

lence of certain taxonomic categories of bacteria in the
microbiome by individual pools of biological material
with functional traits that allowed to predict the main
metabolic pathways of the analyzed pooled microbio-
me samples belonging to different clinical groups
(15 pooled samples in each group).

Differences in the taxonomic diversity of metage-
nomes were fully reflected in the level of differences in
the predicted functional potential of microbial commu-
nities by study groups (Fig. 3).

A decrease in relative representation of 8 metabo-
lic pathways was found in the CP+T2D group com-
pared to the controls: fatty acid biosynthesis, pyrimi-
dine metabolism, methane metabolism, glycerolipid
metabolism, sphingolipid metabolism, tyrosine meta-
bolism, ascorbate and aldarate metabolism, ubiquinone
and other terpenoid-quinones biosynthesis.

When comparing the groups of CP with and with-
out T2D, differences in the representation of 5 metabol-
ic pathways were revealed: in the group of CP+T2D, an
increase in cysteine and methionine metabolism and a
decrease in pyrimidine metabolism, fatty acid biosyn-
thesis, methane metabolism, and sphingolipid metabo-
lism were observed.

In comparison to the controls, a decrease in the
relative representation of 4 metabolic pathways: cyste-
ine and methionine, sulfur, histidine, glycerolipids was
found for the CP group.

Ultimately, 4 metabolic pathways can be identi-
fied, the low level of which distinguishes the CP+T2D
group from controls and the CP group: methane me-
tabolism, sphingolipid metabolism, fatty acid biosyn-
thesis, and pyrimidine metabolism. CP, regardless of
association with T2D, was characterized by decreased
glycerolipid metabolism.

Functional analysis of pooled samples using the
Bray—Curtis criterion confirmed that, in general, the
group of CP patients was significantly closer to the
control in characterizing metabolic pathways than the
CP+T2D group.

Correlation analysis using Spearman correlation
coefficient () was performed to determine the relation-
ship between the revealed features of metabolic profiles
by study groups and the presence of representatives of
the genus Filifactor in the composition of the periodon-
tal pockets microbiome. The frequency of occurrence
of these bacteria in CP+T2D in our study showed a sig-
nificant level of negative correlation (» > 0.723) with
the prediction of two metabolic pathways — fatty ac-
id biosynthesis and pyrimidine metabolism, while all
these features in patients of this group were registered
3-5 times less frequently than in other cases.

Discussion

The highest occurrence of Filifactor bacteria, rel-
atively recently classified to the group of periodontal
pathogens of the first order [19], in the association of
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CP+T2D has been found by other authors among the
predominant representatives of the microbiome of
periodontal pockets [37—40], although without a de-
tailed comparison of the occurrence of this microorga-
nism in other groups.

ORIGINAL RESEARCHES

The data obtained by us on the peculiarities of
periodontal pockets microbiome metabolism in patients
with CP+T2D indicate a rather significant role of disor-
ders of fatty acids, pyrimidine, methane, glycerolipids,
and sphingolipids metabolism. Two of these features

Taxonomic group I CP+T2D LIcP | Control
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Bacillales P } ® |
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Fig. 2. Taxonomic profile of periodontal pocket microbiome in comparison of study groups.
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Fig. 3. Predicted profile of periodontal pocket microbiome metabolic pathways in the comparison of the clinical study groups.

(decreased biosynthesis of fatty acids and pyrimidine
metabolism) were correlated with the presence of Fili-
factor bacteria in the microbiome. The fact of such cor-
relation was confirmed by us for the first time; at the
same time, the importance of these metabolic pathways
of the microbiome with the association of CP+T2D is
discussed in modern scientific literature.

For example, when evaluating the metabolism of
F. alocis, there is emphasis on the importance of the
biosynthesis of saturated fatty acid, butyric acid, which
is involved in the pathogenesis of periodontitis [41].
Moreover, it is even proposed to use microbial butyric

acid as a marker of periodontitis, emphasizing that this
compound may affect the body's sensitivity to insulin
[42]. There is an opinion that the oral microbiome in
CP+T2D may be characterized by a decrease in the
number of bacteria producing butyric acid [43]. This
somewhat contradicts the data of our study, at least in
terms of significant representation of the Filifactor ge-
nus in the microbiome of the pathology under consider-
ation. At the same time, the deficiency of fatty acids that
have been established with the association of CP+T2D
may have another explanation. For example, if herpes-
viruses (especially Epstein-Barr virus) are present in
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the microbiome of subgingival biofilm, they have the
ability to actively consume the same butyric acid for
their reactivation [44]. All of this shows the possibility
of ambiguous interpretation of the obtained results and
the necessity for further research in this area.

The decrease in pyrimidine metabolism, cor-
related with the occurrence of . alocis, has also been
reported in the scientific literature as a sign of CP.
For example, there are reports that genes involved
in pyrimidine synthesis had significantly lower rel-
ative abundance in patients with periodontitis when
compared to healthy controls [45]. Pyrimidine is an
agonist of the GR119 receptor associated with hypo-
glycemic effects and a protective effect against pan-
creatic B-cells, which even allows us to recommend
pyrimidine derivatives as therapeutic agents in T2D
[46]. From this point of view, the state of pyrimidine
metabolism in the microbiome of periodontal tissues
with the participation of F. alocis may prove to be a
kind of marker of the association of periodontitis with
diabetes mellitus, and possibly one of the numerous
elements of T2D pathogenesis.

Thus, further study of these phenomena is prom-
ising not only from the point of view of deciphering
the etiopathogenetic role of bacteria of the genus Fili-
factor, but also from the point of view of improving
the methods of diagnostics and treatment of the above
mentioned combined pathology.

Conclusion

1. The microbiome of periodontal tissues in pa-
tients with CP associated with T2D has a number of
peculiarities concerning both its functional features and
taxonomic composition. In the latter case, researchers
concentrate their focus on recently established and so
far poorly studied bacterial representatives of the mi-
crobiome that are unculturable and have pronounced
periodontal pathogenic properties. Such microorgan-
isms include bacteria of F. alocis species in particular.

2. During a metagenomic microbiome analysis of
periodontal pockets of patients, Filifactor bacteria were
found to be significantly more frequent in the microbi-
ome of patients with CP+T2D than in those who only
have periodontitis or in healthy individuals. The detec-
tion rate of Filifactor bacteria in patients with CP+T2D
was negatively correlated with certain features of the
presumed metabolic pathways of the microbiome,
which included fatty acid biosynthesis and pyrimidine
metabolism.

3. The noted metabolic features, in particular, a
decrease in pyrimidine metabolism correlating with
the occurrence of F. alocis, according to the literature,
with a certain degree of probability can be considered
a pathogenetic factor in the development of periodon-
titis and/or T2D and can be regarded as a diagnostic
marker.
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Accumulated experience and future prospects
of in vivo hepatitis B virus research
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Central Research Institute for Epidemiology, Moscow, Russia

Abstract

Nowadays, an estimated more than 300 million people live with hepatitis B virus (HBV) infection globally. One of
the main goals of the World Health Organization (WHOQ) is to eliminate viral hepatitis by the year 2030. The study
of the pathogenic and immunologic properties of HBV, as well as therapeutic substances and treatment regimens,
is significantly complicated by the insufficient number of susceptible biological test subjects (animal models)
and the lack of zoonotic reservoirs of the virus. In this regard, researching the properties of HBV and related
hepadnaviruses provides invaluable material for understanding the biology of the pathogen and the developing
methods of prevention and control of this chronic infectious disease, leading to severe hepatopathies (cirrhosis
and hepatocellular carcinoma).

Furthermore, prolonged HBV viremia leads to depletion of the immune system, reducing resistance against
pathogens of other infections, especially those with a chronic course and socially determined spread.

The aim of this research is to evaluate existing animal models of HBV infection in the context of pathogenesis,
immunologic and pathomorphological features. For the first time, the hypothesis of the possible use of certain
models for the research of HBV-associated socially significant infections is considered from the point of view
of the development of pathomorphological features.

To complete this review, we analyzed the information about the features of HBV infection models in vivo, published
over the last 25 years in open sources (Web of Science, PubMed, Scopus, ScienceDirect, Springer). The main
criteria for literature selection were the type of infecting agent, the observed immunologic features of the course of
the infectious process and the availability of a description of the pathomorphological features in model organisms.
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HakonneHHbIN onbIT N NepCcneKkTUBbI NCCNefoBaHNA
BupYyca renatuta B in vivo

HaropHbix A.M.”, TiomeHueBa M.A., TiomeHueB A.U., AKuMKuH B.T.

U,EHTpaJ'IbeIVI HayLIHO-I/ICCﬂep,OBaTEJ'IbCKI/II;I WHCTUTYT snngeMmmonormnmn Pocn0Tpe6Ha,q3opa, MockBsa, Poccnsa

AHHOMauus

Ha cerogHsiluHuin geHb B mupe 6onee 300 MnH YenoBek MHULUMpoBaHbl BUpycom renatuta B (HBV), a ogHow
13 uenen BO3 aengaetca nukemaauunsa supycHoro renatuta k 2030 r. 3yyeHne natoreHHbIX U UMMYHOMNOMMYECKMX
csovictB HBV, a Takke TepaneBTUYeCKMX CyGCTaHUMIA U CXEM €ro fieveHns CyLLEeCTBEHHO OCIOXHEHO OTCYTCTBU-
€M JOCTaTO4HOro KONmMyecTsa BOCMPUUMUUBBLIX OMONOrMYECcKNX TECT-CUCTEM (3KUBOTHBIX MOZENE) 1 300HO3HbIX
pes3epByapoB Bupyca. B cBA3n ¢ 3Tum nsydyeHme cBonctB HBV 1 poacTBeHHbIX eMy renagHaBupycoB AaéT Gec-
LieHHbIN MaTepuan Ans noHMMaHus Guonornm Bo3byautens n paspaboTkm MeTogoB npodunakTnku n 6opsbbl C
3TUM XPOHUYECKUM UHMEKLMOHHBLIM 3a6oneBaHNeM, NPUBOASLLMM K TSXKEMbIM renatonatnsiM (LMppo3 v renarto-
LenntonsipHasi KapumHoma).

Kpome Toro, npogomkutensHas supemus HBV npvBoauT K UCTOLLEHNIO MIMMYHHOW CUCTEMBbI, CHDKaA PE3NCTEHT-
HOCTb MPOTMB BO30yauTenewn Apyrux MHAEKLUA, OCOBEHHO UMEIOLLIMX XPOHUYECKOE TeYEHME U colmarnbHo oby-
CINOBIIEHHOE pacrnpoCTpaHeHMe.

Lenb paboTbl — oOLeHKa CyLLEeCTBYOLLUX XMBOTHbIX Mogenen nHgekumm HBV B kOHTEKCTe natoreHesa, UMMy-
HOJIOrMYECKMX 1 NaToMOpPdONorMyYecknx XxapakTepmucTmk. Bnepeble ¢ No3vummn pasButms NaTomopdonornieckmnx
0COOEHHOCTEN paccMaTpMBaETCA MMNoTe3a BO3MOXXHOIO MCMOSb30BAaHNST HEKOTOPbIX MOAENen ans n3y4yeHus co-
YyeTaHHbIX ¢ HBV counanbHO 3HaUMMbIX UHGEKLNIA.

[na noarotoBku ctaTbl Mcnonb3oBanacb MHdopmauns o6 ocobeHHOCTAX MogenupoBaHust MHdekunn HBV
in vivo, onybnukoBaHHasa 3a nocrnegHue 25 net B oTKpbITbIX McToYHUKax (Web of Science, PubMed, Scopus,
ScienceDirect, Springer). OCHOBHbIMU KpUTEPUAMK ANA Nogdopa nuTepaTypbl ObiNy TN NHPULMPYIOLLIETO areH-
Ta, Habnogaemble UMMYHOINOrMYeckne 0COBEHHOCTM TeYEHUST MH(PEKLIMOHHOTO NpoLecca Y Hanuuue onucaHus
naToMoponorM4yeckon KapTHbl Y MOAENbHbLIX OPraHN3MOB.

Knrueeble cnoea: supyc senamuma B, xusomHblie mMoOernu, namomopghosio2udecKue xapakmepucmuku,
0630p

UcmoyHuk ¢puHaHcuposaHusi. PaboTa BbinonHeHa npu huHaHcoBow nogaepxke MuHMCTepcTBa Haykv U BbICLLETO
obpasoBaHusi PO B pamkax rpaHTa B chopme cybeuaum Ha cosgaHve u passutue «LleHTpa reHoMHbIX uccrnegosa-
HWIN MMPOBOTO YPOBHS No obecrneyeHnto Gruonornyeckon 6e3o0nacHOCTU U TEXHOMNOMMYECKON HE3aBUCKMMOCTM B pamMKax
degepanbHOM HayYHO-TEXHUYECKOW NPOrpaMmmbl Pa3BUTUSI TEHETUYECKMX TeXHOMNOrnn», cornaweHne Ne 075-15-2019-
1666.

KoHgbniukm uHmepecoe. ABTOpbI AEKNapUpyOT OTCYTCTBME SBHbIX M NOTEHLMArbHbLIX KOH(MUKTOB MHTEPECOB, CBS-
3aHHbIX C Mybnukaumnen HacTosiLLen cTaTbi.

Ansa yumupoesaHusi: HaropHbix A.M., TiomeHueBa M.A., TiomeHueB A.L., AkumkuH B.I. HakonneHHbI onbIT 1 nep-
CMEeKTUBbI UCCneaoBaHusi Bupyca renatuta B in vivo. XKypHan mukpobuonoauu, anudemuonoauu u ummyHobuonoauu.
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Introduction

Hepatitis B virus (HBV) is a small enveloped
hepatotropic DNA virus. HBV has a relaxed partial-
ly double-stranded circular DNA genome of approxi-
mately 3200 bases in length with 4 major overlapping
open reading frames (ORF): pre-S/S, pre-C/C, X and
P [1, 2]. The pre-S/S ORF encodes 3 structural enve-
lope proteins: large (L), medium (M) and small (S). The
S protein, known as HBsAg, consists of 226 amino ac-
ids. The pre-C/C ORF encodes 2 proteins: Core (core
protein), also known as hepatitis B core antigen (HB-
cAg) forms the nucleocapsid; pre-Core (pre-core pro-
tein) is produced as a result of the translation initiation
from alternate sites within the pre-C/C HBV ORF. The
X ORF encodes a small regulatory X protein that is re-
quired for viral replication. Finally, the P ORF encodes
a viral DNA polymerase [3], which is also a speciali-
zed reverse transcriptase required for the replication of
HBYV genomic DNA via an intermediate RNA [4].

HBsAg is a surface antigen and the main mar-
ker of HBV infection. In acute hepatitis, HBsAg can
already be detected in the blood during the incubation
period within the first 4-6 weeks from the onset of the
clinical period. The presence of HBsAg for more than
6 months is considered a factor in the disease transition
to the chronic stage. It should be noted that only part of
HBsAg proteins formed during virus reproduction, is
used for the construction of new viral particles, while
the rest of the antigen enters the blood of the infected
host [5].

HBcAg is a core antigen detectable only in the nu-
clei of hepatocytes, but is absent in the bloodstream.
The detection of IgM antibodies to this antigen in the
blood is of great diagnostic importance. These antibod-
ies in acute hepatitis are detected earlier than antibod-
ies for other viral antigens. Anti-HBcIgM are detected
in 100% of patients with acute hepatitis B, while the
total anti-HBc antibodies may be the only marker of
HBYV in the so-called "window period", when neither
HBsAg, nor antibodies to it could be detected in the
bloodstream. Because of this, they are detected at blood
transfusion centers when testing donated blood and
plasma [6].

HBcAg and HBsAg are the major structural an-
tigens of HBV. Both antigens are potent immunogens
for animal models as well as humans infected with
HBV [7].

HBYV protein X (HBx) is a pleiotropic regulatory
protein [8]. Its role in viral replication has been demon-
strated in a number of in vitro and in vivo studies. HBx
was first identified as a transactivator of gene expres-
sion. HBx does not bind DNA elements directly, but at-
taches to proteins that are responsible for binding DNA.
HBx moderately stimulates transcription driven by a
wide range of promoters, including its own enhancer in
the context of the entire viral genome [9]. However, the
role of HBx and its induced gene transcription, as well

as its impact on cytoplasmic signaling pathways during
natural HBV infection, remains up for debate [10].

After the virus enters the cell, the HBV capsid is
transported to the nucleus where the viral DNA is re-
leased. In the nucleus, the incomplete viral DNA ge-
nome with the help of cellular enzymes is reconstituted
into covalently closed circular DNA (cccDNA), which
then serves as a template for HBV gene transcription
[11]. The disease is associated with the formation of
infectious virions as well as overexpression of viral
proteins.

HBYV has a strict tropism to its host and organs.
It attaches to heparan sulfate proteoglycans and is ab-
sorbed upon binding to sodium-taurocholate cotrans-
porting polypeptide (NTCP). NTCP is a hepatocyte-spe-
cific bile acid transporter and has been identified as a
high-affinity HBV receptor.

Ex vivo expression of human NTCP (hNTCP) in
mouse, rat and dog hepatocytes enables HBV entry
into cells, but the virus is then blocked at one or more
stages of its life cycle [12]. However, hNTCP expres-
sion in the hepatocytes of pigs, cynomolgus monkeys
(Macaca fascicularis) and rhesus macaques (Macaca
mulatta) allows HBV to undergo a complete replica-
tion cycle. It is likely that additional host factors are
required to import incomplete HBV genomes into the
nucleus or to reconstitute them to a persistent form of
cccDNA [13].

HBV is a member of the Hepadnaviridae family,
which includes other hepatotropic enveloped DNA vi-
ruses such as Duck hepatitis B virus (DHBV), Wood-
chuck hepatitis virus (WHV) and Woolly monkey hep-
atitis B virus (WMHBYV). DHBV, WHV and WMHBV
are widely used as surrogate models of HBV infection.
Mammalian hepadnaviruses, including HBV, are mem-
bers of the Orthohepadnavirus genus and lead to the
development of liver pathologies, while DHBV be-
longs to the Avihepadnavirus genus, though infection
with this virus does not lead to the development of
hepatopathies.

Surrogate animal models of HBV

Ducks

In 1980, DHBYV was detected in the serum of do-
mestic ducks and became an instrumental model for
understanding the life cycle of hepadnaviruses [14]. In
duck hepatocyte cultures, this model has played a key
role in elucidating the mechanisms of viral replication,
including viral capsid assembly, initiation of reverse
transcription and finally formation of double-stranded
relaxed circular DNA [15-19]. Using this model, the
stages of cccDNA formation were investigated [20-22].
Duck models with persisting DHBYV infection have also
been used extensively to evaluate antiviral drugs, nu-
cleocapsid assembly inhibitors and combined therapy
(Fig. 1) [23-25].
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Fig. 1. Pathogenesis, immunological and pathological characteristics of animal models of HBV infection
based on surrogate viruses.

Nevertheless, duck models based on DHBYV still
greatly differ from human HBV in the following aspects:
DHBYV is only 40% homologous to human HBV [26],
DHBYV uses carboxypeptidase D as an entry receptor
[27], furthermore, drug toxicity may manifest different-
ly in humans and ducks [28, 29]. Therefore, screening
of candidate drugs as well as mechanism studies using
this system may require further validation due to the
existing differences between viruses and hosts.

Woodchucks

The discovery of WHYV, which infected wood-
chucks (Marmota monax) at the Philadelphia Zoo [30],
provided new opportunities for studying the host re-
sponse to hepadnaviruses in vivo. WHYV is similar to
HBYV not only in virological features such as length,
organization, and nucleotide sequence of the genome
(the similarity reaches 60-70%), but also in innate and
adaptive host immune responses that occur during viral
infection [31].

Currently, two species of woodchucks are used as
animal models for HBV-related studies: Marmota mo-
nax [32, 33] and Marmota himalayana [34]. The course
of infection, pathogenesis and disease progression in
WHV-infected woodchucks are similar to HBV infec-
tion in humans. Consequently, the woodchuck model is
widely used for preclinical studies of antiviral drugs as
well as studies of HBV-induced hepatocellular carcino-
ma (HCC). As preclinical models, infected woodchucks
have been tested for susceptibility to antiviral drugs
such as nucleos(t)ide analogs including lamivudine
[35], entecavir [36], and tenofovir [37]. Infection of

newborn woodchucks usually results in chronic infec-
tion, whereas adult woodchucks usually develop acute
hepatitis, indicating a similar immune response against
HBYV infection in humans. This has made it possible to
use woodchucks as an animal model of HBV for the
development of prophylactic vaccines and screening
of immunotherapeutic drugs against HBV infection
[15, 16, 32, 33]. In particular, the Marmota himalaya-
na model has shown that the use of nucleoside analogs
alone or in combination with DNA vaccine can induce
a partial or complete immune response, preventing vi-
remia after WHYV infection [38].

Nevertheless, there are certain limitations when
conducting research on the woodchuck model. Firstly,
the woodchucks are a large animals and can be diffi-
cult to handle during experimental procedures. Sec-
ondly, there are a limited amount of reagents available
to study the immune response of woodchucks to viral
infection. Furthermore, HBV- and WHV-mediated car-
cinogenesis differ, as WHV DNA often integrates into
the Myc proto-oncogene, resulting in the development
of HCC in almost all neonatally infected woodchucks,
whereas HBV prefers to integrate into the TERT, MLL4
and CTNNBI genes [39]. Thus, the differences between
HBV and WHYV viruses and their effects on their re-
spective hosts should be taken into account to evaluate
the efficacy of potential therapeutic agents and vaccines
against HBV.

Bats

Metagenomic analysis of tissue samples from bat
populations revealed numerous hepadnavirus-like se-
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quences showing more than 70% homology with WHV
and HBV genome sequences [40]. Whole-genome se-
quencing of tissue samples from bats living in Panama
and Gabon also revealed the presence of hepadnavi-
ruses in these populations, but zoonotic potential was
only confirmed in New World bats. This virus was ca-
pable of infecting human hepatocytes via hNTCP and
cross-reacted with monoclonal antibodies against the
S-domain of HBsAg. Histopathologic examination in-
dicated a slight to moderate presence of lymphocytic
as well as scant neutrophilic-eosinophilic infiltrates in
the portal triads of infected animals [41]. The presence
of HBx suggests the potential development of HCC in
infected bats. However, the detection of antibody-pos-
itive and DNA-negative bats combined with high sero-
prevalence in the same research indicates that bats are
possibly able to clear this infection.

The use of bats as a model organism for HBV stud-
ies is costly and time consuming due to the importance
of arranging for the animal care and maintenance in an
isolated vivarium. Furthermore, bat hepadnaviruses are
insufficiently studied. However, the question of model-
ing HBV infection in bats is open to debate, given the
migratory nature of these animals.

Non-human primates

Another HBV-like virus, WMHBY, infects its nat-
ural host, the woolly monkey (Lagothrix lagotricha)
[42]. WMHBYV has been successfully used in various
studies on spider (Ateles geoffroyi) and squirrel (Saim-
iri sciureus) monkeys. An infectious WMHBYV clone
was developed for studies in spider monkey models,
resulting in moderate viremia (10*-10° genomic equiv-
alent per 1 ml) 8 weeks after inoculation followed by
immune-mediated clearance [28]. Woolly and spi-
der monkeys are endangered and are unavailable for
HBV-related studies for ethical reasons [43, 44]. Ne-
vertheless, HBV models based on non-human primates
may be promising. For example, squirrel monkeys in-
fected with WMHBYV have shown acute infection and
in some cases chronic infection when WMHBYV ge-
nomes were delivered using adeno-associated viruses
[45]. It has been shown that in squirrel monkeys infect-
ed with WMHBY, viremia lasts 6-8 months, which is
more than 2 times longer than the duration of viremia in
other non-human primates. This fact allows us to con-
sider them as a surrogate model for the development of
therapeutic approaches for HBV treatment [45].

In 2013, a single naturally transmissible HBV
strain 99% identical to the HBVgenotype D (ayw)
strain was detected in a population of cynomolgus
monkeys on the island of Mauritius (mcHBV), which
raised some hopes of creating an HBV model based on
the small Old World monkey [46]. So far, however, it
has not been possible to obtain productive infection of
cynomolgus monkeys with mcHBYV, despite them being
inoculated with high doses [47].

After ANTCP was identified as a functional HBV
receptor, researchers discovered that it is a key host
factor limiting HBV infection in cynomolgus monkeys
and rhesus macaques [13]. hANTCP differs from primate
NTCP by only five amino acid residues in the HBV
binding region. However, a difference at one of these
divergent amino acid residues (G158R) results in an in-
ability to bind HBV to primate NTCP. The induction
of a corresponding mutation in the primate NTCP gene
resulted in HBV susceptibility [48]. In order to develop
a new virus model that provides susceptibility to HBV,
the R158G mutation could be induced into macaque
NTCP using the CRISPR/Cas genome editing system.

Furthermore, an HBV model based on rhesus
macaques transduced with a viral vector to express
hNTCP in vivo was developed [47]. The addition of a
viral vector followed by HBV infection resulted in sus-
tained HBV viremia for at least 6 weeks. Humoral and
antiviral cellular immunity were generated in the model
animals, and cccDNA was expressed in hepatocytes of
rhesus macaques during infection. However, the level
of hNTCP expression in rhesus macaques remains at a
low level and therefore, this model of HBV infection is
not considered effective (only 0.5-1.0% of hepatocytes
are HBcAg-positive, while HBsAg is not detected in
blood) [47].

The above data inspire the development of oth-
er HBV models based on non-human primates which
would be capable of demonstrating a higher efficiency
of HBV infection.

Immunotolerant animal models of HBV

Transgenic mice

Since 1985, transgenic mouse models express-
ing HBV proteins (such as HBsAg [49], HBeAg [50]
or HBx [51]) have been developed to study their role
in pathogenesis or study the full-length HBV genomes
that can produce infectious HBV virions in mouse he-
patocytes [52—55]. These models have contributed im-
mensely to the identification of oncogenic functions of
HBsAg and the HBx protein that induce inflammation,
alter host gene expression and ultimately lead to the de-
velopment of HCC [51, 56].

Transgenic mice expressing HBeAg are immu-
nologically tolerant not only to HBeAg, but also to
HBcAg, however, they are capable of transplacental
transmission of HBeAg. It is shown that the nonchi-
meric offspring of such animals after birth demonstrate
a reduced T-cell response to HBcAg. All of this indi-
cates that at the early stage of infection, HBeAg plays
a crucial role in limiting the T-cell response to HBcAg
and contributes to the transition of the process into a
chronic course of the disease. While HBcAg expres-
sion causes no obvious pathomorphological changes in
these mice, enhanced HBeAg expression inhibits its re-
lease, leading to the formation of acidophilic inclusions
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in the cytoplasm and causing focal nodular hyperpla-
sia of the liver. The cells with acidophilic inclusions,
in turn, resemble the ground-glass hepatocytes in HBV
carriers [57].

Transgenic mice expressing HBxAg in liver tissue
under the control of its native promoter have been used
to establish the oncogenic potential of HBxAg. Due to
HBxAg not being expressed in all hepatocytes, not all
animals develop HCC. In certain mice, only moderate
nuclear pleomorphism and increased mitotic hepatocy-
tic activity of a non-inflammatory nature is observed,
multifocal hepatolipidosis also occurs (Fig. 2). It is
worth noting that disease progression and death are ob-
served in males earlier than in females [58].

Transgenic mice with integrated full-length HBV
genomes capable of producing HBV virions in periph-
eral blood have also been used to test the efficacy of an-
tiviral drugs such as lamivudine and entecavir, as well
as to evaluate the antiviral effects of therapeutic drugs
based on small interfering RNA [59, 60].

Transgenic mice have an immune tolerance to
HBYV because the virus genome is integrated into the
mouse genome [61]. Nevertheless, transgenic mice
have been used to study the antiviral effects of the in-
terferon inducer [62] and the toll-like receptor 7/8 ago-

HBeAg expressing

HBxAg expressing

Immunotolerance to HBeAg and HBcAg;
transplacental transmission of HBeAg
to non-chimeric offspring
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nist [54]. Furthermore, transplantation of immune cells
from naive mice to transgenic mice can provoke the
development of an immune response to HBV [63-65].

Transduced mice

The main method of transduction of mouse he-
patocytes in vivo is hydrodynamic injection, which
involves the rapid (6-8 s) injection of a large number
of genetic constructs containing the HBV genome in-
to the tail vein under high pressure [66]. This causes
hepatocyte damage, which entails a post-injection in-
crease in alanine transaminase levels to large values,
but after transduction, HBV replication is temporary
[67]. Hepatocyte transduction in vivo is accomplished
using plasmid DNA, adenoviral (Adv) or adeno-associ-
ated viral vectors. Transduction with high doses of Adv
has been shown to induce temporary antigenemia [68]
and HBV replication for 3 months. This is followed by
a strong immune response against the adenovirus itself
[67]. Transduction with adeno-associated viruses results
in an immune tolerant phenotype with prolonged anti-
genemia, minimal inflammation and liver fibrosis [69].

The use of plasmid DNA reduces the risks of
strong immune responses against viral vehicles [70].
The formation of antigens, viral transcripts and DNA
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I— .
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Fig. 2. Pathogenesis, immunological and pathological characteristics of immunotolerant animal models of HBV infection.
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synthesis lasts for 14 days in immunocompetent ani-
mals. This is associated with the development of a
T-cell immune response aimed at destroying infected
hepatocytes. It is important to note that in immunode-
ficient NOD/SCID mice, the same process lasts for 81
days after transduction [70].

Optimization of the carrier containing the HBV
genome extended the duration of antigenemia in immu-
nocompetent mice up to 6 months. Due to this, HB-
sAg-positive mice produced antibodies against HBcAg,
but not against HBsAg, resembling the pattern of the
immune tolerant phase of infection in human carriers.
Transfer of HBcAg-specific immune cells promoted
the elimination of HBsAg from the serum of mice
carriers, demonstrating the critical importance of the
immune response against HBcAg in eliminating HBV
persistence [71].

A crucial role in HBV persistence in vivo is played
by cccDNA, which is responsible for viral recurrence
in chronically infected patients. It should be noted that
cccDNA is unable to infiltrate into hepatocyte nuclei
of unmodified mice. Using Adv, an HBV recombinant
cccDNA (rcccDNA) incapable of replication was suc-
cessfully delivered to the liver of Alb-Cre transgenic
mice and remained stable for more than 62 weeks, re-
sulting in HBV persistence. The persistent non-blood
inflammatory response and liver fibrosis found at the
late stage of virus persistence were similar to lesions
in the progressive course of chronic hepatitis B (CHB)
infection in humans [72]. A similar hepatotropic rc-
ccDNA model was established in the same mice via
adeno-associated virus 8. The model was characterized
by more than 72 weeks of antigenemia and cccDNA
persistence for more than 51 weeks. In contrast to the
previous model, minor parenchymatous inflammation
and focal fibrosis were observed in the liver [73].

Thus, it is quite evident that the approach of HBV
transduction of mice mediated by viral vectors and plas-
mid DNA is suitable for further use in HBV immuno-
tolerance studies. Moreover, delivery of adeno-associa-
ted virus-HBV vectors to mice induced histopathologic
manifestations consistent with liver fibrosis, which is
characteristic of the HBV infection [74]. However, this
issue has yet to be fully investigated.

Chimeric mice with humanized livers

Transgenic and transduced mice do not support a
full-scale infection due to the absence of the hNTCP
receptor. The Trimera model is the result of the earli-
est attempts of improving existing mouse models of
HBYV. To develop this model, fragments of infected hu-
man liver were transplanted into immunodeficient mice
under the renal capsule. After engraftment, viral DNA
and antigens were detectable for 2 months [75]. This
model was used to evaluate antiviral drugs, despite its
limited applicability to other HBV research tasks due
to the relatively short time window for infection and

the transient viremia. In another simple model, partial-
ly immunodeficient Nude mice were subcutaneously
transplanted with HepAD38 cells, capable of inducible
HBYV production. Sustained viremia developed 21 days
after the subcutaneous neoplasm was formed and per-
sisted for 30 days [76].

An alternative to the Trimera model involves us-
ing mice with liver-specific expression of the uroki-
nase-type plasminogen activator (uPA). Such animals
are characterized by increased uPA concentration, hy-
pofibrinogenemia and neonatal hemorrhages. Expres-
sion of the uPA gene induces hepatocyte necrosis in
young mice and provides marked repopulation of about
87% of liver parenchyma after 9 weeks [77]. Despite
sustained viremia, ground-glass hepatocytes are not de-
tected in such animals [78]. The hu-uPA/SCID model is
widely used to evaluate antiviral drugs and investiga-
tional immune therapy regimens. It is also used to study
the mechanism of the innate immune response against
HBV. The main disadvantage of this model is the un-
controlled expression of the uP4 gene, which requires
xenotransplantation of hepatocytes in the neonatal pe-
riod, as well as an increased risk of extensive hemor-
rhage in model animals [79].

In 2018, G. Dalton et al. introduced Fah gene
knockout mice. These animals significantly solved the
problem of the hu-uPA/SCID model. The lack of the
Fah gene causes accumulation of toxic metabolic inter-
mediates of phenylalanine catabolism to tyrosine and
induction of liver failure is regulated by administration
of  2-(2-nitro-4-fluoromethylbenzoyl)-1,3-cyclohex-
anedione [80]. Based on this feature, several models
have been established, including FRG mice carrying a
genotype with the knockout of Fah, Rag? and IL-2ry
genes. These mice achieved 95% liver repopulation
with human hepatocytes [81, 82]. After HBV infection,
increased levels of cccDNA, vRNA and viral DNA rep-
lication intermediates were observed in hu-HEP/FRG
mice. The hu-HEP/FRG model has been successfully
used to study the pathogenesis of HBV [82] and evalu-
ate the efficacy of antiviral drugs and therapeutic regi-
mens [83].

Immunocompetent animal models of HBV
Tupaia

Tupaia (Tupaia belangeri) are small mammals that
are genetically more closely related to primates than to
rodents [84]. Tupaia are susceptible to HBV and HCV
experimental infections, which has led them to become
a non-primate animal model studied in recent decades
[85, 86]. Similar to other species, tupaia have a greater
propensity to develop chronic disease when infected as
newborns and show similar histopathologic changes in
the liver as those seen in humans infected with HBV
[83]. Primary tupaia hepatocytes are widely available
and used in HBV and WMHBY infections [87, 88].
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Due to the primary cell culture of tupaia hepato-
cytes, accurate mapping of the HBV binding site be-
came possible and NTCP was identified as its function-
al receptor [12]. Intraperitoneal inoculation of HBV
into newborn animals leads to HBsAg persistence
in the liver accompanied by short-term HBsAg- and
HBeAg-antigenemia, while intrahepatic transduction
of recombinant viral DNA leads to the emergence of
serum antibodies against HBsAg and HBcAg and the
development of chronic hepatitis ending in fibrosis in
certain individuals [89]. In adult tupaia, intravenous
or intraperitoneal infection leads to a rapid increase
in antibody titers against HBcAg, HBsAg and HBeAg
within 2-3 weeks. Histopathologic changes in the liv-
er of chronically infected animals are similar to those
observed in human HBV [89], including HCC forma-
tion at the late stage of life in 30% of animals (Fig. 3).
Nonetheless, no increase was observed in the levels of
serum transaminases in tupaia [90].

Nowadays, there are a number of caveats that limit
the applicability of tupaia as an animal model of HBV.
First, being outbread, tupaia have genetic heterogene-
ity that may be useful for real-world studies, but is not
acceptable for large-scale animal studies. Second, only

Persistence of HBcAg in the liver;

short-term HBsAg- and HBeAg-antigenemia;
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low titers of virus are detectable in vivo in tupaia. Last-
ly, there is an acute shortage of tools and materials to
investigate HBV in this species.

Chimeric mice with humanized
immune systems and livers

A significant disadvantage of chimeric mice with
humanized livers is their high immunodeficiency back-
ground. To enable analysis of the human immune re-
sponse to HBYV, virus-induced immunopathogenesis
and testing of immunomodulators for the treatment of
CHB infection, protocols for the co-grafting of human
hepatocytes and human immune cells into mice are
constantly being updated and improved.

Reconstitution of the human immune system is
achieved by intrahepatic injection of newborn NSG
mice carrying the HLA-A2 allele with human hema-
topoietic CD34* stem cells (hCD34%). The hCD34*
together with human liver progenitor cells repopulate
mouse livers damaged by agonistic antibodies against
CD95. This model achieves 25% humanization, HBV
persistence with low viral load (< 5 x 10° copies/mL),
and the development of an HBV-specific hCD8" T-cell
response. The accumulation of M2-like macrophages,

Chronic hepatitis; liver fibrosis;
selective formation of HCC

the increasing of serum antibody titers
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system and liver

Macaca
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Pan troglodytes
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and liver fibrosis
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Fig. 3. Pathogenesis, immunological and pathological characteristics of immunocompetent animal models of HBV infection.
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which contribute to accelerated liver fibrosis in HBV
patients, leads to the development of severe hepatitis
and fibrosis in mice [91].

Another model, HIS/hu-HEP, is developed by
engrafting hCD34" cells and adult human hepatocytes
into BALB/c Rag2”IL2ry”~ Sirpa NOD Alb-uPA''e
mice. HIS/hu-HEP is characterized by higher levels
of HBV antigen production and the development and
maintenance of productive infection for 16-20 weeks.
Infection of animals of this model leads to infiltration of
inflammatory cells into areas containing antigen-posi-
tive hepatocytes without subsequent formation of foci
of fibrosis. At the same time, exposure to small doses
of HBsAg and HBcAg antigens induces a stronger im-
mune response [92].

The FRGS (Fah”Rag2”"IL-2Ryc”~ SCID) mice
are also used to develop chimeric mice with humani-
zed immune system and liver. This is done by in-
trasplenial transplantation of human bone marrow
mesenchymal stem cells. As a result, after 12 weeks,
human bone marrow mesenchymal stem cells differen-
tiate into functional hepatocytes directly in the liver of
the mice. Furthermore, hCD45" cells repopulate bone
marrow, thymus, lymph nodes, liver and are found in
the peripheral blood of model animals to varying de-
grees. After infection, persistent HBV infection with
high viral load and antigenemia develops, attracting a
large number of inflammatory cells to the liver paren-
chyma. The pathomorphological signs of acute lobular
hepatitis with the formation of lymphoid aggregates
and ductal lesions appears 12 weeks after infection,
and the portal and periportal lymphocytic infiltration
characteristic of HBV is detected from week 24. The
formation of diffuse scars and areas of focal nodular
hyperplasia in the liver, as well as elevated levels of
serum y-glutamyltranspeptidase and hyaluronic acid,
persist for 36 weeks after infection. Taken together,
such liver changes in animals are similar to some
pathomorphological features of the CHB infection in
humans. Moreover, 10% of infected animals develop
cirrhosis, which resembles the natural history of CHB
infection in humans [92].

Chimeric mice with humanized immune systems
and livers represent a new type of animal models of
HBYV. Such models successfully reproduce the natural
progression of HBV infection and thus offer opportuni-
ties to understand the pathophysiology of viral immuni-
ty and improve intervention strategies for HBV-related
liver disease.

Primates

The chimpanzee is the only known immunocom-
petent model that is fully susceptible to HBV and can
reproduce pathogenesis and disease progression quite
accurately. It has been shown that even 1 genomic
equivalent of HBV DNA is sufficient to successfully
infect chimpanzees [93]. After injection of HBV ob-

tained from patients with CHB infection, chimpanzees
can develop acute and chronic disease with immune re-
sponse and inflammation profiles very similar to those
of HBV-infected patients [94].

In the early stages of HBV research, the chim-
panzee model played an important role in evaluating
the safety and efficacy of HBV vaccines under devel-
opment. Chimpanzee studies were used to test the ef-
ficacy of the first-generation HBV vaccine (derived
from blood plasma) and a later developed recombinant
vaccine containing HBsAg produced in yeast cells [94,
95]. In recent years, the efficacy of modified recombi-
nant vaccines, vaccines against antiviral drug-resistant
mutant variants of HBV, and some therapeutic vaccina-
tion studies have also been tested using a chimpanzee
model [96-98].

Chimpanzees seem to be indispensable as an im-
munocompetent animal model in immunity studies
due to the fact that they can reproduce the same liv-
er inflammation and cellular immune responses as in
HBV-infected patients. Studies in chimpanzees have
shown that non-cytopathic antiviral mechanisms me-
diated by pro-inflammatory cytokines can promote
viral clearance during acute viral hepatitis [99]. More
recently, studies in chimpanzee models of CHB infec-
tion have shown that immune modulation can enhance
antiviral immunity and suppress HBV replication (e.g.,
through TLR-7 agonist activation) [100]. Although
chimpanzees have historically been the most relevant
animal species for HBV research, limited availability,
high costs and serious ethical concerns have limited
their use as an experimental model.

Besides chimpanzees, other primate models have
been used to study HBV. For example, Barbary ma-
caques (Macaca sylvanus) transduced with plasmid
DNA containing the HBV genome develop viremia and
early portal liver fibrosis, which is also characteristic of
the disease in humans. At the same time, serum trans-
aminase levels in infected macaques remain within the
physiologic normal range [101]. In rhesus macaques
expressing hNTCP in hepatocytes, moderate transient
viremia can also be established [47].

Primate models, which are extremely important
in the study of HBYV, are not widely used not only for
ethical reasons, but also because of their high cost and
the lack of necessary materials (reagents) for such
studies.

Models of socially significant HBV
co-infections
HBYV infection is a socially determined chronic
disease and can be mixed with other infections caused
by hepatitis C (HCV) and D (HDV) viruses, human
immunodeficiency virus (HIV) or tuberculosis. The
pathophysiologic, immunologic, and pathomorpholo-
gical features of these co-infections differ significantly
from those of mono-infection. Therefore, when devel-
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oping therapeutic approaches, it is advisable to develop
animal models that can reflect the properties of co-in-
fections.

HBV/HCV and HBV/HDV coinfections

Hepatitis C is widespread. The WHO estimates
that about 3% of the world's population is infected with
HCYV, with about 1.5 million new infections occurring
each year. More than 250,000 people die each year
from the hepatitis C sequelae (mainly cirrhosis and liv-
er cancer).

Hepatitis D is an inflammatory liver disease caused
by hepatitis D virus (HDV). HDV requires the presence
of HBV for its reproduction (without HBV, even hepati-
tis D infection is not possible). HBV/HDV co-infection
is considered the most severe form of chronic hepatitis
due to the more rapid development of HCC, which is
fatal.

Due to their ability to control hepatocyte apop-
tosis, transgenic humanized hu-uPA/SCID/beige and
AFC8-hu-HSC/Hep mice can be used to mimic HBV/
HCV or HBV/HDV co-infections. Virus titers in these
models reach detectable serum levels 3 weeks after
HBV/HDV infection. HBV viremia is slightly lower
than HDV viremia because HBV/HDV co-infection is
associated with induction of human type I interferon
expression, in contrast to HBV mono-infection [102].
FRG and Alb-uPA mice have also been successfully
used for xenotransplantation of human hepatocytes and
subsequent HCV infection. Interestingly, the transmis-
sible nature of the disease was confirmed in the course
of these studies [103, 104].

Y. Amako et al. demonstrated the possibility of
the infection of naive animals with serum of seropos-
itive tupaia with subsequent development of acute
hepatitis and viremia. Infection of tupaia with serum
of HCV-positive humans resulted in a 2-5-fold increase
in serum alanine aminotransferase level and prolonged
transient viremia. At the same time, hepatolipidosis was
observed in infected animals. During the next 2 years,
lymphocytic infiltrates characteristic of chronic patho-
logy was formed around the portal areas and liver sinu-
soids. And in the next year, the inflammation led to the
development of moderate and even severe fibrosis with
elements of liver cirrhosis [105].

As with HBV, the functional receptor for HDV
is NTCP. At the same time, HDV requires HBV enve-
lope proteins for release from infected hepatocytes and
continuation of the infectious process [106], although
it is known that HDV can persist in resting (non-divid-
ing) woodchuck hepatocytes for at least 42 days, inde-
pendently of HBV [103]. In vivo studies performed on
woodchucks infected with both WHV and HDV have
helped in the development of immunization strategies.
However, J.L. Gerin claimed that one of the obstacles
to the multilateral use of this model was the early devel-
opment of WHV-induced HCC [107].
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HBV/HIV co-infection

At the end of 2022, 33.1-45.7 million people
worldwide are infected with HIV, according to various
estimates. About 1% of people living with HBV infec-
tion (2.7 million people) are also infected with HIV.
HIV-positive patients with HBV are known to have
an 8-fold higher risk of liver-associated mortality due
to the use of highly active antiretroviral therapy. Fur-
thermore, HIV infection accelerates the progression of
HBYV infection, significantly increasing the risk of liver
cirrhosis or HCC. However, HBV infection does not
lead to an accelerated reduction in the amount of CD4*
T-cells [108].

Given the similar transmission routes and risk
factors, cases of HBV/HIV co-infection are not uncom-
mon. Therefore, double-humanized mouse models are
used to study HBV/HIV co-infection. Such a model
would be AFC8-hu-HSC/Hep mice. AFC8-hu-HSC/
Hep mice are characterized by inducible hepatocyte
apoptosis due to a transgene incorporated the genome
(AFC8 — FK506-binding protein and caspase 8 under
the control of the albumin promoter). Infection of these
mice with HBV leads to the expression of human fi-
brogenic proteins that cause the development of liver
inflammation and fibrosis correlating with the activa-
tion of hepatic stellate cells in the humanized region
of the liver [109]. Humanized models of HIS/hu-HEP
[91] or TK-NOG-hu-HSC/Hep [110] mice can be used
in a similar manner. However, the main obstacle to the
development of these models is the necessity to use tis-
sues obtained from a single donor.

The mouse model of HIL, obtained by transplan-
tation of embryonic hCD34" cells into the liver paren-
chyma of immunodeficient mice, is more simple to use.
With this method, it is possible to obtain mice with dou-
ble humanization and minimized risk of graft-versus-
host reaction. After infection, HIL mice exhibited nod-
ular liver fibrosis progressing to diffuse fibrosis with
multiple septa. The diffuse fibrosis led to the develop-
ment of severe scarring and nodular cirrhosis as a result
of inflammation and activation of hepatic stellate cells.
At the same time, a threefold increase in the number of
hCD45" cells and improved regulation of both human
and murine fibrogenic genes were observed in the liver
parenchyma of animals [111].

HBV/Mycobacterium tuberculosis co-infection

Tuberculosis, like infections caused by HCV,
HDV and HIV, is a socially significant disease. In 2021,
an estimated 10.6 million people worldwide had tuber-
culosis. Co-infections of HBV and Mycobacterium tu-
berculosis (MTB) are not uncommon.

It is a known fact that antitubercular drugs are pri-
marily used in the therapy of HBV and MTB co-infec-
tion, which against the background of hepatic tubercu-
losis can carry a huge risk of liver damage [112]. Rhe-
sus macaques and cynomolgus monkeys are susceptible
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to MTB infection by the natural route of infection, and
they develop granulomas, including in the liver, with a
highly ordered architecture with central necrosis sur-
rounded by a peripheral rim [113].

The development of an aerosolized method of in-
fection mice made it possible to increase the virulence
of mycobacteria relative to the intravenous method
[114]. The BLT model obtained by transplantation of
fetal tissues of human bone marrow, liver and thymus
under the kidney capsule of immunodeficient mice is
susceptible to infection with mycobacteria. 3-4 weeks
after MTB inoculation, multifocal inflammation of liv-
er parenchyma developed. The bacteria were localized
in the areas of inflammation, but no ductal obstruction
was observed in the liver 4 weeks after infection [115].
The main difficulty of the BLT model lies in the xe-
notransplantation procedure, which requires manipula-
tions with extreme precision. Furthermore, in the BLT
model, the developing human liver tissue does not re-
constitute the full structure of the organ.

Highly immunodeficient TK-NOG mice, suitable
for xenotransplantation of both liver tissue and hema-
topoietic stem cells, may become a universal model for
some infections. Their humanization may make it pos-
sible to mimic not only HBV infection combined with
HIV [110], but also make these mice a promising model
for future studies of HBV/MTB co-infection.

L. Zhan et al. reported the susceptibility of tupaia
to experimental intravenous infection with high and
low doses of MTB. Given that tupaia are outbred, the
observed clinical signs of disease varied among ani-
mals even within the same experimental group. Path-
omorphological examination showed the presence of
tuberculous granulomas in the lungs and spleen with
central caseous necrosis and a large number of inflam-
matory cells in the periphery. Focal necrosis with in-
flammatory cells was common in the adrenal cortex and
capsule and cerebellum. Infiltrated with inflammatory
cells, MTB-containing lesion foci were found in the
liver, kidney and extensive necrotic foci in muscle. It
is important to note thatanimals reached humane end-
points by week 11 [116]. Taking all of this into account,
tupaia can also be considered a promising model for
future HBV/MTB co-infection studies.

Conclusion

DHBYV is only 40% homologous to HBV [26]
and uses carboxypeptidase D as an entry receptor [27].
Therefore, ducks have low relevance as models for
evaluating the efficacy of antiviral therapy [117]. Sim-
ilar to ducks, woodchucks, bats, and primates are not
inbred, and immunologic reagents for comprehensive

studies of hepadnavirus infections are not available.
Furthermore, many natural models of infection are sim-
ply endangered.

Mice with immunotolerance can only maintain
HBYV replication in the context of mouse morphologic
and physiologic features. In this case, the life cycle of
the virus is incomplete due to the absence of the sta-
ges of virus entry, cccDNA formation and infection
dissemination. The relevance of the results obtained
on chimeric mice possessing a humanized liver cannot
be translated to humans due to their immunodeficiency
and, consequently, the absence of pathomorphological
changes caused by the immune response against infect-
ed cells.

Tupaia can be infected with HBV, but they are
also outbred and their use in vivo as models requires
preliminary studies. Double-humanized mice repre-
sent a promising area for further research. However,
the stability of viremia is directly dependent on the de-
gree of humanization of mouse liver with administered
human hepatocytes [102]. Furthermore, transplantation
(engraftment) of xenogeneic immune system and liv-
er induces mismatches in the major histocompatibility
complex system, which leaves open the question of the
relevance of recognition mechanisms and immune re-
sponses against the virus in such models.

Given the inaccessibility of chimpanzees for
HBYV research, as well as the similarity of the immune
system and the relative availability of some reagents,
non-human primates possibly provide the most reli-
able immune data for translational research [46]. How-
ever, these results need to be carefully interpreted by
cross-checking in other biological systems.

A new trend is the development of animal mod-
els of HBV-associated socially significant infections.
Immunodeficiency of some models would possibly
become their advantage, as in the case of simulated
HBV/HIV co-infection. On the other hand, simulta-
neous infection with two pathogens carries the risk of
a significant reduction in the quality of life of the an-
imal. Therefore, the design of such studies should be
reviewed by ethical committees in the strictest manner.

During the study of a pathogen such as HBV, there
are no models that are of no practical value. In conclu-
sion, models that can demonstrate both the long-term
development of hepatopathy and the immunologic fea-
tures of the infection process in vivo will become more
widespread in future studies of both hepatotropic viruses
and co-infections. Furthermore, the identification of nov-
el natural reservoirs of hepadnavirus infections for the
purpose of expanding the selection of available models
will shed light on the origin and evolution of HBV.
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XPOHUKA

XPOHUKA

Utoru X Poccninckom HayuyHoi KoHpepeHunn

C MeXAYHApPOAHbIM yyacTuem

«MepcncreHUna N CcMM6103 MMKPOOPraHN3MOBY

20-22 cents16ps 2023 . B Openbypre cocTosiiach
oouneitnas X Poccuiickas HaydHas KoHQepeHLUs C
MEXIyHapoIOHbIM yyactueM «llepcucrenuus u cumou-
03 MUKpPOOPraHU3MOB», nocBsménHas 300-neturo Poc-
cuiickoil akageMuu HayK 1 10-JeTHIO HayKu U TEXHOJIO-
ruid. Kongepenuus npoxoanna Ha 6a3e Tpex Hay4IHBIX
yupexacHuil: MHCTUTyTa KJIETOYHOIO U BHYTPHUKIIE-
ToyHOTO cUMOMO3a VYpanbckoro otneneHuss PAH —
000COOJIEHHOTO CTPYKTYpHOTO mnoapasneneuus OpeH-
Oyprckoro QeiepaabHOrO UCCIIEA0BATEIBCKOTO IIEHTPA
VYpansckoro otaenenusi PAH, OpenGyprckoro rocynap-
CTBEHHOI'O MEIHMIIMHCKOTO yHHBEpcuTeTa MuH3IpaBa
Poccun, depepanbHOro Hay4yHOTo LEHTpa OHOIOTHYe-
ckux cucteM u arporexHoioruii PAH. Kondepennus
noxaaep:kana Ypansckum otaenenuem PAH, Otnenenu-
em ¢usnonornuecknx Hayk PAH, Otaenenuem menu-
nuHckux Hayk PAH, [paBurensctBoMm OpeHOyprekoit
obnactu, BeepoccuiickuM Hay4YHO-IPaKTUYECKUM 00-
LIECTBOM 3IUAEMHOJIOTOB, MUKPOOHOJIOTOB U Mapasu-
TOJIOTOB, MeEXpEerHoHAIBHBIM MHUKPOOHOIOTHYEeCKUM
obmecTBoM. B paboTe KoH(epeHInN TPUHSIIN y4acTHE
oonee 120 coTpynHUKOB K3 39 BemylIMX HAy4HBIX yU-
PEXIEHUI, By30B U MEAULUMHCKUX opranusauuii Poc-
cun (Mocksa, Cankr-IlerepOypr, UpkyTck, Exarepun-
Oypr, Uensounck, Treps, Tromens, [lymuno, Ka3zans,
Openoypr, Yda, [Tepmb, Cypryt, Camapa, Apocnasisb)
u Kazaxcrana (Ypansck).
3acnymansl 12 rmieHapHbIX U 68 CEKIIMOHHBIX J0-
KJIaJI0B, MPEJICTABICHBI 26 CTCHIOBBIX COOOIECHUH 110
HalpaBJICHUSM:
* CumOMOHTHas MUKpoOHOTa U e€ poiib B obectie-
YeHUHU (PU3HONOTHYECKUX (DYHKIMH XO35HHA.

* IMMyHONOTHYECKHE aCIEKThl MEPCUCTUPYIO-
IUX UHPEKIUH 1 B3aMMOOTHOIICHUH B CHUCTE-
M€ «IaTOreH—X03UH—MHUKPOOHOMY.

* CoBpeMEHHBIE MOAXOABl K ITUAarHOCTHKE, Mpo-
¢unakTHKe M JCYCHUIO 3a00JIeBaHUN MUKPOO-
HOH 3THOJIOTUH.

* MuKpOOHONIOTHYECKHE ¥ HWMMYHOJIOTHYECKHE
aCMEeKThl Pa3BUTHsI SHIOTCHHBIX OaKTepHaib-
HBIX UH(EKIUIA.

* MukpoOHbIe €OO0IIEeCTBA MPUPOTHBIX IKOCH-
creM, OMo- U arpocucteM. MUKpOOHBIE TEXHO-
JIOTHH.

* CuMOHOHTHAsI MUKPOOHOTa KaKk OOBEKT UCClie-
IOOBaHUU B >)KUBOTHOBOJICTBE.

Temaruka koH(EpeHIMH SBIAETCS BECbMa aK-
TyaJIbHOU, T.K. MUKPOOHBIE COOOIIECTBAa MPUCYTCTBY-
10T B Pa3jIMYHBIX MPUPOIHBIX SKOCUCTEMaX U UTPaioT
BOKHYIO (PM3HOJIOTHUECKYIO U MaTOJIOTHYECKYIO POJIb
B OpraHM3Max MHOTOKJIETOUHBIX (YEJIOBEK, )KUBOTHBIE,
pacTeHHs) U Jake OAHOKJIETOUHBIX (MPOTHCTHI). B co-
BPEMEHHOH MeIHuLIMHE, OMOTEXHOJIOTHAX U arpOTEXHO-
JIOTHAX MCCIEAOBAHUS MUKPOOHOTHI YeJIOBEKA, KHBOT-
HBIX ¥ PACTEHUI HaXOIATCs Ha MEpPEeIHEM Kpae HayKu.
[lepcucTeHTHBI TOTEHUMAN CIYKUT OCHOBOM JJIst
JOJTOCPOYHOTO BBDKMBAHUSI MUKPOOPTaHU3MOB B Op-
TaHu3Me ¥ IPUPOJHBIX SKOCUCTEMaX U UIPaeT KItode-
BYIO POJib B pOpMUPOBaHUH CUMOMOTHUYECKUX CBSI3EH.

[MnenapHas ceccust Obuia MOCBsIICHA (yHIAMEH-
TaJbHBIM MpoONeMaM MEPCUCTEHIMH U CHMOHOTHYE-
CKMX B3aUMOJEHCTBUN MUKPOOPraHU3MOB, a TAKXKE
MPaKTHYECKUM aCHeKTaM HCCIEeAOBaHUNH MHKPOOHOTHI
B MEIHIMHE, OMOTEXHONOTUSX M arpoOTEXHOJIOTHSIX.
C nuieHapHBIMH TOKJIAZAaMHU BBICTYIHIIN BedyLIHE POC-
cuiickue yuensie: akagemMuk PAH O.B. byxapuH, unen-
kopp. PAH C.B. Yepkacos (MKBC YpO PAH, Opesn-
Oypr); akagemuk B.B. 3sepes (HUMBC um. .. Meu-
HukoBa, Mocksa); 1.0.H. C.A. Epmomnaesa (HULIDM
uMm. H.®. Namanen, Mocksa); n.m.H., npod. N.I". Kos-
sos (HMUIL] IT'OU um. [I. Porauesa, Mockga); 11.0.H.
M.B. Jlonosa, 1.6.H. B.A. IllepbakoBa (MBXM PAH,
[Mymwmno); n.6.1. FO.B. T'orones (KUBb KHI] PAH, Ka-
3anb); A.M.H., npod. B.K. Wnpun (CHL UMBIT PAH,
Mockaa).

Ha xoHdepenunn oOcyxaamuch mpoOIeMbl BbI-
JKUBaHUSI MUKPOOPTaHU3MOB M MX JJIMTEIBHOTO CyLIe-
CTBOBaHUS B OMOJIOTMYECKUX OOBEKTaX M OKpYXKaro-
uied cpeae; GopMHpOBaHHE CUMOHMOTHYECKUX CHCTEM
Y pa3nu4HbIX GopM cuMOM03a; B3aWMOOTHOLICHUS MU-
KpOOHMOTHI U OMOXMMHYECKHX MapaMeTPOB OpraHu3Ma
4eJioBeKa; BIMSHHUE JakToeppuHa Ha CTaOMIBLHOCTD
OMOoLIeHO3a B YCIOBHSIX KOCMHYECKOTO TOJIETA; HMMY-
HOPETYJITOPHBIE MEXaHU3MBI IOAIePKaHUs TOMEOCTa-
32 MUKpPOOMOTHI; BAKIIMHALIKS TPOTUB PECIUPATOPHBIX
MaTOreHOB M pa3palboTKa BakUHMH Ui OOpbOBI ¢ Omy-
XOJISIMHM; UMMYHOMOAYJHpYIOIIee AeHCTBHE OaKTepu-
ANbHBIX JIMTAHJIOB MPU OPOHXOOOCTPYKTUBHBIX 3a00-
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JIeBaHUX; IMMYyHOOUOTIOrHYecKre 3PPeKThl CHHTETH-
YeCKOro aHajora rpaHyJlolHUTapHO-MakpodaraaibsHOro
KOJIOHHECTUMYIHPYIOUIero (akTopa MU MEePCHEKTHUBEI
€ro UCIOJIb30BaHUS B KITIMHUYECCKOM MPAKTHKE.

AKTHBHO 00CYXAajduch TpoOIeMbl pPa3BUTHS
MOCJICONICPAIMOHHBIX BOCHANUTEIBHBIX W BHYTPHIO-
CHHUTAJBHBIX OCJIOXXHEHUH; MOJEKYJISpPHBIE MEXaHU3-
MBI pa3BUTHA SHJOTCHHBIX OaKTepUabHBIX HH(PEKINH;
BHOBb ObLIa MOJHATA TeMa OCTPOH MpOoOJIEeMBI pacTy-
e MHUKPOOHOM YCTOWYMBOCTH K aHTUOMOTHKAM.
B neHTpe BHUMaHHMS OKa3ajCh BOMPOCH YITyYLICHUS
JUAarHOCTHKH U JICUCHUsI XPOHUYECKOW HH(EKIUH JIET-
kux (XWJI) y GOnbHBIX C MYKOBUCIHO30M, 8 TaKKe
NpoQHUIAKTUYECKHE MEPBI M0 OTPaHUYEHHUIO Pacipo-
CTpaHECHHUS! MYJIBTHPE3UCTEHTHBIX IITAMMOB BO30ynu-
teneit XUJI.

Ha cexunn «MukpoOnoTa Ha CTHIKE HAYKHU U TIpaK-
TUKW» Y4EHbIE ITO3HAKOMMIIM Bpaued C HOBEHUILIMMHU
(byHIaMeHTaIbHBIMUA Pa3paboTKaMH M BO3MOXKHOCTSI-
MU HX BHEAPEHHUS B MPAKTHUYECCKOE 3APaBOOXPAaHECHHUE.
OOHapyKeHHe HOBBIX MHUKPOOPTraHU3MOB, MPOIYKTOB
UX JKU3HEACATENBHOCTH, TeHOB M (DYyHKUHWH, a Takke
M3y4YCHHE MEXaHHW3MOB CHMOMO3a MEXKAY YeJIOBEKOM
¥ MHUKPOOaMH CIIOCOOCTBYIOT LIMPOKOMY HMCIIOJIb30Ba-
HUIO MHUKPOOHBIX TEXHOJOTWUH B MPUKIATHBIX aCIeK-
Tax, B TOM YHCJIE B MOJIYYCHHUH METa0OJIUTOB OakTe-
Ui, SBISIONIMXCS TOTEHIHATBHBIMA aHTUOMOTHKAMH.

Illvupokuii CrnexkTp MOKIALOB 3acilyllaH II0 MHU-
KPOOHBIM COOOIIECTBAM MPUPOAHBIX SKOCUCTEM U OHO-
TexHonoruu. [lpencraBneHsl JOKIAIbI 10 MUKPOOHOMY
pacTeHHI U MCIIONIL30BaHUIO IITaMMOB Bacillus spp. B
KaueCTBE CTHUMYJSTOPOB pOCTa CEIbCKOXO3HCTBEH-
HBIX pacTeHHH. AKTHBHO OOCYXIalCh MUKPOOHOMEI
ranouIbHBIX MHKPOBOJIOPOCIIEH; MOIEKYISIpHO-TEHE-
TUYECKUE MEXaHU3Mbl CUMOMO03a OaKTEepHii U BUPYCOB
C IPOCTEHIINMHU; OLIEHKa Ka4eCTBa MOJrOTOBKH MUThE-
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BO BOABI; perymsinus Quorum sensing — 3aBUCHMBIX
MPOILIECCOB Y TPaMOTPULIATENbHBIX OaKTEPH.

B pamkax koH(epeHUUH OpPraHU30BaH CHUMIIO-
3UyM U MPAaKTUKYIOIIUX Bpadyeld «Mukpobuora Ha
CTBIKC HAyKHM U IIPAKTUKW», [TOCBAIIEHHBIN BOIPOCAM
OLICHKH U KOPPEKIHWN MUKPOOHOMa YeJIOBeKa. Y4yacTue
CTHELUAIMCTOB MUPOBOTO YPOBHS MO3BOJIHMIIO JAHHOMY
MEpONPHSTUIO CTaTh BaYKHBIM IIaroM B pean3alnuu
MPOEKTa [0 IPEBEHTUBHON MEIULIMHE, ITOMIAAKON JJIst
KoToporo siBisiercsi OpeHOyprekast 001acTs.

AKTHUBHOE Hay4yHOE B3aUMOJACHCTBHE MpPOHMC-
XOOWJIO U Ha CTEHJOBOW CECCHM, BO BPEMsI KOTOPOM
MpeACTaBICHbl JOKIAIbl MOJIOJBIX HCCIeN0BaTeICH.
B 3axitouenne koHepeHIH MPOBeNEH KPYTIIbIH CTOI
«IlepcucteHuust 1 CUMOMO3 MHUKPOOPTaHU3MOB: Me-
JULWHCKHE, SKOJOTMYEeCKUE W OHOTEXHOJIOTHYECKUE
acreKTbl». Tpyapl y4acTHUKOB KOH(EPEHIUHU Oy OIHKO-
BaHbI B 3JIEKTPOHHOM XypHaie «bromnerens OpeHoypr-
ckoro HayuyHoro rentpa YpO PAH» Ne 2, 3322023 .

[To utoram KoH(pepeHINH NPUHSATO PELICHHE:

1. PexomeHnnoBath u3ydeHHE MPOOJIEMBI MEPCH-
CTEHIMH MHUKPOOPTraHU3MOB KaK crocoba mopajepika-
HUSI CUMOMOTHYECKUX CHCTEM MEXIY MPOKAPHOTaMHU
U DYKapUOTaMH ISl PEIICHHUs aKTYalbHBIX Hay4YHBIX
BOIIPOCOB B 00JIACTH MUKPOOHOJIOTHH, SKOJIOTHH, Me-
JULWHBI 1 OMOTEXHOJIOTHH.

2. [lpuBnekarb CHELMAINCTOB B CMEXHBIX C MU-
KpoOuooruei obnactsix (reHeTHKoB, OMonHpOpMaTU-
KOB, OMOTEXHOJIOTOB, IMMYHOJIOTOB) JJISl PErYSPHOTO
00CYXIeHHUs Pa3InUYHBIX CTOPOH MPOOJIEM MEePCUCTEH-
UMM U CUMOMO03a MHUKPOOPTaHU3MOB C LENIbI0 00OMEHa
HayYHBIMHU 3HaHUSIMH ¥ KOOPAWHAIIMU TEKYILINX HCCIIe-
JIOBaHMH.

3. IlpoBectu cnenyruryro koHdepeHmuwo «llep-
CUCTCHIIUS U CUMOM03 MUKPOOPTaHU3MOB» B OpeHOyp-
re B 2026 .

Yepracos C.B., Ilnomuuxos A.O.,
Cenueanosa E.A., [l[ynnosa E.A.
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