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Studying the genetic diversity of the varicella-zoster virus in selected
regions of the Russian Federation using high-throughput sequencing

Maksim I. Nadtoka™, Vladislav G. Lysenkov, Matvei R. Agletdinov,
Andrey A. Mishkin, Natalia M. Afonina, Antonina A. Ploskireva,
Irina V. Mikheeva, Kamil F. Khafizov, Vasily G. Akimkin

Central Research Institute of Epidemiology, Moscow, Russia

Abstract

Introduction. Varicella-zoster virus (VZV), the causative agent of the disease of the same name and herpes
zoster, is phylogenetically divided into 8 clades, the distribution of which is characterized by geographic reference
to certain regions of the world. For most countries, VZV clades circulating in their territories have been identified,
however, such information is almost unavailable for Russia.

The purpose of the study is to develop an effective method for VZV typing using high-throughput sequencing
technologies to identify the prevalence of various VZV clades in Moscow, Moscow Region, and Stavropol Territory.
Materials and methods. To genotype VZV, itis enough to refer to 7 nucleotide positions. Their unique combinations
can be used to assign the virus to one of the clades. Short sections of nucleotide sequences of open reading
frames were obtained using a developed set of primers.

Results. A VZV genotyping technique has been developed and optimized. Using this technique, primary data on
the distribution of VZV clades in the studied regions have been obtained. Thus, it has been established that in
Moscow and a number of other regions, the 1st, 3rd, and 5th clades of VZV are predominantly distributed.
Conclusion. The developed technique, including a primer panel and a genotyping algorithm, allows VZV typing in
a short time while reducing specimen preparation costs and simultaneously increasing the number of specimens
in one sequencing cycle. The results obtained using this assay allow us to assume that in Moscow, Moscow
Region, Stavropol Territory, VZV, clades 1, 3, and 5 are the most represented ones. To confirm this hypothesis, it
is necessary to include a larger number of clinical specimens in subsequent studies, including from other regions
of the country.

Keywords: varicella zoster virus, VZV, genotyping of varicella zoster virus, VZV genotyping, next generation
sequencing, high-throughput sequencing
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N3yuyeHne reHeTUYECKOro pa3sHOO6pa3unsa BMpyca BeTPAHOI OChbl
B OTAEeNbHbIX pernoHax Poccunckon Pepgepauum npyu nomowym
BbICOKONPON3BOAUTENIbHOIO CEKBEHNPOBaHA

Haaroka M.L.*", NbiceHkos B.I, ArnetgnuHos M.P., MuwkuH A.A., ApoHnHa H.M.,
Mnockupesa A.A., MuxeeBa WU.B., Xa¢puzoB K.®., AkumkuH B.T.

LleHTpanbHbI Hay4YHO-MCCNIefOBATENIbCKUN MHCTUTYT anvuaemuonorumn PocnotpebHaasopa, Mockea, Poccua

AHHOMauus

BeepneHue. Bupyc BetpsiHon ocnbl (VZV) — B0o36yanTens 0O4HOMMEHHOrO 3aboneBaHus 1 OrnosiCbiBaloOLLEro nu-
was, dounoreHeTM4eckn noapasaensieTca Ha 8 knag, AN pacnpoCcTpaHEHUS KOTOPbIX XapakTepHa reorpaduye-
cKasi MpUBS3Ka K TEM UM MHBIM pernoHam mupa. [ns 60nblWMHCTBA CTPaH YCTAHOBMEHbI LIMPKYNINMPYOLLME Ha NX
TeppuTopusx knaabl VZV, ogHako Ansa Poccun aHanornyHas nHpopmaumus NpakTu4eckn OTCyTCTBYET.

Lenb nccnegoBaHusa — paspabotka addekTMBHON MeTOAMKN TunMpoBaHus VZV ¢ Mcnonb3oBaHNEM TEXHOIO-
T BbICOKOMPOM3BOAUTENBHOIO CEKBEHNPOBAHUS AN BbISIBNIEHWS PACNpPOCTPaHEHHOCTU pas3nuyHbix knag VZV
B Mockse, MockoBckow obnacTtu n CTaBpononbCKOM Kpae.

Matepuanbl u metoabl. [Ing reHotunupoBaHua VZV JoCTaTovHO 3a4encTBOBaTb 7 HYKMEOTUAHbIX NO3ULUA,
Mo YHVKAINbHbIM COYETAHUSIM KOTOPbIX BO3MOXHO OTHECTWU BUPYC K OOHOM U3 knag. KopoTkMe y4acTku Hykneo-
TUAHBIX NOCreaoBaTeNbHOCTEN OTKPbITbIX PAMOK CYMTLIBAHMS Nonyyanu npy noMoLm paspaboraHHoro Habopa
npanmepos.

PesynbraTbl. Pa3pabortaHa 1 onTMMm3npoBaHa Metoguka reHotunvposanusa VZV. Mpu nomowm AaHHOW MeTo-
AVIKW nony4YeHbl NepBUYHbIEe JaHHbIe O pacnpeaeneHun knag VZV B nccnepgyemblx permoHax. Takum obpasom,
ObINo ycrtaHoBneHo, 4To B MockBe u psine Opyrvx perMoHOB pacnpocTpaHeHbl npeumyllectseHHo 1, 3 n 5-5
knaabl VZV.

3akntoueHune. PaspabotaHHas meTtoguka, BKIHOYaKoLWas npavMepHyo naHernb M anroputMm reHoTUNUPOBaHWUS,
No3BONSIET NPOM3BECTU TUNMpoBaHue VZV B KOPOTKME CPOKM MPU CHIDKEHUM 3aTpaT Ha NpobonoaroToBKy U oa-
HOBPEMEHHOM YBENMYEHUN KonmnyecTsa 0OpasLoB B OOHOM LIMKIE CEKBEHUPOBaHUS. PesynbraThl, NONMyYeHHbIe
C MCNOnNb30BaHMEM OAaHHOro MPOTOKOMa, NO3BOMSAT caenaTh npeanonoxeHve o ToM, 4to B Mockee, MockoB-
cko obnactu n CTaBpononbCKoM Kpae Hanbonbluyo NpeacTaBneHHOCTb MMetoT knagbl 1, 3 n 5 VZV. [ina noa-
TBEPXKOEHMS AAaHHOW rMNoTe3bl TpebyeTcsa BKNIOYNTL B NOCNeayome nceneaosanms 6onbLiee Konm4yecTso Kn-
Hu4ecknx obpasuos, B TOM YMCne U3 OPYrnX PErMoHOB CTPaHbI.

KnroueBble cnoBa: supyc eempsiHou ocribl, VZV, 2eHomunuposaHue aupyca eempsiHol OCrbl, 2eHOMunuposa-
Hue VZV, cekseHuposaHue criedyrouego rnoKoneHusl, 8bICOKONMPou3800UmMeribHoe CeK8eHUposaHue

Amuyeckoe ymeepxdeHue. ViccnenoBaHue NpoBoAMNOCH Npu OGPOBONILHOM MHPOPMUPOBAHHOM COrflacuy nawu-
eHToB. MpoTokon nccnegoBaHus oaobpeH JlokanbHbiM aTu4eckum komutetom LUHUW Snngemumonorun PocnotpebHaz-
3opa (npotokon Ne 124 ot 24.05.2022).

UcmoyHuk (pUHaHCUpOSBHUﬂ. ABTOpr 3as9BNs0T 00 OTCYTCTBUU BHELLHEro CbI/IHaHCVIpOBaHVIﬂ npun nposegeHUn nc-
cnegoBaHuA.

KoHgbnnukm uHmepecoe. ABTOpbl AEKNapUpYyOT OTCYTCTBUE SIBHbIX U MOTEHLMATbHBIX KOH(IIMKTOB UHTEPECOB, CBSI-
3aHHbIX C NyGnuKaLmeit HacTosILLe CTaTbu.

Ans yumupoeaHus: Hagtoka M.W., NbiceHkos B.I., AmetamHoB M.P., MuwkuH A.A., AdonnHa H.M., Tnockupe-
Ba A.A., Muxeesa N.B., Xacuzos K.®., AkumkunH B.I". M3ydeHune reHeTn4eckoro pasHoobpasmns Bupyca BETPSHOM OCrbl
B OTAenbHbIX pernoHax Poccuickon ®egepaummn npu nOMOLLM BbICOKONPOU3BOAUTENBHOTO CeKBeHUPoBaHus. XKypHan
Mukpobuornozuu, anudemuonoauu u ummyHobuomnoeuu. 2023;100(5):267-275.

DOI: https://doi.org/10.36233/0372-9311-423

EDN: https://www.elibrary.ru/tkklhp

© Hagrtoka M.W., NbicenkoB B.I., ArnetamHoB M.P., MuwkuH A.A., AcdoHuHa H.M., Mnockupesa A.A., Muxeesa W.B., Xacdunsos K.®., AkumkuH B.I", 2023



KYPHAJ1 MUKPOBUOJIOTUN, SMTMAEMNONOTUU N UMMYHOBUOJOIMI. 2023; 100(5)

DOI: https://doi.org/10.36233/0372-9311-423

269

OPUTVHANbHbBIE NCCJTIEAOBAHNA

Introduction

Varicella-zoster virus (VZV) is a member of the
Alphaherpesvirinae subfamily, genus Varicellovirus,
of the family Herpesviridae. The characteristic prop-
erties of this subfamily representatives are a short re-
productive cycle, rapid propagation, and effective de-
struction of infected cells. VZV is able to replicate in
a limited range of host organisms, which includes only
cells of human and simian origin. The annual incidence
of varicella zoster (VZ) ranges from 13 to 16 cases per
1,000 people, with significant year-by-year variations.
In countries with temperate climates, the incidence of
VZ, depending on age, is the highest among children of
preschool (14 years) or primary school age (5-9 years)
and amounts to more than 100 cases per 1,000 children
a year. Thus, more than 90% of people become infect-
ed before adolescence, and only a small proportion of
adults (<5-10%) remain susceptible to the disease. In
the tropical climate, the exposure to infection occurs
on average at an older age, with a higher proportion of
infected cases among adults [1, 2].

VZV infection has a pronounced seasonal nature,
with peak incidence occurring in winter and spring,
with outbreaks occurring every 2—3 years. In developed
countries, 5 out of 1,000 patients with VZ are hospi-
talized, and 2-3 cases of the disease per 100,000 in-
fected people are fatal [2]. In the pre-vaccination era,
VZ was a ubiquitous childhood infection in temperate
countries. For example, in the United States, about 98%
of the population was seropositive for VZV by the age
of 20 years.

The first live attenuated vaccine (vOka) against
this pathogen was obtained in 1974 through a series of
passages of a wild-type clinical isolate of VZV (Oka).
Later, this vaccine was improved, resulting in the re-
lease of Varivax (Merck Sharp & Dohme Corp.) [3].
The live attenuated vaccine consists of a mixture of
different VZV genetic variants containing 42 single nu-
cleotide polymorphisms that distinguish vOka from the
parental wild-type Oka strain [2]. Due to the developed
vaccine and the introduction of mandatory vaccination
programs against VZV in different countries, hospital-
ization and mortality caused by VZ among children de-
creased by more than 90% [2, 3].

Varicella-zoster virus genome

Like all herpesviruses, VZV is a double-stranded
DNA virus and has a 125,000-bp genome containing
72 open reading frames (ORFs) comprising 71 genes.
Since the 3 genes are copies of other genes, the genome
contains 68 unique genes. The viral genome consists of
two main coding regions: unique long (U, ) and unique
short (Uy) ones. The U, region is flanked by short
(= 88 bp) inverted repeats TR, and IR , whereas the
U, region is flanked by long (7319 bp) TR, and IR re-
peats. Five regions of the genome contain tandem direct
repeats (R1, R2, R3, R4, and R5), which are short se-

quences with high G + C content [4, 5]. Three of these
repeated sequences (R1, R2, and R3) are located in the
coding region of the ORF 11, ORF14,and ORF22 genes,
respectively, and thus may influence protein functions.
Two copies of R4 are located within the IR and TR re-
peats adjacent to the replication origin point (OriS), and
RS5 is located between ORF60 and ORF61 [5].

VZV genotyping

Until 2008, there was no uniform nomenclature
for VZV typing. Early classification of VZV was based
on the results of restriction fragment length polymor-
phism (RFLP) assay. The RFLP markers involved in
these studies included the ORF38 (Pstl), ORF54 (Bgll),
and ORF62 (Smal) polymorphisms [6, 7]. Thus, most
wild-type strains from the United States and Europe
were characterized as PstI'Bgll; strains distributed in
Asia and Africa — as Bgll*; Oka-like wild-type strains
from Japan — as PstI"/PstI"Bgll*Smal~; vaccine strains
Oka — as PstI'Bgll*Smal™* [7, 8].

Attempts were made to identify VZV variants us-
ing complete genome screening for single nucleotide
substitutions by heteroduplex mobility. This approach
was used to evaluate substitutions in ORF1, ORF21,
ORF50, and ORF54, which allowed identifying 4
major clades (genetic variants), named A, B, C, and
J. Strains from Africa and Asia clustered in clade A,
whereas clades B and C were predominantly com-
posed of European strains. Subsequently, clade J was
added to this genotyping scheme to account for Japa-
nese strains [9, 10].

Another approach to genotyping is based on the
single nucleotide polymorphisms assay in the gene
sequences of 5 glycoproteins (gH, gl, gL, gB, gE), as
well as the main transactivator gene IE62. It allowed
classifying VZV strains into 4 clades: A, B, C, and D.
Clades A and D were represented by isolates selected
in North America and Europe, clades B and C consist-
ed of VZV representatives common in Singapore and
Japan, respectively [11, 12]. It should be noted that al-
though the nomenclature of the clades from this study is
much similar to the nomenclature used in the studies by
W. Barrett-Muir et al. [8, 9], it has no correlation be-
tween the considered typing methods.

More recent phylogenetic analyses including both
complete VZV genomes and their fragments have al-
lowed the attribution of genomic variations to specific
genetic variants and putatively recombinant viruses.
Applying multilocus analysis of polymorphisms in the
genomic sequences of VZV, 3 main genetic variants
(clades) were identified: E (European), J (Japanese),
and M (mosaic) [13]. Subsequently, the M genetic vari-
ant was divided into 4 separate variants: M1, M2, M3,
and M4 [13, 14]. Strains belonging to genetic variants
M1 and M2 were most common in tropical regions, ge-
netic variant E — in temperate latitudes, and genetic
variant J — in Japan. In some studies, a strain with the
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M3 genetic variant was found in the USA, and strains
with the M4 genetic variant were found in Spain and
France [14, 15].

Since the nomenclature of VZV clades/genetic
variants was based on various molecular typing meth-
ods, a new universal nomenclature was introduced in
2008, dividing the genetic variants into 5 major clades
(1-5) with 2 conditional (candidate) clades (VI and VII)
[16] Also, now, in order to isolate VZV into a separate
clade, the latter is required to include at least 2 repre-
sentatives for which complete genome sequences have
been obtained. Otherwise, such a clade is considered a
candidate and is designated by Roman numerals.

By sequencing whole genomes from clinical VZV
specimens collected in Germany, strains belonging to
clades 1, 3, and 5, as well as strains that did not be-
long to any known clade, were discovered. Therefore,
these representatives (1483/2005 and 457/2008) were
allocated to separate candidate clades — VIII and IX,
respectively [17]. Later, during the investigation of
recombination events between the representatives of
different VZV clades, a strain was found that grouped
together with the only representative of clade VI in the
phylogenetic tree. Thus, in 2015, candidate clade VI
was converted to major clade 6 [18]. In 2017, the pre-
viously used VZV genotyping scheme was improved,
which allowed identifying new representatives of can-
didate clade IX (one complete and one partial genome).
However, only one isolate belonging to this clade
(JN704710) was previously identified and described.
The availability of the complete genome sequence of
isolate KY037798 identified in this study met the re-
quirement for conversion of candidate clade IX to ma-
jor clade 9 [19].

As of today, VZV diversity is represented by
8 clades: 7 major clades (1-6 and 9) and 1 candidate
clade VIII; clade VII has become irrelevant due to the
lack of new isolates. The major VZV clades tend to be
geographically confined to specific regions. In partic-
ular, clades 1, 3, and 6 are mainly spread in Europe,
North America, and Australia, clade 2 — mainly in Asia.
Clades 4 and 5 tend to be spread in multiple regions
around the world; clade 5 is the only one reported to
circulate in Africa [20]. Despite the vast amount of in-
formation on VZV clades circulating around the world,
the distribution of VZV clades in Russia is not suffi-
ciently clarified. There is virtually no relevant informa-
tion on this subject in the scientific literature. In China's
northern Xinjiang region, which borders with Russia,
clades 1 and 3 are reported to be dominant [21].

As the first step towards obtaining reliable data
on representatives of various VZV clades circulating
in Russia, we have developed a specific primer panel
that allows VZV typing in accordance with the scheme
proposed by N.J. Jensen et al. [19]. The panel includes
6 pairs of primers covering short (about 200 bp) re-
gions of open reading frames: ORF21, ORF22, ORF
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29, ORF38, ORF55, ORF67, which contain 7 single
nucleotide substitutions, the unique compositions of
which make it possible to determine whether the vi-
rus belongs to one of the known clades. Thanks to the
modification of primers by fusing them with Nextera
adapter sequences along with the ability to sequence
the resulting DNA libraries on the Illumina platform
with reagent kits for short reads, it is possible to obtain
typing results within 48 hours. Thus, the developed
primer panel allows reducing financial and time costs
while simultaneously increasing the number of speci-
mens in one run of the device for high-throughput se-
quencing.

The solution that we developed, designed for rapid
screening of a large number of clinical specimens, was
tested on specimens from Moscow, Moscow Region,
and Stavropol Territory, which made it possible to con-
sider the representation of VZV in individual regions of
the Russian Federation as a first approximation.

Materials and Methods

VZV specimens

The study used 75 VZV specimens collected from
June 2022 to July 2023. Clinical specimens of virus-
es were obtained from patients mainly from Moscow
(61 specimens), as well as from the Moscow Region
(9 specimens) and Stavropol Territory (5 specimens).
Biological material was collected after obtaining the
voluntary consent of patients or their representatives.
The study was approved at a meeting of the Local
Ethics Committee of the Central Research Institute of
Epidemiology of Rospotrebnadzor on May 24, 2022
(Minutes No. 124).

Isolation of DNA and obtaining fragments
of VZV genomes

The viral DNA was extracted from clinical speci-
mens using a Ribo-PREP reagent kit (AmpliSens). The
resulting DNA was then used as a template for PCR in
order to amplify fragments of the VZV genome. Re-
gions of open reading frames (ORF21, ORF22, ORF
29, ORF38, ORF55, ORF67) containing discriminating
mutations, according to which it is possible to perform
VZV typing, were obtained using a developed set of
primers (Table 1) mixed into a pool (Table 2).

Amplification was carried out in 25 pl of reaction
mixture with the following composition: 10 pl PCR-
mix-2 blue (AmpliSens), 1.8 pul of 4.4 mM deoxynu-
cleoside triphosphate (AmpliSens), 1 ul of primer mix-
ture, 5 ul of DNA template; the reaction mixture was
brought to the required volume with H,O mQ. For am-
plification, the following time and temperature protocol
was applied: 95°C for 2 min; then 40 cycles: 95°C for
15 s, 60°C for 30 s, 72°C for 1 min; final elongation:
72°C for 3 min. The target fragments of VZV genomes
were identified by ethidium bromide fluorescence in
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1.7% agarose gel. The results of electrophoretic analy-
sis were visualized using GelDoc EZ (Bio-Rad).

Preparation of libraries for sequencing

The PCR product was purified from the reaction
mixture using AMPureXP beads (Beckman Coulter)
in a ratio of 1 : 0.8 (specimen : particles). The prim-
ers used to amplify VZV genome segments are modi-
fied by fusing them with Nextera adapters (Illumina),
resulting in the amplicons being flanked by specific
sequences that facilitate preparation of the libraries.
Barcoding was performed using 10 pl of PCR-mix-2
blue (AmpliSens), 1 pl of EvaGreen (Biotium) as a
fluorescent intercalating dye, 2 pl of each barcode
(5 pmol) and 8 pl of purified PCR product. The follow-
ing time and temperature protocol was used for barcod-

Table 1. List of primers used to amplify VZV genome fragments

ing: 98°C for 30 s; 12 cycles: 98°C for 10 s, 65°C for
1 min 15 s. The DNA concentration after barcoding
was measured on a Qubit 4.0 fluorimeter using the
Qubit dsDNA HS Assay Kit (Thermo Fisher Scien-
tific). The finished libraries were pooled and purified
using AMPureXP magnetic beads (Beckman Coulter).
The lengths of the finished libraries were identified
using a 2100 Bioanalyzer automated electrophoresis
system (Agilent Technologies).

Sequencing of VZV libraries

Sequencing was carried out on the [llumina MiSeq
platform using the MiSeq Reagent Kit v2 (300 cycles)
and MiSeq Reagent Kit v3 (600 cycles). At the same
time, less than 0.5% of the MiSeq run was allocated to
one specimen.

Primer Primer sequence with Nextera adapter sequence (5'—3')
VzZV_1_fwd TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGgcggttttaacttcacaatgtaat
VZV_1_rev GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGctcatctggacgaagcca
VZV_2.2_fwd TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGttacccacaagcacgtcag
VZV_2.2_rev GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGtcatcaaaccatgttaaccctc
VzV_3_fwd TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGaatatgttacggggacctttga
VZV_3 rev GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGcaaacaccccaataggttga
VzZV_4 fwd TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGgccatataccgcaacaactg
VZV_4 rev GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGcctcgccataaagcecactac
VzZV_5_fwd TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGccaccacggtggactatg
VZV_5 rev GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGgaggagaccgtacgcga
VZV_6_fwd TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCtttgatcttcaagggcgac
VZV_6_rev GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGcgctatagtttgtcccggt

Note. Capital letters indicate Nextera adapter sequences fused to primers (indicated in lower case letters).

Table 2. Composition of the mixture of primers for VZV typing

Primer Primer concentration in mix, pmol/ul Concentration after 2-fold dilution, pmol/uL
VzZV_1_fwd 10,7 5,35
VZV_1_rev 10,7 5,35
VzV_2.2_fwd 7,1 3,55
VZV_2.2_rev 71 3,55
VZV_3_fwd 10,7 5,35
VZV_3_rev 10,7 5,35
VZV_4_fwd 9,5 4,75
VZV_4_rev 9,5 4,75
VZV_5_fwd 7,1 3,55
VZV_5_rev 71 3,55
VZV_6_fwd 47 2,35
VZV_6_rev 47 2,35
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Determination of DNA sequences and genetic variants
of specimens

After receiving “raw” data from the device,
DNA reads were trimmed from the above-described
primer sequences using the fastp 0.23.0 software tool
[22]. Next, using bwa 0.7.17 [23], the reads were
aligned (“mapped”) to the reference sequence of vi-
rus NC 001348.1, sorted and indexed using samtools
1.15.1 [24]. The resulting alignments were presented
as draft genome assemblies using samtools 1.15.1 and
an in-house script, and then remapped using MAFFT
v7.490 [25] to obtain final assemblies (consensus se-
quences).

According to the above-mentioned nomenclature
of viral clades [19], successful genotyping needs only 7
positions, the combination of variations (single-nucleo-
tide substitutions) in which indicates a particular clade
(Table 3). The primers that we constructed (Table 1) are
designed to include these variations.

Results

The primer panel that we developed, described in
the previous section, covers short segments of 6 open
reading frames: ORF21, ORF22, ORF29, ORF38,
ORF55 and ORF67, which contain single-nucleotide
substitutions that are targets for VZV typing. Using this
panel, we sequenced clinical specimens of VZV ob-
tained from patients from Moscow, Moscow Region,
and Stavropol Territory. The resulting open reading
frame segment sequences were sequenced on an I[llumi-
na MiSeq device with an average coverage of approx-
imately 10*. The minimum coverage for each segment
was approximately 300 reads. Consensus sequences
were obtained by processing the raw sequencing data
using previously described publicly available bioin-
formatics tools and an in-house script. The assembled
consensus sequences were used as input to the deve-
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1.33% 1.33% 1.33%

17.33%
56.00%

22.67%

OClade 3 OClade 1
OClade 5 EClade 2
mClade 4 OClade 9
Representation of various clades of VZV in the Russian
Federation

loped algorithm that performs VZV genotyping based
on discriminatory mutations. Using this genotyping al-
gorithm, we found that 17 specimens (22.67% of the
total number of analyzed sequences) belonged to clade
1, 42 specimens (56%) belonged to clade 3 (Figure), 13
(17.33%) specimens belonged to clade 5. In addition,
among all sequenced specimens, we identified single
cases of infections caused by VZVs of clade 2 (1.4%),
4 (1.4%), and 9 (1.4%) (Figure).

Discussion

In this study, we developed and optimized a
technique for rapid typing of a large number of VZV

Table 3. The genotyping scheme proposed by N.J. Jensen et al. [19] (adapted)

Position in NC_001348.1 33725 37902 38055 52365 69424 98437 114639
ORF 21 22 22 29 38 55 67
Clade 1 A T C G T
Clade 2 C C G C T
Clade 3 Cc A
Clade 4 Cc A
Clade 5 C A
Clade 6 C A
Clade VIII C A
Clade 9 C A

Note. The least common “discriminatory” variants are highlighted in black.
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specimens. Moreover, using the described genotyping
protocol, we obtained primary data on the VZV clades
that have become widespread in Moscow, Moscow Re-
gion, and Stavropol Territory. Using next-generation
sequencing technologies, we found that in the regions
under consideration, viruses belonging to clades 1, 3,
and 5 have become widespread. Also, we found single
specimens belonging to clade 2, clade 4, and clade 9,
which, compared to other clades, are a minor part of
VZVs circulating in these regions of the Russian Fed-
eration. It is worth clarifying that the resulting picture
of the distribution of clades is the most plausible for
Moscow, since the largest number of clinical specimens
were obtained from this region of the Russian Federa-
tion. In the future, if appropriate, it is planned to both
increase the total number of specimens from the re-
gions considered in this study and include other regions
of Russia in the study.

At the moment, the data obtained as a result of
our study only allow us to assume a largely similar pic-
ture of the distribution of VZV representatives in the
studied regions of the Russian Federation and in Euro-
pean countries [20], and also correspond to the earlier
reported data on circulating VZV clades in the region of
China bordering Russia [21]. However, in the studied
regions, apparently, a significantly larger proportion is
occupied by viruses belonging to clade 3; in addition,
the percentage of representation of clade 5 viruses in

these regions of the Russian Federation is also higher
than in European countries.

Conclusion

VZV, the etiologic agent of varicella and herpes
zoster, is divided into several clades characterized by
distinct genetic properties. We have successfully used
next-generation sequencing technique to genotype
VZV, which includes a custom primer panel and ge-
notyping algorithm, an approach that can speed up the
data collection process and reduce specimen prepara-
tion costs, especially when increasing the number of
specimens per sequencing run. Using this methodology,
we found that VZV clades 1, 3, and 5 predominated in
Moscow, Moscow Region, and Stavropol Territory. The
identification of these VZV clades provides valuable
epidemiological data useful for shaping public health
strategies and lifts the veil off the prevalence of VZV
clades in some regions of the Russian Federation.

Note that this study is a “pilot” one and is most-
ly methodological in nature. It is also worth mention-
ing that in this study we demonstrated the prevalence
of VZV clades only for 3 of the many regions of the
Russian Federation, thus, the issue of the global repre-
sentation of various virus clades in our country remains
open, and therefore future research should be continued
and expanded in order to form a reliable picture of the
distribution of VZV clades in Russia..
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Analysis of production levels of InlA and InIB invasion factors
in Listeria monocytogenes isolates collected
in the Russian Federation

Egor V. Kalinin™, Yaroslava M. Chalenko, Polina V. Safarova,
Victoria A. Fedorova, Svetlana A. Ermolaeva

Gamaleya Research Center of Epidemiology and Microbiology, Moscow, Russia

Abstract

Background. Listeria monocytogenes is characterized by the presence of epidemic hypervirulent clones. A key
feature of L. monocytogenes is its capacity to invade non-professional phagocytic cells. Hypervirulent clones are
strongly associated with the increased production and/or the presence of certain isoforms of invasion factors InlA
and InilB.

The purpose of the study is to create a test system for InlA and InIB detection and to measure the InlA and InIB
production levels in L. monocytogenes isolates belonging to clonal groups with different virulence potential.
Materials and methods. The study was performed using 32 L. monocytogenes strains belonging to epidemic
clones ECII, ECIV, ECVII (clonal complexes CC1, CC2, CC7) and hypovirulent clonal complex CC9. Sequencing
of inlA and inIB genes was performed. The indirect enzyme-linked immunosorbent assay was used to analyze the
production levels of InlA and InIB proteins.

Results. The variability of InlA was revealed among strains belonging to the same clonal complex: 3 InlA isoforms
were identified among strains belonging to CC7; out of 8 strains belonging to CC9, one strain had a stop codon
in the inlA gene, leading to the loss of function of the InlA protein. The differences between in/B alleles correlated
with the specificity of strains belonging to a certain clonal complex. Differences in production levels of invasion
factors were measured. In strains belonging to CC9, the InlA production level was 2.5 times as low compared to
strains belonging to CC1, CC2, and CCY7. In strains belonging to phylogenetically related CC1 and CC2, the InIB
production level was on average 4 times as high compared to strains belonging to CC7 and CC9.

Conclusion. The obtained results confirm the variability of major invasion factors both among clonal complexes
and strains of the same complex. The increased production of invasion factors InlA and InIB correlates with the
potential virulence of strains.

Keywords: Listeria monocytogenes, InlA, InIB, enzyme-linked immunosorbent assay
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HayuHas cTatba
https://doi.org/10.36233/0372-9311-397

AHanus ypoBHsa npoaykuun ¢pakropos nieasuu inlA n IniB
y nsonaros Listeria monocytogenes, BbifeneHHbIX
Ha TeppuTopun Poccunckon Pepepauyun

KanuHuH E.B.%, YaneHko A.M., Cadapoa .B., Depoposa B.A., Epmonaesa C.A.

HauvoHanbHbIN nccnenoBaTenbCKuin LEHTP SNuaemMmmuonorim n mukpobuonoruv nmenn H.®. famanen, Mockea, Poccusa

AHHOMayus

AkTyanbHoCTb. Listeria monocytogenes xapakTepu3yeTcsi Harnm4ymem anuaeMmyYeckn BblCOKOBUPYIEHTHBIX KO-
HOB. /IHBa3uns B HenpodeccnoHarnbHble harounTbl — KYEBOM MOMEHT JIMCTEPUMO3HOM UHekumnn. Popmmpo-
BaHWe BbICOKOBUPYMNEHTHbIX KITOHOB 0BYCNOBMEHO MOBbILIEHHOW NPOAYKUMEN U/UMKM Hannunem onpeaenéHHbIX
nsogopm caktopos nHBasum 6enkos InlA u IniB.

Llenb uccnegoBaHust — cosgatb TecT-cuctemy ansa obHapyxenus InlA n InlB 1 Ha e€ 0CHOBE OLIEHUTb YPOBHMU
npoaykuun InlA n InlB y n3onatos L. monocytogenes, OTHOCALLMXCA K KIMOHamMbHbLIM rpynnamM ¢ pasnnyHbIM BUPY-
NEHTHBIM NOTEHLMATOM.

MaTtepuanbl 1 MeToAbl. B paboTe ncnonb3oBaHbl 32 wtamma L. monocytogenes, OTHOCALLMXCA K anngemmnye-
ckum knoHam ECII, ECIV, ECVII (knoHanbHble komnnekesl CC1, CC2, CC7) 1 runoBnpyneHTHOMY KIoHanbHOMY
komnnekcy CC9. NMpoBeaeHo cekBeHMpoBaHUe reHoB inlA v inlB. Ons aHanv3a ypoBHS npoaykummn 6enkos InlA n
InIB ncnonb3oBaH HENPSMON MMYHOEPMEHTHbIA aHanus.

Pesynbratbl. BeisBneHa BapuabenbHocTb InlA cpegu LWITaMMOB, OTHOCALUMXCA K OAHOMY KIOHaNbHOMY KOM-
nnekcy: B TOM 4ucne cpeau wrtaMmmoB, npuHagnexawmx k CC7, BoisneHbl 3 nsogopmsl InlA; n3 8 wrammos,
npyvHagnexatwmx k CC9, y ogHoro BbIsiBUNMN CTOM-KOAOH B reHe inlA, NpUBOAALLNIA K yTpaTe (OYHKLMOHANBHOCTH
6enka InlA. Pasnuuua mexagy annenamu inlB koppenupoBanu ¢ NPUHaANEXHOCTHbI0 LWTAMMOB K KOHKPETHOMY
KrNoHaneHOMY KOMMMEKCY. YCTaHOBMNEHb! pa3nunynsi B ypoBHE NPOAYKLUMM hakTOPOB MHBa3WUMK. Y LUTAMMOB, OTHO-
cawmxcsa k CC9, ypoBeHb npoaykuum InlA 6bin B 2,5 pasa HMKe N0 CpaBHEHMIO CO LUTAMMaMu, OTHOCSALLMMMCS
k CC1, CC2 n CC7. YpoBeHb npogykuun InIB 6bin B cpegHem B 4 pasa Bbille y LUTAMMOB, NpUHaanexamnx K
dunoreHeTnyeckun pogcteeHHsiM CC1 1 CC2, no cpaBHEHUIO CO WITamMamu, oTHocswmmmnes k CC7 n CC9.
3akntoyeHue. NonyyeHHble pesynbTaTbl CBMAETENLCTBYIOT O BapnabenbHOCTU OCHOBHbIX (haKTOpOB UHBa3WUu
Kak Mexay KroHanbHbIMW KOMMIIeKcamu, Tak U Mexay LWTammamu oaHOro komnnekca. NoBbileHHast NpoayKumus
dakTopoB uHBasuu InlA u InIB koppenupyeT ¢ noTeHUMarnbHON BUPYNEHTHOCTbIO LUTaMMOB.

KnroueBble cnoBa: Listeria monocytogenes, InlA, InIB, ummyHogbepmeHmHbIl aHanu3

Amuyeckoe ymeepxdeHue. ABTOpbI NOATBEPXKAAIOT COBMNoAEeHNE MHCTUTYLMOHANbHBIX U HaLMOHanbHbIX CTaHaap-
TOB MO UCMONb30BaHMI0 NabopaTopHbIX XMBOTHLIX B cootBeTcTBMM ¢ Consensus Author Guidelines for Animal Use
(IAVES, 23.07.2010). MNMpoTokon nccrnenosaHust ogobpeH 3Tn4eckmm kommteTom HaumoHanbHOro nccnegosaTenbeKo-
ro LeHTpa anMaemMuonorum u mukpobuonorum um. H.®. Mamanen (npotokon Ne 54 ot 24.07.2023).

HUcmoyHuk puHaHcupoeaHusi. Pabota nogaepxaHa rpaHtom PH® Ne 21-74-00105.
KoHgbnnukm unmepecos. ABTOpbI AeKNapupyoT OTCYTCTBME ABHBIX M MOTEHUMANbHbIX KOH(MMKTOB UHTEPECOB, CBS-
3aHHbIX C Nybnvkaumen HacTosLLen cTaTbu.

Ansi yumupoeanusi: KanunnH E.B., YaneHko A.M., Cadaposa 1.B., ®egoposa B.A., Epmonaesa C.A. AHanu3 ypos-
HS npoaykumn daktopos nHBasum InlA u InIB y nsonstos Listeria monocytogenes, BblAeneHHbIX Ha TeppuTtopun Poc-
cumckon ®epepaumnn. XKypHan mukpobuonoauu, anudemuonoauu u ummyHobuonoauu. 2023;100(5):276—-286.
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Introduction

Listeria monocytogenes causes a dangerous
foodborne infection with a high (around 30%) mortal-
ity rate in high-risk individuals as well as in domestic
and wild animals [1, 2]. The genetic structure of the L.
monocytogenes species is divided into 4 phylogenetic
lineages [3].

Phylogenetic lineage I includes clonal complexes
(CCs) CCl1, CC2, CC4, and CC6 most frequently as-
sociated with listeriosis in humans [4]. Using different
methods, CC1 and CC2 strains were assigned to epi-
demic clones ECII and ECIV, respectively, which were
involved in large listeriosis outbreaks in different coun-
tries, including Russia. In Europe and the United States,
the strains isolated from clinical cases are mostly repre-
sented by CC1 strains accounting for 11.4% [5].

Until 1980, in Russia, lineage II strains isolated
from human and animal listeriosis cases as well as from
natural sources prevailed; most of them belonged to
CC7 (also known as epidemic clone ECVII) [6]. CC7
strains still prevail in natural foci in the European part
of Russia; they are also frequently isolated from spo-
radic cases of listeriosis in humans and animals [7].
Lineage II CC9 strains are often isolated from food
and environmental sources; they are also well repre-
sented in Russia [7]. In the infectious disease pathol-
ogy classification in Europe and North America, CC7
strains are assigned to medium virulent strains, while
clonal complex CC9 is considered low virulent [8].
The difference in the occurrence frequency among
clinical isolates and, consequently, the difference in
the potential virulence of strains belonging to differ-
ent CCs and/or phylogenetic lineages are associated
by multiple researchers with the presence of addition-
al virulence factors [9], allelic variation of virulence
factors [10], and their expression levels [11].

The initial stage of infection starts with the interac-
tion between Listeria and non-professional phagocytes,
involving proteins belonging to the internalin family
— InlA and InlB, which promote the L. monocytogenes
invasion of intestinal enterocytes and epithelial cells
through an interaction with target receptors. E-cadherin
is a specific receptor for InlA. InlB specifically inter-
acts with two receptors: c-Met and gC1qg-R [12]. The
presence of functional InlA is sufficient for invasion in-
to enterocytes [13]; the entry into hepatocytes requires
InIB [14], and the coordinated action of InlA and InlB
mediates the crossing of the placental barrier [15].

Sequencing is performed to identify allelic varia-
tion of inl4 and in/B genes. The study results show that
clinical strains and, most importantly, strains causing
fetal and neonatal infections express full-length InlA
more often than strains of food origin. Truncated In-
1A was detected in most of the hypovirulent CC9 and
CC121 isolates [16] and in other clonal complexes of
phylogenetic lineage II (for example, CC331, CC199,
and CC321) [4].

ORIGINAL RESEARCHES

Earlier it was found that clinical and food isolates
differed in inl4 and in/B gene expression levels [11].
The expression of key pathogenicity factors is activated
during cell infection and depends on transcriptional reg-
ulator PrfA. L. monocytogenes has an extensive cross-
talk system between o® and PrfA regulatory networks,
providing optimal expression of genes required in ex-
trahost environments, including repression of genes
associated with virulence. Conversely, in intrahost en-
vironments, this regulatory network provides elevated
expression of genes associated with virulence, enabling
successful invasion [17]. The PrfA activity decreases
when L. monocytogenes is grown in rich media. Hy-
drophobic adsorbents included in the culture medium
activate PrfA and induce enhanced activity of virulence
factor genes [18]. However, the mechanisms regulating
production levels of the respective proteins-pathoge-
nicity factors remain unknown.

Various techniques are used to detect and measure
levels of protein expression, including enzyme activity
assays and immunoblotting. Enzyme activity measure-
ment cannot be used if proteins are not biocatalysts.
Immunoblotting is a labor-intensive process unsuitable
for testing large sample sizes. A test system based on
the enzyme-linked immunosorbent assay (ELISA) was
developed as an alternative method for the qualitative
and quantitative assessment of InlA and InIB. Using
this ELISA test system, we assessed L. monocytogenes
isolates from the collection of the Gamaleya Research
Center of Epidemiology and Microbiology (Gamaleya
RCEM) for InlA and InlB expression levels and their
correlation with the phylogenetic status of the strains.

Materials and methods

Bacterial strains and bacteria culturing conditions

The study was performed using Listeria spp.
strains from the collection of Gamaleya RCEM (Ta-
ble 1). Microorganisms were grown in a BHI liquid me-
dium (Becton Dickinson) at 37°C with constant shaking
at 180 rpm. PrfA was activated by supplementing the
BHI broth with 1% (w/v) Amberlite XAD 4 hydropho-
bic adsorbent (Sigma-Aldrich).

PCR analysis

The collection-derived L. monocytogenes isolates
were lysed with lysozyme ata concentration of 20 pg/ml
for 1 hour at 37°C; then, the lysates were treated with
proteinase K at a concentration of 25 pg/ml at 56°C
for 1 hour. The obtained samples were boiled in a
water bath for 10 min. The amplification of in/4 and
inlB genes was performed in a Tertsik thermal cy-
cler (DNA-Technology) using TransStart Taqg DNA
Polymerase (TransGen): stage 1 (1 cycle): 94°C —
4 min; stage 2 (30 cycles): 94°C — 30 sec, 52°C —
30 sec, 72°C — 2 min; stage 3 (1 cycle): 72°C — 10
min. Primers were selected using the Ugene v. 40.1
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Table 1. Listeria spp. strains used in the study

Strain Characteristics Source Reference
L. monocytogenes
EGDe CC9 Type strain BIGSdb ID = 1
EGDeAinIB inlB deletion Kindly provided by Prof. J. Vazquez-Boland
EGDeAinlIA inlA deletion
VIMHA004 CC2 Newborn BIGSdb ID = 3449
VIMHA007 CC2 Newborn BIGSdb ID = 3450
VIMHA006 CcC2 Newborn BIGSdb ID = 3606
VIMHA009 CC1 Newborn BIGSdb ID = 3452
VIMHAO11 CC1 Newborn BIGSdb ID = 3454
VIMHAO010 CC1 Newborn BIGSdb ID = 3453
VIMHAO012 CC1 Newborn BIGSdb ID = 3607
VIMHAO17 CC1 Newborn BIGSdb ID = 3609
L.mo25 CC1 Chicken BIGSdb ID = 79358
L.mo70 CC8 Chicken BIGSdb ID = 78808
L.mo78 CC37 Chicken BIGSdb ID = 79363
VIMPHO006 CC7 Carrier BIGSdb ID = 3464
L.mo71 CC59 Chicken BIGSdb ID = 78809
GIMC2010:LmcUH8 CC7 Carrier BIGSdb ID = 42978
GIMC2032:LmcINH-1 CcC7 Carrier BIGSdb ID = 45728
GIMC2007:LmcIH1_3 CC7 Carrier BIGSdb ID = 42975
766 CC7 Swine BIGSdb ID = 5803
VIMPR134 CC7 Rodent BIGSdb ID = 3459
VIMPR422 CC7 Rodent BIGSdb ID = 3460
VIMPA064 CC7 Newborn BIGSdb ID = 3455
L.mo84 CC37 Meat BIGSdb ID = 79367
L.mo49 CC9 Chicken BIGSdb ID = 79359
L.mo129/3 CC9 Dairy products BIGSdb ID = 78797
L.mo75 CC9 BIGSdb ID = 79362
GIMC2035:Lmc7218 CC9 Fish BIGSdb ID = 45731
GIMC2017: Lmc921 CC9 Meat BIGSdb ID = 42987
L.mo98-20 CC9 Dairy products BIGSdb ID = 78795
LO28 CC9 Type strain BIGSdb ID = 3364
L. ivanovii
ATCC 19119 Type strain American Type Culture

Collection

software and synthesized by the Syntol Company.
For the inlA4 gene, the primers were as follows: InlAl
5’-ggttgaaaagtatactagtagc-3’; InlA2 5’-ggaagatatt-
agcccaatttc-3°, for the InlB gene: InIBF 5’-gcttatg-
gatcctataattcaaaagaag, InIBR 5’-gaaaagctgcagaaaatc-
cgeette. Gel electrophoresis was used for detecting
amplification products. Target DNA fragments were
purified using a Dia-gene kit (Dia-M).

Sequencing

Samples were prepared for sequencing following
the recommendations of the Genome Shared Resource
Center. The DNA sequencing was performed using an
ABI PRISM BigDye Terminator v. 3.1 reagent kit; the
reaction products were analyzed using an automated
sequencer — Applied Biosystems 3730 DNA Analy-
zer. To identify gene sequences, the following primers
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Fig. 1. 96-well plate and test results.

were used: InlA1 5’-ggttgaaaagtatactagtagc-3’; InlA2
5’-ggaagatattagcccaatttc-3’;  InlA-R  5’-cttcttttgaat-
tataggatccataagce-3’, InlA3 5’-ccaatatcccgggaaaage-
tat-3°,  5’-gcttatggatcctataattcaaaagaag-3°,  InlBR
5’-gaaaagctgcagaaaatcegecttc-3’  InlB1  5°-gaagcag-
gatcccggataactgecac-3’, InlB2 5’-atagcgggttaagttgact-
gc-3°. The nucleotide sequences were analyzed using
the Ugene v. 40.1 software and the BigSdb-Pasteur da-
tabase'.

Production of polyclonal monospecific antibodies
against InlA and InlB

Rabbits were immunized with purified recombi-
nant InlA and InlB proteins, as previously described
[19]. The work with laboratory animals was performed
in compliance with ethical principles. The research
protocol was approved by the Ethics Committee of the
Gamaleya Research Centre of Epidmiology and Micro-
biology (protocol No. 54, July 24, 2023).

The globulin fraction of hyperimmune sera was
precipitated by adding a saturated (NH,),SO, solution
(Ruskhim). The precipitate containing IgG was dis-
solved in 0.01 M Na-phosphate buffer (pH 6.5) and di-
alyzed against the same buffer. The obtained solution
was passed through a DEAE Sephadex A-50 column
and the IgG fraction was collected in the void volume.
The affinity column was used to separate antibodies
against the respective recombinant InlA and InlB pro-
teins immobilized on an activated BrCN Sepharose
(GE Healthcare). The fraction obtained from the DEAE
chromatography was washed with 0.3 M NaCl and elut-
ed with 4.5 M MgCl, (Ruskhim). The obtained samples
were dialyzed against phosphate-buffered saline (Sig-
ma-Aldrich), pooled, mixed with glycerol to a concen-
tration of 50% and stored at —20°C.

Western blot analysis of L. monocytogenes lysates

Cell wall proteins were obtained from an over-
night culture grown in a BHI broth supplemented with
1% Amberlite XAD-4. The lysates were separated by
SDS-PAGE in a 10% gel under Laemmli denaturing
conditions and transferred onto a 0.45 um pore-size
nitrocellulose membrane (Bio-Rad). The nitrocellulose

! URL: https://bigsdb.pasteur.fr/listeria

membranes were incubated with obtained antibodies
against InlA or InlB, respectively, at 1:10000 dilution
for 1 hour. Then, the membranes were washed 3 times
with TTBS buffer (Bio-Rad) and anti-rabbit IgG sec-
ondary antibodies (at 1:20000 dilution) were added.
The target InlA and InIB proteins were visualized on the
membrane using the TMB substrate (Thermo Fisher Sci-
entific). GAPDH antibodies were used to control protein
loading (at 1:1000 dilution (Thermo Fisher Scientific).

Indirect enzyme-linked immunosorbent assay

Bacterial cells were grown in a BHI medium for
24 hours; then, they were centrifuged and washed three
times with phosphate-buffered saline. The obtained
samples reached an optical density of OD,, = 0.2. To
verify that the number of cells has not changed, the cell
cultures were seeded in an agar medium. The wells
of a 96-well plate were coated with aliquots contain-
ing 100 pl of the respective tested L. monocytogenes
strains. The plates were incubated at 37°C for 1 hour;
then, they were washed three times with Tris-buffered
saline containing 0.05% Tween 20 (TTBS) (Ruskh-
im); the unoccupied sites in the wells were blocked by
adding 200 pl of 2% bovine serum albumin (Dia-M)
diluted in phosphate-buffered saline for 30 min. Upon
completion of the incubation, the blocking buffer was
removed and 100 pl of anti-InIB or anti-InlA antibodies
were added at 1:4000 dilution in TTBS and incubated
for 1 hour at room temperature with continuous shaking
at 140 rpm. Then, the wells were washed three times
with TTBS and 100 pl of secondary antibodies (goat
anti-rabbit IgG antibodies conjugated to horseradish
peroxidase, Bio-Rad), were added to TTBS. Then, the
plates were washed 6 times with 250 ul of TTBS and
developed by adding 100 pl of TMB substrate. To stop
the reaction, 100 ul of 2 M H,SO, (Ruskhim) was used.
The optical density was measured at the wavelength of
450 nm using an iMark spectrophotometer (BioRad).
The InlA and InlB concentration was measured using
the calibration curve (Fig. 1).

Statistical analysis
All tests were repeated at least 3 times. The statis-
tical analysis included one-way ANOVA and Tukey's
test. Values of p < 0.05 were considered statistically
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significant.
Results

Analysis of the occurrence frequency of isolates
deposited in the BigSdb-Pasteur database depending
on the phylogenetic status and the region of isolation

A total of 111 isolates collected in Russia from
farm animals and humans infected with L. monocyto-
genes have been deposited in the BigSdb-Pasteur data-
base. Out of them, 83 isolates were collected in 1958-
2019 by researchers of the Somov Research Institute
of Epidemiology and Microbiology, the Federal Re-
search Center of Virology and Microbiology, Gamaleya
RCEM and the State Scientific Center for Applied Mi-
crobiology and Biotechnology, using clinical materials
collected from stillborn infants with perinatal listerio-
sis, from pregnant women without clinical signs of in-
fection, and from samples collected from patients with
neurolisteriosis and lung tissue lesions. The analysis of
the database showed that human listeriosis cases were
mostly caused by strains belonging to CC7 (phyloge-
netic lineage II), CC1, and CC2 (phylogenetic lineage
I) accounting for 16, 11, and 8% of the isolates, respec-
tively. Isolates belonging to CC9 (phylogenetic lineage
II) accounted for 2% (Fig. 2).

Then, we analyzed the distribution with reference
to CCs for isolates collected in Europe (excluding coun-
tries of the former Soviet Union) from clinical material
of patients with listeriosis. A total of 747 isolates were
deposited in the database. Note that 723 isolates rep-
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resent the same clonal complexes that are identified in
Russia. However, the percentage of some CCs among
clinical isolates collected in Europe differed from those
in Russia. Most of the European isolates belonged to
CC1, CC6, and CC2 (23, 15, and 14%, respectively).

Assessment of the inlA and inIB diversity among
L. monocytogenes isolates originated from Russia,
Gamaleya RCEM collection

The database analysis showed that among phylo-
genetic lineage Il strains prevailing in Russia, strains
belonging to CC7 are more common among clinical
isolates compared to strains belonging to CC9. To gain
an insight into mechanisms responsible for these differ-
ences, we sequenced inl4 and inlB genes of 32 strains
belonging to the above CCs identified in Russia.

Among the strains belonging to CC7, we identi-
fied 3 inlA allelic variants; 15 strains had allele 2 of the
inl4 gene, which was presented in the BigSdb-Pasteur
database. However, in 2 strains, inlA differed from the
alleles deposited in the above database. The detected
mutations were nonsynonymous, thus suggesting that
substitutions may be of functional significance. The
VIMPAO064 isolate contained 1 nonsynonymous substi-
tution leading to the substitution of glutamine at posi-
tion 364 for proline in the internalin domain involved
in the protein-protein interaction with the E-cadherin
eukaryotic receptor. VIMPHO006 contained 3 nonsynon-
ymous substitutions at positions 618, 620, and 621 (pro-
line, lysine, and glutamine instead of alanine, glutamine,
and serine) outside the internalin domain. None of the

C
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Fig. 2. CC occurrence frequency among L. monocytogenes strains from the ListiList database (Institut Pasteur, France),
for Russia, countries of Europe and North America.
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alleles of CC7 strains contained premature stop codons.

Among 9 strains belonging to CC9, 1 strain had a
stop codon in the inl4 gene. The stop codon was located
outside the internalin domain; however, it prevented the
synthesis of the full-length protein and, specifically, the
binding of the protein to the bacterial surface, which is
essential for the functional activity of InlA as an inva-
sion factor. The other 8 CC9 strains encoded the full-
length in/A allele 1 variant. The data on sequences of
inlA genes are available in the GenBank database under
accession numbers OQ865090-0Q865119.

The inlB gene sequencing in 32 strains did not re-
veal any specific features within the clonal complexes.
Allele 2 was identified for strains belonging to CC7,
and allele 1 was identified for CC9 strains.

Thus, the analysis of inl4 and in/B sequences
showed that strains belonging to CC7 and CC9 were
characterized by intraclonal variability of in/4, while
inlB was conserved for all strains belonging to a spe-
cific clone. The alleles identified among highly virulent
CC7 strains encoded different InlA isoforms, thus sug-
gesting that there may be differences in their interac-
tion with the target receptor on the surface of human
cells. The variant encoded by the alternative inlA4 allele,
which was identified among CC9 strains rarely found
among clinical isolates, encoded a nonfunctional trun-
cated protein.

Expression levels of the L. monocytogenes InIB
pathogenicity factor in strains CC1, CC2, CC7, and CC9

Two ELISA-based test systems were designed to
assess the correlation between the production levels of
invasion factors InlA and InlB and the occurrence fre-
quency of strains belonging to the above CCs among
clinical isolates. The protein concentration was mea-
sured using calibration curves from 5 to 1000 ng/ml.
Recombinant InlA and InlB were used as reference
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standards (Fig. 3).

The PrfA regulator controls the transcription of
both genes encoding InlA and InlB proteins [12]. When
L. monocytogenes are grown in nutrient media, the Pr-
fA activity increases in the presence of hydrophobic ad-
sorbents (activated carbon or Amberlite XAD4), reach-
ing levels typically demonstrated by bacteria during
infection [18]. To analyze changes in the invasin levels
depending on the PrfA status, we measured InlA and
InIB levels without activation and with activation of the
PrfA regulon, depending on the presence of the Am-
berlite XAD4 adsorbent in the medium. Without PrfA
activation, the InlA level in L. monocytogenes strains
ranged from 5 to 65 ng/ml (Fig. 4). On average, the
strains belonging to CC1, CC2, and CC7 demonstrated
higher InlA levels compared to the strains belonging to
CC9 (53.5 £ 5.3 ng/ml compared to 21.1 = 3.2 ng/ml;
p <0.05). The L.mo0129-3 strain belonging to CC9 was
an exception, demonstrating the level comparable with
CCl1, CC2, CC7 strains (59.1 £ 1.5 ng/ml).

The medium supplemented with the Amberlite
XAD4 adsorbent and the resulting activation of PrfA
led to increased InlA concentration in all strains by 31%
on average. In some strains the concentration reached
the highest levels: VIMHAO017 (CC1) — 99 ng/ml, VI-
MHAO007 (CC2) — 93 ng/ml, L.mo71 — 107 ng/ml
(CC7), L.mo129-3 (CC9) — 90 ng/ml.

Among the strains, InlB levels ranged from 15
to 958 ng/ml without activation of the PrfA regulon
(Fig. 5). On average, the concentration in CC1 and CC2
strains was 740.5 ng/ml, being significantly higher than
in CC7 and CC9 strains (209.5 and 177.9 ng/ml, re-
spectively). However, compared to InlA, the InIB level
in L.mo129-3 strain did not reach values typical of CC1
and CC2 strains and was twice as low (p < 0.05).

When PrfA was activated, the InlB concentration
reached the highest levels of 1,353 ng/ml for CC1 and

6|b
1 2 3 4 5

Fig. 3. Immunoblot of Listeria spp. cell lysates.

a — monospecific antibodies against InlA; b — monospecific antibodies against InIB. 7 — L. monocytogenes EGDe AinlA;
2 — L. ivanovii ATCC 19119; 3 — L. monocytogenes EGDe (CC9); 4 — L. monocytogenes EGDe AinlB;
5 — L. monocytogenes L.mo49 (CC9).
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CC2 strains, 917 ng/ml — for CC7 strains, 835 ng/ml —
for CC9 strains. The highest InlB levels were demon-
strated by CC7 strains (a 3.29-fold increase compared
to the levels without activation). In the strains belong-
ing to CC9 and phylogenetic lineage 1 (CC1, CC2), the
InIB levels increased 2.93 and 1.54 times, respectively,
in the presence of the adsorbent.

Discussion

In L. monocytogenes, like in most of the other
pathogenic bacteria, clonal groups and lineages differ in
their virulence potential [20, 21]. For example, phylo-
genetic lineage Il strains are frequently associated with
food products, while phylogenetic lineage I strains are
commonly found in clinical isolates. However, the dis-
tribution among sources is different even within phylo-
genetic lineages. For example, phylogenetic lineage 11
strains belonging to CC7 are more frequently isolated
from clinical samples than strains belonging to CC9
[20]. The underlying causes of this heterogeneity must
be identified to understand the mechanisms of evolu-
tion and development of highly virulent strains.

In some pathogenic bacteria such as enteropatho-
genic Yersinia, the differences in virulence are associat-
ed with the presence of additional pathogenicity factors,
which can be located on plasmids and mobile genetic
elements [22]. The search of additional pathogenicity
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factors in L. monocytogenes strains belonging to clon-
al complex CC1 resulted in the discovery of LLS bac-
teriocin, which, presumably allows Listeria to survive
longer in the presence of normal microbiota, though it
is not a true pathogenicity factor and is absent in other
highly virulent strains belonging to other CCs [23].

We have proposed an alternative hypothesis on the
role of variability of major pathogenicity factors as the
main mechanism responsible for development of highly
virulent L. monocytogenes strains and other sapronotic
pathogens [24]. Natural InlB isoforms differ from each
other both in the kinetics of activation of intracellular
signaling pathways and in the binding constant to their
target receptors c-Met and gC1qR [25, 26]. Strains that
differed only in the InIB isoform differed in their abil-
ity to support gastrointestinal infection in mouse-like
rodents, while InlB isoforms were responsible for dif-
ferent invasion of these strains into animal epithelial
cells (sheep kidney cells, shKEC) [10]. In our study,
we demonstrated the variability of another invasion
factor — the InlA protein among strains belonging to
phylogenetic lineage II CCs: CC7 and CC9. Among the
analyzed strains, we identified one strain with a non-
functional InlA protein, thus demonstrating a relatively
insignificant role of CC9 in the clinical spread of liste-
riosis and being consistent with the findings of other
researchers [27].

OInlA +Amb

LWrammebl | Strains

Fig. 4. Levels of InlA isolates belonging to different CCs.

The InlA concentration was measured using the new ELISA test system. Bacteria were grown in a BHI medium without and with the addition
of 1% Amberlite XADA4.



284

JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2023; 100(5)

DOI: https://doi.org/10.36233/0372-9311-397

1600 -

= nIB

1400 -

1200 H

1000 +

800 -

600 -

C InIB, Hr/mn | C InIB, ng/ml

400 +

200 H

0 -

ORIGINAL RESEARCHES

OIniB +Amb

R S S CRERNIRN O R D AN o > A0 B N D D ok
T LS IR P F DA ’\,{bgﬂv’\,\‘lﬁb,\q}&&w%%

Q NN
\alIR\ SR\ o\ Sl S\ S\ SaN S
S

LWrammel | Strains

Fig. 5. Levels of InIB isolates belonging to different CCs.

The InlA concentration was measured using the new ELISA test system. Bacteria were grown in a BHI medium
with and without 1% Amberlite XAD4.

The production level of major pathogenicity fac-
tors can be seen as another mechanism playing a sig-
nificant role in the virulence potential of a strain [11].
It was previously found that the InlB production level
affects the interaction of L. monocytogenes with mac-
rophages [28]. In L. monocytogenes, the production of
pathogenicity factors is controlled by the PrfA protein,
which lacks activity in the growth environment outside
the host (low temperature, presence of plant sugars and
hydrophobic peptides) [22]. This regulatory mecha-
nism is justified, as it eliminates the redundancy of the
synthesis of pathogenicity factors for sapronotic patho-
gens, when they exist in the abiotic environment. At the
same time, high production levels of factors required
for crossing the intestinal epithelial barrier should have
a positive effect on bacterial virulence. Following this
hypothesis, this study demonstrated that the produc-
tion level of the InIB invasion factor without PrfA ac-
tivation was 4 times as high in phylogenetic lineage I
strains (CC1 and CC2) compared to phylogenetic lin-
eage Il strains (CC7, CC9). The InlA production levels,
without and with PrfA activation, in CC1, CC2, CC7

isolates were higher than the levels in CC9 isolates.
This is consistent with the fact that CC1, CC2, CC7
are most often found in clinical samples in Russia. In
CC9 strains, which are most common for food prod-
ucts, the InlA level was 2.5 times as low, except for the
L.mo129-3 strain, which demonstrated levels similar to
those observed in CC1 and CC2. Thus, our study has
shown that strains highly virulent for humans are char-
acterized not only by specific isoforms, but also by in-
creased production of InlA and InlB. Our findings con-
firm the results obtained by other researchers who have
found that clinical isolates differ from food isolates in
inlA expression levels [11].

Conclusion

In total, our findings are consistent with the epi-
demiological monitoring data and demonstrate possible
mechanisms of the formation of L. monocytogenes CCs
with different virulence potentials. The obtained results
are of fundamental importance; they can also serve as a
basis for classifying newly collected isolates into viru-
lent and hypovirulent clones.
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Characteristics of antibiotic resistance of non-typhoidal
Salmonella circulating in the Russian Federation
in the period from 2019 to 2022

Anastasia S. Pavlova™, Konstantin V. Kuleshov, Natalia E. Krutova,
Anna N. Guseva, Alexandr T. Podkolzin

Central Research Institute of Epidemiology, Moscow, Russia

Abstract

Introduction. Non-typhoidal Salmonella make a significant contribution to the incidence of enteric infections and
are characterized by an increasing proportion of strains resistant to antimicrobial agents (AMAs), including the
first choice antibiotics (cephalosporins Il and fluoroquinolones).

The purpose of the study is to assess the phenotypic resistance of Salmonella to various classes of AMAs and
determine the relationship between the phenotypic resistance, serotype, source of isolation and nature of incidence.
Materials and methods. We studied 752 representative strains of Salmonella of 2494 strains isolated from
various sources (clinical samples, food products, environment) received from 59 regions of Russia in the period
from 2019 to 2022. The phenotypic resistance to 22 antibiotics of 11 CLSI classes of AMAs was assessed by
broth microdilution method (minimum inhibitory concentration). The diversity of resistance profiles of Salmonella
serotypes was compared using the Shannon index.

Results. The dominant position in terms of isolation frequency is occupied by the serotypes Salmonella Enteritidis,
S. Infantis, S. Muenchen, S. Typhimurium, S. Bovismorbificans, which accounted for 64.4% of the studied
strains. 543 (72.2%) strains showed resistance to at least one of the tested antibiotics; 193 (25.7%) strains were
characterized by multidrug resistance phenotype (MDR). Resistance to AMA classes was characterized by the
following distribution: quinolones (61.3%), tetracyclines (28.1%), penicillins (19.1%), B-lactam combination agents
(18.6%), folate pathway antagonists (16, 5%), phenicols (10.1%), aminoglycosides (5.6%), cephems (4.7%),
monobactams (4.4%), lipopeptides (3.9%). No penem-resistant strains have been identified. The features of
Salmonella resistance by AMA classes are shown to depend on the sources of isolation, the Salmonella serotype
and the nature of the incidence (outbreak and sporadic).

Conclusions. Monitoring of phenotypic antibiotic resistance is an important tool for epidemiological surveillance
in order to prevent the spread of bacterial resistance to AMAs.

Keywords: phenotypic resistance, Salmonella enterica, antibiotics, Salmonella serotypes, sources of isolation
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XapakTepuctnka aHTUOMOTUKOPE3NCTEHTHOCTH
HeTNPONAHDbIX CANIbMOHEN, LUPKYNPYIOWNX

Ha TeppuTopun Poccninckon Oegepauun

B nepuop c 2019 no 2022 rop

Maenoa A.C.*, Kynewos K.B., KpytoBa H.E., l'yceBa A.H., Mogkon3uH A.T.

U,EHTpaJ'IbeIVI HayLIHO-I/ICCHEJJ,OBaTETIbCKI/II;I WHCTUTYT snngeMmmonormnmn Pocn0Tpe6Ha,q3opa, MockBsa, Poccnsa

AHHOMauus

BBegeHue. HetudounaHble canbMoHenNnbl BHOCAT 3HAYMTENbHbIA BKNag B 3a00neBaeMoCTb KULLEYHBIMU WH-
eKUNSMN N XapaKTEpPU3YIOTCA BO3pacTaHWEM [OMM LUTAMMOB, PE3NCTEHTHbIX K aHTUMWKPOOHbIM npenapa-
Tam (AMI1), B TOM Yncne kK CoBpeMeHHbIM npenapartam Bbibopa (uedanocnoputs Il n GTOPXMHONOHSI).

Lenb paboTtbl — oueHka heHOTUNMYECKON Pe3UCTEHTHOCTM carnbMOHeN K pasnuyHbiM knaccam AMIT n onpe-
AeneHne cBs3n Mexagy heHOTUNMYECKOW Pe3NCTEHTHOCTBIO, CEPOTUMOM, UCTOYHMKOM M30MSLUM U XapaKTepoMm
3abonesaemocTu.

MaTepuanbl 1 meToAabl. ViccnegoBaHbl 752 HENOBTOPSAOLLMXCS WTaMMa canbMoHenn n3 2494 wtammoB, Bbl-
OENeHHbIX N3 PasfUYHbIX MCTOYHMKOB (KNMHWUYECKUIA MaTepuarn, nuieBble NpoayKThl, OKpyXatLas cpeaa), no-
ctynuBlimnx n3 59 pernoHos Poccum B nepuoa ¢ 2019 no 2022 r. deHoTUNMYeckas pe3nCTEHTHOCTb K 22 aH-
TMbuotnkam m3 11 CLSI-knaccos AMI1 oueHeHa METOAOM CEPUNHBLIX pa3BefeHun B OBynboHe (MUHUManbHas
noaaensALLas KoHUeHTpaums). NpoBeaeHo cpaBHeHWE pa3HOoOpa3nst Npodunent pe3nCTEHTHOCTM CEPOTMINOB
canbMOHeNN ¢ Ucnonb3oBaHuem nHaekca LleHHoHa.

Pe3ynbTraTbl. [JOMUHMUPYIOLLEE MONOXEHME MO YacToTe U3onauMmn 3aHumatloT cepotunel Salmonella Enteritidis,
S. Infantis, S. Muenchen, S. Typhimurium, S. Bovismorbificans, Ha koTopble npuxogunocb 64,4% wccnenoBaH-
HbIX LUTaMMOB. YCTOMYMBOCTb MO MEHbLUEW Mepe K OOHOMY U3 TeCTUpyemblX aHTMBMOTMKOB npossnanv 543
(72,2%) wtamma, MHOXeCTBEHHOW NleKapCTBEHHOW YCTOWYMBOCTbLIO XapakTepusosanuce 193 (25,7%) wramma.
PeancTteHTHOCTb K knaccam AMIT xapakTepusoBanacbh cregyrolmm pacnpegeneHnem: XMHonoHsl (61,3%), te-
TpaumknuHbl (28,1%), nennumnnuHbl (19,1%), B-naktamHble kombrHupoBaHHble npenapatsl (18,6%), aHTaro-
HUCTbl ponatHoro nyTu (16,5%), pennkonsl (10,1%), amuHornukosuapl (5,6%), uedemsl (4,7%), MoHOGaKkTaMbl
(4,4%), nunonentugbl (3,9%). Pe3nCTEeHTHbIX LUTAMMOB K NeHemMaMm He BbisiBNeHo. lNoka3aHbl 0cOBeHHOCTH pean-
CTEHTHOCTM canbMoHenn no knaccam AMIT B 3aBMCMMOCTM OT MCTOYHMKOB BblAEMNEHUS, CEpoTMNa CanbMOHEN u
XxapakTepa 3aborneBaemocTu (rpynmnosas 1 cnopaguyeckas).

BbiBoabl. MOHUTOPUHT (DEHOTUNMYECKOW aHTUBNOTUKOPEINCTEHTHOCTU SABNSAETCH BaXKHbIM UHCTPYMEHTOM 3MK-
AEMMONOrM4ecKoro Haasopa B Lensax npounakT1ku pacnpocTpaHeHns pesucTeHTHocTy 6aktepuin k AMIT.

KnroueBble cnoBa: ¢eHomunuyeckasi pesucmeHmHocms, Salmonella enterica, aHmubuomuku, cepomuribl
caslbMOHe/1, UCMOYHUKU 8bIOeneHus

Amuyeckoe ymeepxdeHue. ViccnenoBaHue NpoBoAMIoCh Npu O6POBOSILHOM MHOPMUPOBAHHOM corflacuy nauu-
eHToB. lMpoTokon nccnegoBaHusa ogodpeH Atuveckum komutetom LIHUW Snupgemumonorun PocnotpebHaasopa (npo-
Tokon Ne 83 ot 26.06.2018).

HUcmouHuk puHaHcupoeaHusi. ABTOPbI 3a8BNSIIOT 06 OTCYTCTBUM BHELUHEro (PUHAHCUPOBAHWS NPU NPOBEAEHUMN UC-
crepoBaHus.

Konghnnukm uHmepecos. ABTOpPbI AeKnapupyoT OTCYTCTBME SIBHbIX U NOTEHLUManbHbIX KOHIMKTOB MHTEPeCcoB, CBSA-
3aHHbIX C Nybnukaumen HacTosLLEen cTaTbu.

Ana yumupoeaHus: Maenosa A.C., Kynewos K.B., KpytoBa H.E., l'yceBa A.H., MogkonsuH A.T. XapakrtepucTuka
aHTUBMOTUKOPE3UCTEHTHOCTM HETUAOUAHBIX CaNbMOHENI, LMPKYNMpYOLLMX Ha TeppuTtopun Poccuiickon ®egepauum
B nepuog ¢ 2019 no 2022 roa. XKypHan mukpobuomnoauu, anudemuonoauu u ummyHobuonoauu. 2023;100(5):287-301.
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Introduction

Non-typhoidal strains of Salmonella enterica
subsp. enterica (hereafter referred to as non-typhoidal
Salmonella) make a significant contribution to the in-
cidence of enteric infections in the world [1, 2]. These
strains of Salmonella is responsible for 99% of cases
of salmonellosis in humans and animals and remains
relevant in the formation of outbreak incidence, rank-
ing 3rd (after acute intestinal infection of viral etiolo-
gy) by the number outbreaks with the fecal-oral chain
of transmission of the infection'. Despite the down-
ward trend in the incidence in recent years, salmonel-
losis is still the most frequently reported foodborne
zoonosis in Russia. According to the dynamics of in-
cidence in Russia from 2019 to 2021, the incidence
rate decreased 1.8 times and amounted to 13.61 per
100 thousand population, while in 2022 it was 17.1 per
100 thousand population'.

Uncomplicated salmonellosis, as a rule, does not
require antibacterial therapy, but it is indicated for the
treatment of invasive and severe forms, as well as patients
of high-risk groups? (infants, elderly people and patients
with weakened immune systems) [3, 4]. For a long time,
the commonly used antimicrobial agents (AMASs) were
chloramphenicol, ampicillin, and trimethoprim-sulfa-
methoxazole [5, 6], but in recent years, resistance to
these AMAs has increased significantly [7].

Currently, the recommended the first choice anti-
biotics in the treatment of severe and generalized forms
of salmonellosis are third-generation cephalosporins
and fluoroquinolones®,®. These AMAs are included in
the list of mandatory monitoring for Sa/monella ac-
cording to the guidelines of the World Health Organi-
zation. The percentage of ciprofloxacin-resistant Sal-
monella strains isolated from humans increased from
12.0% in 2017 to 19.7% in 2020, according to the latest
report from the Global Antimicrobial Resistance and
Use Surveillance System (GLASS).’ At the same time,
the percentage of detection of extended-spectrum -lac-
tamase-producing strains, although remaining at a low
level, tends to increase [8].

Monitoring of circulating strains and determina-
tion of their AMA resistance profiles are necessary to
better understand the epidemiological situation, deve-
lop national strategies to eradicate resistant strains,

' On the state of sanitary and epidemiological well-being of the

population in the Russian Federation in 2022: State report.
Moscow; 2023.
2 Plumb 1., Fields P., Bruce B.B. Salmonellosis (Non-typhoidal).
CDC Yellow Book; 2024. Travel-Related Infectious Diseases.
URL: https://wwwnc.cdc.gov/travel/yellowbook/2020/travel-
related-infectious-diseases/salmonellosis-nonOtyphoidal (access
date 7/9/2023).
Clinical guidelines. Salmonellosis in adults. M.; 2021.
* The WHO Essential Medicines List Antibiotic Book: improving
antibiotic AWaReness (Draft for consultation). Geneva; 2022.
Global antimicrobial resistance and use surveillance system
(GLASS) report 2022. Geneva; 2022.

and develop preventive measures to avoid the forma-
tion of reservoirs of infection. At the same time, the
organization of monitoring should be based on the
One Health principle, which engage close interaction
and coordination of different areas. In particular, the
organization of monitoring of the phenotypic and mo-
lecular genetic characteristics of Salmonella both in
the human population and in different branches of ag-
riculture, which is especially important to ensure food
safety [9].

Comparative analysis of data on antibiotic bacteri-
al resistance of Sa/monella obtained in Russia in differ-
ent years involves certain difficulties. One of the main
reasons is continuously changing interpretation criteria
and methodological approaches to testing for antibi-
otic bacterial resistance. These changes are occurring
around the world, making it difficult to conduct an ob-
jective analysis [10]. According to previous studies, the
percentage of non-typhoidal Salmonella strains resis-
tant to various AMA classes varied significantly across
different regions of Russia in different years. Resistance
to aminoglycosides was shown by 1-2% to 53.1% of
strains, to quinolones — from 0.0% to 59.2%, to pen-
icillins — from 26.4% to 42.0% [11-14]. Another im-
portant factor is the limited number of studies in Russia
reflecting a comprehensive analysis of the phenotypic
resistance of non-typhoidal Salmonella strains in terms
of the diversity of sources and geography of isolation,
as well as the serotype diversity.

The purpose of this study was to assess the phe-
notypic resistance of Sa/monella to various AMA class-
es and to determine the relationship between the pheno-
typic resistance and such parameters as serotype, iso-
lation source and the nature of the incidence (outbreak
and sporadic) at which the strains were isolated.

Materials and Methods

Selection of isolates and microbiological studies

In 2019-2022, 2494 strains of non-typhoidal Sa/-
monella isolated in 59 regions of Russia from vari-
ous sources were studied. Among them, 1355 isolates
were obtained during the investigation of 113 cases of
outbreak incidence of salmonellosis from people and
suspected infection transmission factors (food and en-
vironment), 1139 isolates were obtained in single cases
of salmonellosis from food and the environment.The
study was conducted with the informed consent of the
patients. The research protocol was approved by the
Ethics Committee of the Central Research Institute of
Epidemiology (protocol No. 83, June 26, 2018).

The studied strains were preliminary cultured to
obtain individual colonies on MacConkey medium
(CONDA Pronadisa). The species identity was estab-
lished using biochemical identification systems API®
20E (bioMérieux).



290

JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2023; 100(5)

DOI: https://doi.org/10.36233/0372-9311-451

Serological identification

Serological identification of Sa/monella was car-
ried out using standardized methods according to the
Kaufman—White classification scheme with diagnos-
tic polyclonal sera (PETSAL) and monoclonal sera
(Sifin).

Genetic typing

Genetic typing was carried out according to the
international standardized protocol using restriction en-
zymes Xbal and Blnl [15].

Determination of phenotypic resistance

Among all analyzed strains (n = 2494), 1522 iso-
lates (61.0%; 95% confidence interval (CI) 59.1-62.9)
were determined to be susceptible to AMAs (729 strains
from loci of outbreak incidence and 793 from spora-
dic cases of detecting Salmonella) by broth microdilu-
tion method with determining the minimum inhibitory
concentration of the antibiotic on plates G-I and G-II
Mikrolatest®SensiLaTest MIC (Erba Lachema). Esche-
richia coli strain (ATCC 25922) was used as a control
strain. The spectrum of AMAs by class, according to
the Clinical and Laboratory Standards Institute (CLSI)
classification®, included:

* penicillins: ampicillin, piperacillin;

* B-lactam combination agents: ampicillin/sulbac-

tam, piperacillin/tazobactam,;

» cephems: cefazolin, cefuroxime, cefotaxime,

ceftazidime, cefepime;

* monobactams: aztreonam;

* penems: meropenem, ertapenem;

» aminoglycosides:  gentamicin,

amikacin, tobramycin;

* lipopeptides: colistin;

» folate pathway antagonists: trimethoprim/sulfa-

methoxazole;

* quinolones: ciprofloxacin;

* phenicols: chloramphenicol;

» tetracyclines: tetracycline, tigecycline.

The results of susceptibility tests were interpret-
ed in accordance with the current European Committee
on Antibiotic Susceptibility Testing criteria (EUCAST
v. 13.0). If a strain showed resistance to at least one an-
tibiotic of a certain class, then the strain was considered
resistant to this class.

Due to the lack of interpretation of the minimum
inhibitory concentrations of cefazolin, cefuroxime,
netilmicin, and tigecycline for Salmonella spp., da-
ta on these AMAs were not taken into account in the
study. The interpretation for tetracycline and chlor-
amphenicol was assessed using epidemiological cut-

netilmicin,

¢ Clinical and Laboratory Standards Institute (CLSI). Performance
Standards for Antimicrobial Susceptibility Testing. 31% ed. CLSI
supplement M100 Clinical and Laboratory Standards Institute,
USA, 2021.

ORIGINAL RESEARCHES

off values (ECOFF). In addition, following the World
Health Organization recommendations, the ECOFF
value of >8 pg/ml was established for colistin when
testing Salmonella strains belonging to the serotypes
S. Enteritidis and S. Dublin’.

Strategy for identifying of representative strains
and assessing the diversity of resistance profiles

Representative strains were those strains that were
characterized by a unique combination of such charac-
teristics as serotype, isolation date, isolation site, isola-
tion source, AMA resistance profile, and genetic sub-
type. Each event of outbreak incidence, regardless of
the isolation source, was represented by one strain or
several strains, if strains differing in one or more char-
acteristics were identified within the outbreak. If there
was no genetic subtype for a strain, it was not taken into
account in the spectrum of characteristics.

To analyze the diversity of resistance profiles of
Salmonella spp., we used the Shannon diversity index
(H). The significance of the difference in Shannon in-
dex values (p-level of significance) between two groups
of strains, each of which was characterized by a set of
resistance profiles with certain frequencies of occur-
rence, was assessed using modified parametric Stu-
dent’s t-test — Hutcheson’s t-test [16].

The 95% CI for the proportion of detected strains
according to various criteria was calculated using the
BinomCI function according to the Wilson method
using the DescTools library package of the R software.

Results

Patterns and characteristics of resistance
of Salmonella circulating in Russia

Among 1522 isolates tested for antibiotic suscep-
tibility in 2019-2022, 752 representative strains be-
longing to 69 serotypes were selected. Of these, 153
strains belonged to loci of outbreak incidence and in-
cluded Salmonella strains isolated both from people
(n = 121) and from suspected sources (n = 32), and
599 strains were from sporadic cases of salmonellosis
(Table1). Sporadic strains were divided into three groups
according to isolation sources: sporadic incidence —
strains isolated from humans (n = 270), from food
(n = 239) and the enviromental samples — from vari-
ous water bodies and wastewater (n = 90).

543 (72.2%) strains were resistant to at least one
of the tested antibiotics, and 193 (25.7%) strains were
characterized by multidrug resistance (MDR). The ma-
jority of strains with the MDR phenotype (n = 120) were
resistant to 4—6 AMA classes, and 6 strains were char-
acterized by the maximum spectrum of resistance —
10 AMA classes out of 11 tested (see Supplemen-

7 Integrated Surveillance of Antimicrobial Resistance in Foodborne
Bacteria: Application of a One Health Approach. Geneva; 2017.



KYPHAJ1 MUKPOBUOJIOTUN, SMTMAEMNONOTUU N UMMYHOBUOJOIMI. 2023; 100(5)

DOI: https://doi.org/10.36233/0372-9311-451

291

OPUTVHANbHbBIE NCCJTIEAOBAHNA

Table 1. Distribution of S. enterica serotypes in outbreaks and in sporadic cases of Salmonella isolation

Serotype (number of outbreaks) Number of strains Percentage of strains, % 95% ClI
Outbreak cases
S. Enteritidis (103) 138 90,2 84,4-93,9
S. Abony (2) 5 3,3 1,4-7,4
S. Typhimurium (2) 3 1,9 0,6-5,6
S. Muenchen (2) 2 1,3 0,3-4,6
S. Bareilly (1) 2 1,3 0,3-4,6
S. Infantis (1) 1 0,7 0,1-3,6
S. Stanley (1) 1 0,7 0,1-3,6
S. Braenderup (1) 1 0,7 0,1-3,6
Bcero | Total 153 100
Sporadic cases of Salmonella strains isolation
Sporadic incidence (n = 270)
S. Enteritidis 55 20,4 16,0-25,6
S. Muenchen 34 12,6 9,2-17,1
S. Typhimurium 17 6,3 4,0-9,9
Opyrue cepotunel | Other serotypes 164 60,7 54,8-66,4
Food (n = 239)
S. Infantis 95 39,7 33,8-46,1
S. Enteritidis 39 16,3 12,2-21,5
S. Typhimurium 11 4,6 2,6-8,1
Opyrue cepotunel | Other serotypes 94 39,3 33,4-45,6
Environment (n = 90)

S. Infantis 13 14,4 8,6-23,2
S. Typhimurium 11 12,2 7,0-20,6
S. Bovismorbificans 10 11,1 6,1-19,3
Opyrue cepotunel | Other serotypes 56 62,2 51,9-71,5
Total 599
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tary file in online version on the journal’s website,
DOI: https://doi.org/10.36233/0372-9311-451-1).

The percentage of resistant strains of the en-
tire collection of studied Salmonella to certain AMA
classes was characterized by the following distribu-
tion: 61.3% (95% CI 57.8—64.7) of the studied strains
showed phenotypic resistance to quinolones, 28.1%
(95% CI 25.0-31.4) — to tetracyclines, 19.1% (95%
CI 16.5-22.1) — to penicillins, 18.6% (95% CI 16.0—
21. 6) — to B-lactam combination agents, 16.5% (95%
CI 14.0-19.3) — to folate pathway antagonists, 10.1%
(95% CI 8.2—-12.5) — to phenicols, 5.6% (95% CI 4.2—
7.5) — to aminoglycosides, 4.7% (95% CI 3.5-6.6)—
to cephems, 4.4% (95% CI 3.1- 6.1) — to monobact-
ams, 3.9% (95% CI 2.8-5.6) — to lipopeptides. No
penem-resistant strains have been identified.

Strains (n = 153) from 113 loci of outbreak inci-
dence of salmonellosis were distributed as follows: in
2019 — 53; in 2020 — 15; in 2021 — 17; in 2022 —
28. 77 (68.1%) outbreaks were characterized by only 1
representative strain. In other cases, 2—4 representative
strains were found in the outbreak. The leading sero-
type in outbreaks was S. Enteritidis (n = 138). In turn,
serotypes S. Typhimurium, S. Infantis, S. Muenchen,
S. Abony, S. Stanley, S. Braenderup, and S. Bareilly were

ORIGINAL RESEARCHES

related to single cases. The largest proportion (67.3%;
95% CI 59.5-74.2) of strains showed resistance to
1-2 AMA classes (Fig. 1). Strains susceptible to all tested
AMASs accounted for 28.1% (95% CI 21.6-35.7), while
the proportion of MDR strains was only 4.6% (95% CI
2.2-9.1)

Isolates obtained from humans as well as from
other sources, not associated with cases of outbreak in-
cidence of salmonellosis according to epidemiological
data, were represented by 599 strains. Each isolation
source had its own dominant serotypes. Among spo-
radic cases, S. Enteritidis was predominant (20.4%;
95% CI 16.0-25.6), for food and environment — S. In-
fantis (39.7%; 95% CI 33.8-46.1 and 14.4%; 95% CI
8.6-23.2). At the same time, S. Typhimurium was also
among the frequently occurring serotypes (Table 1).

It should be noted that among the strains with spo-
radic incidence and those isolated from the environment,
there were approximately equal proportions of those
susceptible to AMAs (35.2%; 95% CI 29.7-41.1 and
40%; 95% CI 30.5-50.3), resistant to 1-2 AMA classes
(38.1%; 95% CI 32.6-44.1 and 34.4%; 95% CI 25.4—
44.7) and strains with an MDR profile (26.7%; 95% CI
21.7-32.2 and 25.6%; 95% CI 17.7-35.4). Salmonella
isolated from food had the highest proportion of MDR

Susceptible Resistant to 1-2 AMA classes
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Fig. 1. The proportion of resistant Salmonella strains (indicating 95% ClI), isolated from various sources and susceptible
to all AMAs, resistant to 1-2 AMA classes, resistant to 3 or more AMA classes (MDR).
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Fig. 2. Distribution of Shannon diversity indices (indicating 95% CI) for Salmonella serotypes not associated
with outbreaks and with the largest number of resistance profiles.

* — slightly different in diversity (p > 0.05); *** — significant difference (p < 0.05).

phenotypes (38.1%; 95% CI 32.6—44.1) and the lowest
proportion (14.6%; 95% CI 10.7-19. 7) of susceptible
strains in comparison with other sources (Fig. 1). In ad-
dition, strains not associated with outbreak incidence
were characterized by a high diversity of antibiotic
resistance profiles. We identified 85 different profiles.
Frequently occurring serotypes had the largest number
of profiles: S. Enteritidis (n = 11), S. Infantis (n = 31),
S. Muenchen (n = 10), S. Typhimurium (n = 14), and
S. Bovismorbificans (n = 11).

Comparison of Shannon diversity indices (H)
based on antibiotic resistance profiles of frequently oc-
curring Salmonella serotypes not related to outbreak
incidence, and evaluation of the significance of differ-
ences showed that the diversity in S. Infantis strains
was significantly higher than in S. Typhimurium strains
(p < 0.05; Fig. 2). At the same time, S. Typhimurium
did not differ from S. Bovismorbificans in the diversity
of resistance profiles (p > 0.05), but had a significantly
(p < 0.05) higher diversity than S. Muenchen. The di-
versity for S. Bovismorbificans showed a slight dif-
ference from S. Muenchen (p > 0.05), but was signifi-
cantly (p < 0.05) higher compared to the diversity of
S. Enteritidis. However, S. Muenchen and S. Enteritidis
did not differ by diversity (p > 0.05). Thus, S. Infantis
had the highest diversity of antibiotic resistance profiles
(H=2.89; 95% CI 2.70-3.08) compared with other se-
rotypes. However, S. Enteritidis had the lowest diversi-
ty (H = 1.24; 95% CI 1.01-1.46), despite ranking 2nd
by the number of strains isolated from sporadic cases,
along with S. Muenchen.

Comparative evaluation of phenotypic resistance
of Salmonella strains to AMA classes, isolated from
various sources

Strains from all sources were characterized by
low resistance to aminoglycosides, lipopeptides, and
phenicols, while a significant proportion of strains were
characterized by high rates of resistance to quinolones
(Fig. 3).

Analyzing the frequency of identified resistant
strains among various isolation sources relative to certain
AMA classes, it can be seen that the proportion of strains
resistant to penicillins, B-lactam combination agents,
cephems, monobactams, folate pathway antagonists,
and tetracyclines was significantly higher or, in case of
cephems and monobactams, was found only in the group
of sources: “sporadic cases”, “food”, “environment” in
comparison with strains from outbreak cases (Fig. 3).

The highest rate of resistance to tetracyclines
(49.0%; 95% C1 42.7-55.3) was associated with strains
isolated from food products.

The proportion of strains resistant to quinolones
and associated with outbreak incidence (68.0%; 95%
CI1 60.2-74.8) and food products (73.6%; 95% CI1 67.7—
78.8) was higher compared to other sources.

Comparative evaluation of phenotypic resistance to
AMA classes and serotype diversity of Salmonella

Analysis of resistance to AMA classes of strains
belonging to the most common Salmonella serotypes
revealed the prevalence of resistant strains among the
S. Typhimurium and S. Bovismorbificans serotypes. In
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Fig. 3. Proportion of resistant Salmonella strains (indicating 95% ClI) to different classes of antimicrobial agents from different
isolation sources.

particular, the proportion of strains resistant to penicil-
lins was 57.1 and 93.9%, and to B-lactam combination
agents — 57.1 and 87.9%, respectively. At the same
time, the proportion of strains resistant to folate path-
way antagonists and tetracyclines in S. Bovismorbifi-
cans was at a high level (90.9%; 95% CI 76.4-96.9),
and significantly exceeded similar indicators compared
to S. Typhimurium (9.5%; 95% CI 3.8-22.1 and 47.6%;
95% CI 33.4-62.3, respectively; Fig. 4).

S. Infantis strains differed from other serotypes
by their high resistance to quinolones (92.4%; 95% CI
86.2-96.0) and phenicols (24.4%; 95% CI 17.5-32.8),
and also showed increased resistance to folate pathway
antagonists (45.4%; 95% CI 36.7-54.3) and tetracy-
clines (76.5%; 95% CI 68.1-83.2).

It should be noted that a significant proportion of
strains of all serotypes showed resistance to quinolones
and were divided into 3 groups according to the degree
of resistance to this AMA class. The first group with the
highest proportion of resistant strains included S. Infan-

tis. The second group included S. Enteritidis (70.0%;
95% CI 63.9-75.4) and S. Muenchen (78.0%; 95% CI
64.8-87.2), among which the proportion of resistant
strains was significantly higher than for the third group,
which included S. Typhimurium (38.1%; 95% CI 25.0—
53.2), S. Bovismorbificans (33.3%; 95% CI 19.8— 50.4),
and other serotypes (43.7%; 95% CI 37.8-49.6).

The resistance of strains of all analyzed serotypes
to cephems, monobactams, and lipopeptides did not ex-
ceed 10%. The proportion of strains resistant to ami-
noglycosides also remained low, less than 10% , and
only for S. Infantis (16.8%; 95% CI 11.2-24.5) and
S. Bovismorbificans (12.1%; 95% CI 4.8-27.3) this in-
dicator was higher.

Comparison of the diversity of resistance profiles
of S. Enteritidis strains isolated from outbreaks
and from clinical specimens of sporadic cases

The number of resistance profiles for S. Enteriti-
dis strains isolated from outbreaks (n = 7) was slight-
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Fig. 4. Proportion of resistant strains of the most common Salmonella serotypes (indicating 95% CI) to AMA classes.

ly lower than for sporadic incidence (n = 9; Fig. 5).
Moreover, all S. Enteritidis strains were characterized
by high resistance to quinolones (70.0%; 95% CI 63.9—
75.4) and resistance to other AMA classes at a level
below 5% (Fig. 4). Only 27.5% (95% CI 22.2-33.5)
were sensitive to all antibiotics tested. Comparison of
Shannon diversity indices between groups of S. Enter-
itidis strains isolated from outbreaks (H = 0.98; 95%
CI 0.81-1.15) and in sporadic incidence (H = 1.33;
95% CI 1.03-1.62), showed a significant difference
(» < 0.05) and a predominance of resistance profiles
in the diversity in the case of sporadic incidence
(Table 2).

Discussion

Monitoring of phenotypic antibiotic bacterial re-
sistance is an important tool for epidemiological sur-

veillance in the fight against the increase in bacterial re-
sistance to AMAs throughout the world, which is aimed
at obtaining information about the dynamics of changes
in the phenotypic characteristics of socially significant
pathogens and developing comprehensive measures to
address this issue. Based on an extensive collection of
strains, we attempted to characterize in the presented
studies the resistance of non-typhoidal Salmonella cir-
culating in Russia in recent years.

It is necessary to pay attention to the fact that, in
order to create a collection of strains for evaluating an-
tibiotic bacterial resistance, we formed a collection of
representative Salmonella strains, which, in contrast to
a study based on all strains allows us to avoid miscon-
ceptions about the detection frequency of a particular
resistance profile and obtain objective data. Similar ap-
proaches were used before in other studies [17, 18].
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Table 2. The number of Salmonella strains of a certain AMA
resistance profile for the compared groups

Resistance profile Number of strains

Outbreak cases

Susceptible 35
Ciprofloxacin 90
Ampicillin, ampicillin/sulbactam, ciprofloxacin, 1

chloramphenicol

Ciprofloxacin, chloramphenicol, tetracycline 5
Chloramphenicol, tetracycline 2
Colistin, ciprofloxacin 4
Tobramycin, ciprofloxacin 1
Total 138

Sporadic cases

Susceptible 20
Ciprofloxacin 26
Ampicillin, ampicillin/sulbactam, piperacillin, 2

cefotaxime, ceftazidime, cefepime,
aztreonam, ciprofloxacin

Ampicillin, ampicillin/sulbactam, piperacillin, 1
cefotaxime, ceftazidime, cefepime, aztreonam

Ampicillin, ampicillin/sulbactam, piperacillin, 1
trimethoprim/sulfamethoxazole, ciprofloxacin,
tetracycline

Ampicillin, ampicillin/sulbactam, piperacillin, 1
trimethoprim/sulfamethoxazole

Ciprofloxacin, chloramphenicol 2
Chloramphenicol, tetracycline 1
Tobramycin, ciprofloxacin 1
Total 55

An assessment of the serotype diversity of Sal-
monella and phenotypic resistance to AMA classes
showed that the dominant position in terms of isolation
frequency was occupied by serotypes S. Enteritidis,
S. Infantis, S. Muenchen, S. Typhimurium, S. Bovis-
morbificans, which accounted for 64.4% of the studied
strains. S. Enteritidis strains predominated in the spo-
radic incidence, and S. Infantis — in food products and
environment. In the meantime, S. Typhimurium ranked
3rd by detection frequency in various sources.

The comparison of the levels of resistance to the
main AMA classes of the entire collection of strains in
our study with the results of previous studies showed

ORIGINAL RESEARCHES

a similar picture. According to S.A. Egorova et al., in
St. Petersburg and the Leningrad region in 2014-2018
the percentage of resistant strains of non-typhoidal Sa/-
monella averaged 78.6%, and that of strains resistant
to quinolones was 63.3% [10], which correlates with
the results of our study (72.2 and 61.3%, respectively).
At the same time, the proportion of strains resistant to
cephems was almost 2 times lower: 1.6% versus 4.7%.
Interestingly, the proportion of identified strains with an
MDR phenotype was also 2 times lower — 13.0% ver-
sus 25.7% in our study, which may be due to differences
in the sample of strains relative to the isolation sourc-
es. The detection frequency of Salmonella strains with
the MDR phenotype in the European Union (28.6%)
is close to our average data for the entire collection of
strains [19]. According to the report of the National An-
timicrobial Resistance Monitoring System for Enteric
Bacteria (NARMS),? the proportion of clinical strains
with the MDR phenotype among non-typhoidal Sa/mo-
nella in the United States was 9.3% in 2018, which is 2
times higher compared to the proportion of strains with
MDR, which belonged to outbreak incidence (4.6%) in
our study, but is almost 3 times lower when compared
with strains found in sporadic incidence (26.7%). The
proportion of clinically resistant strains to certain AMA
classes, such as quinolones and cephems, identified in
the USA was 8.5 and 3.5%, respectively; in our study,
these figures corresponded to 68.0 and 0.0% for strains
with outbreak incidence, and 51.1 and 7.0% for spo-
radic cases of disease. The significant discrepancy in
quinolone resistance is explained, among other things,
by differences in the interpretation criteria of CLSI and
EUCAST.

The comparative analysis of Salmonella strains
from different sources made it possible to identify a
number of patterns. Resistance levels to many AMA
classes (penicillins, B-lactam combination agents, fo-
late pathway antagonists, and tetracyclines) were higher
in strains not associated with outbreak incidence. This
observation is consistent with earlier studies showing
that the acquisition of resistance, particularly through
horizontal genes transfer, can reduce the adaptiveness
and competitiveness of the microorgamisms (fitness of
bacteria) having a detrimental effect on the vital physi-
ological processes of the bacterium [20, 21]. Based on
our data, this may manifest in a decrease in the virulent
properties of Salmonella and, as a consequence, a de-
crease in the epidemic potential.

The highest percentage of tetracycline-resistant
strains was found in food products, and environmental
strains had the highest frequency of lipopeptide resis-
tance. The only AMA class to which resistance man-
ifested at a high level across different sources were

8 Centers for Disease Control and Prevention. National Antimicro-
bial Resistance Monitoring System for Enteric Bacteria
(NARMS): human isolates final report, 2019. Atlanta; 2023.
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quinolones. The high frequency of quinolone-resistant
Salmonella strains among various sources can be ex-
plained by the widespread use of this group of AMAs in
animal husbandry. The chemical stability of this group
of antibiotics and their ability to accumulate in vari-
ous environmental objects in low concentrations leads
to the emergence and selection of antibiotic-resistant
forms of bacteria most effectively [22, 23]. Moreover,
chromosomal mutations associated with intermedi-
ate-level quinolone resistance in S. Enteritidis do not
affect the adaptiveness level of the microorganism [24].

In our study, the percentages of susceptible and
resistant strains from sporadic incidence and environ-
mental sources (samples from water bodies and waste-
water) were similar, but these isolation sources differed
significantly in the diversity of dominant serotypes. Ac-
cording to data published earlier [25, 26], despite the
leading position of S. Enteritidis among clinical isolates,
this serotype was rarely found in wastewater specimens,
while S. Infantis was the dominant serotype in terms of
isolation frequency. The data obtained may indicate poor
survival rate of S. Enteritidis strains in the environment
compared to other serotypes. If we consider the ratio of
strains resistant to AMA classes for these isolation sourc-
es, we can see that resistance to quinolones, penicillins,
B-lactam combination agents and tetracyclines remained
at approximately the same level. However, strains iso-
lated from the environment were more resistant to lipo-
peptides and folate pathway antagonists.

It is noteworthy that the highest percentage of
resistant Salmonella strains, including MDR, are as-
sociated with food. A significant contribution to the
resistance to AMAs for this source was made by S.
Infantis strains with their dominant resistance to quino-
lones (92.4%), tetracyclines (76.5%), folate pathway
antagonists (45.4%), phenicols (24.4 %), penicillins
(23.5%) and B-lactam combination agents (23.5%).
In addition, this serotype had the highest percentage
of strains resistant to third-generation cephalosporins
(9.2%), which may indicate the production of p-lact-
amases. The spread of S. Infantis clones with the MDR
phenotype is recorded throughout the world [27-29].
According to NARMS, between 2018 and 2019, the
number of MDR Salmonella isolates obtained from
chicken meat product samples increased from 22%
to 29%, while the percentage of MDR isolates from
retail chicken meat increased from 20% to 32%°.
A significant contribution to the increase in the spectrum
of resistance was made by an increase in the number of
detected isolates of S. Infantis with the MDR pheno-
type, which may be a consequence of the use of AMAs

° Centers for Disease Control and Prevention. National Antimic-
robial Resistance Monitoring System for Enteric Bacteria
(NARMS): human isolates final report, 2019. Atlanta; 2023.
URL: https://www.fda.gov/animal-veterinary/national-
antimicrobial-resistance-monitoring-system/2019-narms-update-
integrated-report-summary (nara obpamenus 07.09.2023)

such as ampicillin, co-trimoxazole, chloramphenicol,
and tetracycline in human and veterinary medicine [11,
30, 31]. The resistance of Salmonella strains isolated
from food products to penicillins and tetracyclines in
our study (26.8 and 49.0%, respectively) correlates with
the data from the European Food Safety Authority (EF-
SA) [32], in which the resistance of Salmonella strains
isolated from broiler and turkey carcasses to ampicillin
and tetracycline reached 18.8-19.1 and 48.1-50.3%,
respectively.

The analysis of the data obtained allowed identify-
ing the resistance features of clinical strains of Sa/mo-
nella, which were detected in different epidemiological
situations: outbreak and sporadic incidence in people.
Thus, outbreaks of salmonellesis were characterized
by the highest percentage of strains resistant to 1-2
AMA classes (67.3%) and the lowest percentage of
MDR strains (4.6%). On the contrary, the proportion
of MDR strains isolated in sporadic incidence was 5.8
times higher than for outbreak incidence, which is ex-
plained by the significant contribution of S. Typhimuri-
um strains and other serotypes to the total resistance.
Like outbreak strains, sporadic strains were more of-
ten resistant to quinolones, which is confirmed by the
dominant resistance of the S. Enteritidis (70.0%) and
S. Muenchen (78.0%) serotypes to this AMA class. Re-
sistance to penicillins (22.6%), B-lactam combination
agents (21.9%), and tetracyclines (21.9%) was signifi-
cantly influenced by the presence of S. Typhimurium
strains, which were more often resistant to these AMA
classes. Similar data were published in a joint report by
EFSA and the European Center for Disease Prevention
and Control in 2022 [32], which stated that a high per-
centage of MDR Salmonella strains (25.4%) isolated
from humans in 2019-2020 was justified by the signif-
icant contribution of S. Typhimurium and S. Kentucky
resistant strains. High levels of resistance to ampicil-
lin (29.8%), sulfonamides (30.1%), and tetracyclines
(31.2%) varied by serotype from low for S. Enteritidis
to extremely high for S. Typhimurium and S. Kentucky.

Over the period of many years of monitoring,
S. Enteritidis remains the main serotype causing out-
break incidence of salmonellosis [33]. Our data demon-
strate that both among outbreak and sporadic cases of
salmonellosis, the dominant serotype was S. Enteriti-
dis. In addition, this serotype occupied the second rank-
ing position (16.3%) when isolated from food products.
Comparison of S. Enteritidis strains from outbreak and
sporadic cases showed a slight difference in the number
of resistance profiles and a low level of resistance to
many AMA classes, except for quinolones. However,
despite the higher number of strains from outbreaks
(2.5 times higher than sporadic ones), the diversity of
resistance profiles was significantly lower. Another fea-
ture of S. Enteritidis is the high rate of occurrence of
strains with resistance to quinolones, which amounted
to 70.0%, which is consistent with the data from studies
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conducted in St. Petersburg [10], where the resistance of
S. Enteritidis strains isolated from humans was 71.0%.
According to the NARMS surveillance system!?, S. En-
teritidis strains were the most common serotype among
isolates with reduced ciprofloxacin susceptibility in
2019, accounting for 45% of Salmonella isolated from
humans. It is known that resistance to quinolones in
Salmonella can be caused by the presence of horizon-
tally (plasmids, transposons, integrons) and vertically
(chromosomal mutations) inherited genetic traits [34].
It was shown that the contribution of chromosomal mu-
tations to quinolone resistance for S. Enteritidis was
significantly higher [35]. The percentage of Salmonella
strains resistant to quinolones due to single nucleotide
substitutions in the region of the DNA gyrase and to-
poisomerase IV genes reached 97.54%, while the pres-
ence of plasmid-mediated resistance was detected only
for 1.1% of strains [36].

The second rank by the number of strains isolated
from humans was occupied by the S. Muenchen sero-
type (12.6%). It was also the etiological agent in two
outbreaks of salmonellesis during the four-year observa-
tion period. An increase in the incidence of this serotype
is recorded both in individual regions of Russia [37, 38]
and in other countries [39]. According to the Salmonella
Monitoring Reference Center'' for 2021, S. Muenchen
occupied the 5th ranking position in terms of frequen-
cy of isolation from humans and food products and the
6th position — from the environment. It is interesting

10 Centers for Disease Control and Prevention. National Antimic-
robial Resistance Monitoring System for Enteric Bacteria
(NARMS): human isolates final report, 2019. Atlanta; 2023.

' Rozhnova S.Sh., Podkolzin A.T., Kuleshov K. V. et al. Information
Bulletin of Salmonella Monitoring Reference Center No. 34.
Moscow; 2022.
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to note that in our study, S. Enteritidis and S. Muenchen
had the least diversity of resistance profiles and did not
differ significantly from each other.

Conclusion

In the presented study, we have described the
phenotypic resistance of Sa/monella and compared the
diversity of resistance profiles of the most common
serotypes in Russia, based on a sample of representa-
tive strains of non-typhoidal Salmonella. A significant
contribution to the population of resistant Sa/monella
is made by strains that are not related to the outbreak
incidence. Almost half (57.6%) of the studied strains
were resistant to at least one AMA class, among which
the most frequently detected resistance was to quino-
lones, tetracyclines, penicillins, and folate pathway
antagonists, which have been applied for a long time
or are currently used in human and veterinary med-
icine.In addition, non-typhoidal Salmonella isolated
from various sources had a wide variety of resistance
profiles. Among them, the largest number of strains
characterized by resistance were found among sero-
types S. Infantis, S. Typhimurium, and S. Bovismor-
bificans.

Continuous monitoring of antibiotic resistance
and tracking of MDR in Sa/monella strains plays a key
role in addressing the issue of antibiotic resistance and
provides valuable information for epidemiological sur-
veillance in order to develop prevention strategies.
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Comparative evaluation of disinfectant efficacy against
biofilm-residing microorganisms
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Institute for Systems Biology and Medicine, Moscow, Russia

Abstract

Introduction. Bacteria in biofilms (BFs) have increased resistance to antibacterial agents, including disinfectants;
however, the efficacy level varies depending on the chosen treatment. Therefore, evaluation of efficacy of main
disinfectants against BF-residing microorganisms is of scientific and practical interest.

The purpose of the study was to explore the effect of disinfectants from various chemical groups on gram-
positive and gram-negative bacteria residing in BFs.

Materialsand methods. The effectofthe followingdisinfectantshasbeen evaluated: alkyldimethylbenzylammonium
chloride (ADBAC), tertiary amine (TA), polyhexamethylene guanidine chloride (PHMG), hydrogen peroxide (HP),
chloramine (CA), dichloroisocyanuric acid sodium salt (Na DCC), sodium hypochlorite (HC), ethyl alcohol (EA),
glutaraldehyde (GA)) against Pseudomonas aeruginosa ATCC 15442 and Staphylococcus aureus ATCC 6538-P
BFs. BFs were grown in 96-well plates at 37°C for 24 hours and then exposed to biocide solutions. The efficacy
of disinfectants was evaluated by the number of remaining viable cells and BF relative density.

Results. The analyzed bacterial strains formed moderate BFs; the average number of viable cells in BFs was
6.51 £ 0.19 Ig. The viable bacterial cell counts in BFs reduced by more than 4 Ig when exposed to HP solutions
at a concentration of 6%, Na DCC solution — 0.1% (by active chlorine), HC — 1% (by active chlorine), CA- 1%
(by product), PHMG — 0.05%, TA — 1.0 %. The BF density decreased by more than 70%. ADBAC solutions at
concentrations of 0.1-1.0%, TA— 0.05%, HP — 3%, Na DCC solution — 0.05% (by active chlorine) caused a 2-Ig
reduction in viable cell counts in BFs. The efficacy of chlorine-active compounds and HP increased when 0.5%
sulfonol was added. GA (0.25-1.00%) and EA (40-70%) solutions were ineffective against BF microorganisms.
Conclusion. A promising potential in combating microbial biofilms is demonstrated by disinfectants from the
group of oxidizing agents (chlorine-active and oxygen-containing), TA and PHMG; using ADBAC as an individual
compound is ineffective; aldehydes and alcohols are unable to destroy BFs and eliminate microorganisms in
them.
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CpaBHuTenbHas oueHka 3¢ PeKTUBHOCTN BO3[ENCTBUA
Ae3NHULMPYIOLWNX BELeCTB HA MMKPOOPraHn3Mbl B OMonnéHke

®epoposa J1.C.*, UnbakoBa A.B.

Haquo-mccnenosaTeanKMM NHCTUTYT CUCTeMHOWM Gronorum n meauumHbl, Mockea, Poccus

AHHOMayus

BBeaeHue. baktepuu B 6uonnéxke (bBIN) obnagatoT NOBbILLEHHOW YCTOWYMBOCTBIO K aHTUGaKTepuanbHbIM areH-
Tam, B TOM 4ucre aesmHduumpyowmum Bellectsam ([B), ogHako cteneHb adpdekTa BapbMpyeT B 3aBUCMMOCTH
OT NPUIOXEHHOro BO3AencTBuA. B cBA3M € 9TnM oueHka adhdpeKTMBHOCTM OCHOBHbLIX [1B B OTHOLLEHWUN MUKPOOP-
raHnamoB B Bl npeactaBnseT Hay4HbIA U NPAKTUYECKUA UHTEpeC.

Llenbro nccnegoBaHus 6bino usdyyeHne Bo3gencTBus [1B pasnuyHbIX XMMUYECKUX TPynn Ha rpamnonoXuTenb-
Hble 1 rpamoTpuuaTensHele 6aktepumn B coctase BIT.

Martepuansi u metoabl. V3yyeHo gencteue [B: ankungnmetun6eHsunammonns xnopuga (AOBAX), Tpetuy-
Horo amuHa (TA), nonurekcameTuneHryaHmamHa xnopuga (MrMr), nepekvcu sogopoaa (MB), xnopamuHa (XA),
HaTpmeBoWn conu guxnopusoumanyposon kucnotel (Na-OXLK), runoxnoputa Hatpus ([X), cnmpta 3TUnosoro
(3C), rnytaposoro anbgernaa (I'A)) B oTHoweHun Pseudomonas aeruginosa ATCC 15442 w Staphylococcus
aureus ATCC 6538-P B BI1. BIN kynstMBnpoBanu B 96-nyHOYHbIX MnaHwertax npu 37°C B TeueHne 24 4, 3atem
BO34EMCTBOBANM Ha HUX pacTBopamu Guounaos. SdeKkTnBHOCTL Bo3aencTanst [1B oueHnBanu Ha ocHoBaHUM
perucTpauuy ocTaBLUNXCS )KM3HECMOCOBHbIX KMETOK U OTHOCUTENbHOM NinoTHocTu BI.

Pesynbratbl. V3yyeHHble wtammbl 6aktepuii 06pa3oBbiBany ymepeHHyto Bl1, cpegHee konmyecTBO Xu3Hecno-
cobHbIX kneTok B Bl coctasuno 6,51 + 0,19 Ig. Konnuectso xm3HecnocobHbix kneTtok b6aktepuin B coctase bl
CHuxanocb Ha 4 Ig n 6onee nog gerictBuemM pacteopos B B koHueHTpaumu 6%, pacteopa Na-AXLK — 0,1% (no
akTuBHoOMy xnopy), M'’X — 1% (no aktnsHomy xnopy), XA — 1% (no npenaparty), MMMIN — 0,05%, TA— 1,0 %. MNpwu
3TOM nnoTHocTb Bl cHukanack Ha 70% wn 6onee. PactBopbl ALBAX B koHueHTpaumsax 0,1-1,0%, TA — 0,05%,
MB — 3%, pacteop Na-OXUK — 0,05% (no akTvBHOMY xriopy) 06ecneumBani CHKEHME XMU3HECNOCOOHBIX KIETOK
B Bl Ha 2 Ig. 3ddpeKkTBHOCTL BO3OENCTBUS XITOPaKTUBHBIX coeauHeHuii v B nosbiwanack npu gobaenexHun 0,5%
cynbdoHona. Pacteopsl A (0,25-1,00%) n 3C (40—70%) 6b1nn HeahdeKTUBHBLI B OTHOLLEHU MUKPOOPraHN3MoB
B BI.

3aknroyeHue. [1nst 60pbObl C MUKPOOHBLIMKU NNEHKaMK NepcnekTuBHbI [B 13 rpynnbl okUcruTenen (XmnopakTme-
Hble n kucnopogcogepxawme), TA n NMIMIT; npumeHenne AJBAX kak MHOMBUAYanNbLHOTO COEANHEHNST Headdek-
TMBHO; anbaernabl 1 cnUpTbl ANs paspyLlenus Bl u yHNYTOXeHUs: B He MUKPOOPraHM3MOB HE MPUroaHbI.

KnroueBble cnoBa: 6uonnéHku, buoyudsl, desuHuyupyrouwue gewecmesa, pe3ucCmMeHMHOCMb MUKPOOP2aHU3-
moe

HNcmoyvHuk gpuHaHcupoeaHusi. ABTOpPbI 3asiBMSAOT 06 OTCYTCTBUM BHELUHETO (hUHAHCUPOBAHWS MPW NPOBEAEHUN UC-
cnenoBaHus.

KoHgbnnukm uHmepecos. ABTOpbI [eKNapupyoT OTCYTCTBUE SIBHbIX M MOTEHUManbHbIX KOH(MMMKTOB UHTEPECOB, CBS-
3aHHbIX C Nybnukauuen HacTosILLEen cTaTbu.
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hVLMpPYIOLLMX BELLECTB HA MUKPOOpPraHu3Mbl B Guonnénke. XKypHan Mukpobuonoauu, anudemuonoauu u UMmMyHobuo-
noeuu. 2023;100(5):302—-309.
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Introduction consisting mainly of polysaccharides, proteins, and

The ability of microorganisms to form biofilms
on almost any surface is a critical problem in health-
care and other areas of human life [1-3]. Biofilms
(BFs) are formed through bacterial adhesion to surfac-
es of objects present in the surrounding environment,
being facilitated by high-humidity conditions [3]. BFs
are composed of a continuous multilayer of bacteri-
al cells attached to the surface and/or to each other,
and embedded in an extracellular polymeric matrix

© depoposa J1.C., Nnbsakosa A.B., 2023

nucleic acids [3-5]. The matrix provides structural
support to BF, stability and protection of BF-residing
microbial cells against dehydration and other adverse
environmental impacts [5—8]. Microorganisms make
up approximately 10% of the BF dry mass, whereas
the matrix can make up 90% [9].

Studies [10—13] have shown that bacteria in BFs
are more resistant to disinfectants than their planktonic
counterparts. Such resistance is mainly caused by the
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poor penetration of chemical compounds (disinfec-
tants) through the extracellular matrix as well as by a
lower metabolic activity and slower bacterial growth
rates in BF [6, 8]. As a result, disinfection treatment
guidelines developed for healthcare settings and em-
ploying planktonic cells are ineffective against BF-re-
siding microorganisms, while no established methods
used for evaluation of efficacy of disinfectants against
BF microorganisms are currently available.

In the meantime, numerous studies have con-
firmed the presence of dry microbial BFs on various
surfaces in healthcare settings [14—16]. Pathogenic mi-
croorganisms within BFs can survive on dry surfaces
for extended periods and are periodically released as
free-living planktonic cells into the environment. BFs,
being a reservoir of pathogenic microorganisms, func-
tion as a source of dispersion of pathogenic bacteria in
the hospital environment [17]. Studies [18-20] have
confirmed the important role of microbial BFs, which
are found on epidemiologically significant items in
healthcare facilities, in the spread and transmission of
nosocomial strains of microorganisms and occurrence
of healthcare associated infections.

Currently, there are no comprehensive systematic
studies on the effect of biocides on microorganisms in
BFs and on the ability of the existing detergent formu-
lations and disinfectants to destroy BFs.

Therefore, the aim of the study was to evaluate
the antimicrobial activity and destructive effect of com-
monly used disinfectants — active chlorine and oxygen
compounds, cationic surface-active agents (SAAs), al-
cohols, and aldehydes — against test microorganisms
Pseudomonas aeruginosa ATCC 15442 and Staphylo-
coccus aureus ATCC 6538-P living in BFs.

Materials and methods
Disinfectants based on cationic SAAs, alcohol,
hydrogen peroxide, and chlorine-based agents are rec-
ommended for disinfection of surfaces in healthcare
facilities. Chemical compounds selected for the study
were the most typical representatives of active ingredi-
ents in disinfectant formulations:

» from the group of cationic SAAs —alkyldi-
methylbenzylammonium chloride (ADBAC) at
concentrations of 0.1-1.0%, polyhexamethylene
guanidine chloride (PHMG) — 0.02-0.05%,
tertiary alkylamine (TA) — 0.1-1.0%;

* from the group of active oxygen — hydrogen
peroxide (HP) at working solution concentra-
tions of 3—6%;

* from the group of active chlorine — chloramine
(CA) at working solution concentrations of
0.5-1.0% by product; dichloroisocyanuric acid
sodium salt (DCCA) — 0.03-0.10% by active
chlorine (AC), sodium hypochlorite (HC) —
0.5-1.0% by AC;

ORIGINAL RESEARCHES

* from the group of alcohols — ethyl alcohol
(EA) — 40-70%;

* from the group of aldehydes — glutaraldehyde
(GA) — 0.25-1.00%.

In disinfection of surfaces, products based on
chlorine and hydrogen peroxide are most often used
with the addition of 0.5% detergent to provide addi-
tional detergent properties. Therefore, we evaluated the
efficacy of chemical compounds of DCCA sodium salt,
HC, and HP with the addition of 0.5% sulfonol, which
is an anionic SAA.

Reference strains from the American Type Cul-
ture Collection (ATCC) — Pseudomonas aeruginosa
ATCC 15442 and Staphylococcus aureus ATCC 6538-
P were used as test microorganisms. These reference
strains are used for evaluation of bactericidal activity
against gram-negative and gram-positive bacteria in ac-
cordance with R 4.2.3676-20 — Methods of laboratory
research and testing of disinfectants to assess their ef-
fectiveness and safety [21].

Bacterial BFs were grown under static conditions
in 96-well flat-bottom polystyrene microtitration plates
according to O'Toole et al. [22]. The overnight cultures
of bacterial strains were adjusted to the 2.0 McFarland
standard and diluted 1 : 100 in a tryptic soy broth. 100
ul of bacterial broth cultures were added to the wells of
the 96-well flat-bottom plates, and the covered plates
were incubated statically at 37°C for 24 hours for BF
formation. Then, the wells of the plates were washed
three times with phosphate-buffered saline to remove
planktonic cells. Then, 100 pl of detergents at different
concentrations were added to the test wells, while the
control wells were filled with normal saline solution
(0.9% NaCl) and left for 30 min; then, 100 pl of a neu-
tralizer containing Tween 80 (3%), saponin (0.3-3.0%),
histidine (0.1%), cysteine (0.1%), sodium thiosulfate
(0.1%) were added.

The efficacy of disinfectants against the formed
BFs was evaluated by measuring the relative optical
density of the crystal violet-stained BF matrix. For this
purpose, 200 pl of 0.1% aqueous solution of crystal vi-
olet was added to the wells and left for 30 min. The
BF biomass was measured by the level of extraction of
the dye with ethanol, which was measured with a TEC-
AN DESKTOP-4A7U9AL\Infinite M Plex microplate
reader at the wavelength of 580 nm in optical density
(OD) units.

To assess the viability of cells in BF, 100 pl of
phosphate-buffered saline was added to the wells and
treated with ultrasound at 37 kHz for 1 min in the Elma
Ultrasonic 30S bath (Elma). The cell viability was as-
sessed by the number of colony forming units (CFUs)
after plating onto solid growth medium (tryptone soy
agar) and by counting CFU/ml after the incubation at
37°C for 24 hours.

The reliability of results was achieved by using 6
wells per 1 test sample and by calculating the average
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optical density of the test sample and the decimal log-
arithm (lg) for CFUs. Then, the average optical densi-
ty of BF eluate and CFU/ml treated with disinfectants
were compared with the untreated control samples.
Comparisons were made using Student's t-test [23].
The obtained results were processed using the MS Ex-
cel statistical software package. The p < 0.05 value was
considered statistically significant.

Disinfectants were considered effective against
test microorganisms in BFs, if viable cell counts in
BFs decreased more than 400 times after the exposure
to disinfectants. If the optical density after exposure
decreased by more than 70% compared to the control
samples, the disinfectants were considered highly ef-
fective, while the decrease by 30-70% implied that they
had moderate efficacy, and the decrease by less than
30% qualified them as low-effective.

Results

The tested cultures of microorganisms P. aerugi-
nosa ATCC 15442 and S. aureus ATCC 6538-P formed
BFs with a density of OD,, = 1.50 + 0.19 after 24
hours. The average number of viable cells in BFs was
6.2+0.71g.

The treatment of the formed BFs with 0.1% and
1.0% ADBAC solutions decreased the BF density com-
pared to the controls (primary BF) by 48.6 + 9.5 and
51.2 + 8.1% (Fig. 1) and reduced the number of viable
cells in BFs by 2 and 3 Ig (Fig. 2), respectively.

The effect of TA solutions on BFs demonstrated a
direct relationship between the increased concentration
of disinfectants and the destruction of the BF matrix.
After the formed BFs had been treated with 0.1% and
1.0% TA solutions, the BF density decreased by 58.2
+ 5.5 and 72.5 + 8.2%, and the number of viable cells
decreased by 3 and 4 lg, respectively.

The treatment of P. aeruginosa ATCC 15442 and
S. aureus ATCC 6538-P BFs with 0.02% and 0.05%
PHMG solutions resulted in a significant decrease in
the BF density — by 78.1 + 9.3 and 87.5 £ 5.9% and

OD 580 nm

OP. aeruginosa ATCC 15442

in a reduction in the number of viable cells by more
than 5 lg.

The treatment with GA solutions at concentrations
of 0.25 and 1.0% caused a slight decrease in the BF
density — by 24.66 = 9.6 and 10.75 + 4.5% and an in-
significant reduction in the number of microorganisms.

Ethyl alcohol at concentrations of 40% and 70%
also had a weak destructive effect on BFs. The increase
in concentrations of ethyl alcohol led to a decrease of
its efficacy. The treatment with 40% ethyl alcohol de-
creased the BF density by 20-25%, while the treatment
with 70% ethyl alcohol resulted in a 10-12.5% decrease
(Fig. 1).

HP working solutions at a concentration of 3% de-
creased the BF density of P. aeruginosa ATCC 15442
and S. aureus ATCC 6538-Pby 46.55+9.45and 54.45+
7.5%, causing a reduction in the number of viable cells
by 2.8 and 3 lg, respectively (Fig. 1, 2). The increase in
HP concentration to 6% resulted in increased efficacy
and reduced the number of viable cells by 4.0—4.5 1g.

The treatment of BFs with active chlorine com-
pounds demonstrated that efficacy depends on the dis-
infectant concentration. The best results were achieved
by using 1.0% chloramine solution (by product), 0.1%
DCCA sodium salt solution (by AC), and 1.0% sodium
hypochlorite solution (by AC) compared to lower con-
centrations of these disinfectants (Fig. 1, 2).

The treatment with working solutions of 3% HP,
0.03% DCCA (by AC), and 0.5% HC (by AC) sup-
plemented with 0.5% sulfonol detergent increased the
antimicrobial effect on BF microorganisms by 40-52%
(Fig. 3).

Discussion

The effect of disinfectant solutions on BFs is not
completely understood. The action of disinfectants is
usually limited to the interaction with the surface layer
of BFs, as the matrix prevents molecules of disinfec-
tants from unrestricted diffusion into the deeper layers.
There is also evidence that some disinfectants can cause

m S. aureus ATCC 6538-P

Fig. 1. Comparative assessment of the effect of disinfectants on the density of the formed BFs of P. aeruginosa ATCC 15442
and S. aureus ATCC 6538-P.
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Fig. 2. Comparative assessment of the effect of disinfectants on the viability of P. aeruginosa ATCC 15442 and S. aureus
ATCC 6538-P cells in BFs.

the opposite effect, leading to BF growth. Such growth
promotion is associated with their destruction of sur-
face structures, thus facilitating the inflow of nutrients
into BFs [10, 11].

The efficacy of commercial disinfectants has
been studied only in relation to planktonic forms of
microorganisms, while the data on their biocidal ac-
tivity against microorganisms growing within BFs are
not available. Although multiple studies address the
combating strategies against BFs, the disinfectants
that could specifically inhibit BF formation and kill
bacteria inside BFs, causing their degradation and
destroying the matrix have not been found so far.
The systemic study of the main disinfectants against
gram-negative and gram-positive microorganisms in
BFs has been conducted for the first time. The study
showed that HP at a concentration of 6%, DCCA so-
dium salt solution at a concentration of 0.1% (by AC),
sodium hypochlorite at a concentration of 1.0% (by
AC), chloramine at a concentration of 1.0% (by prod-
uct), PHMG at a concentration of 0.05%, and TA at a
concentration of 1.0% decrease the number of micro-
organisms in BFs by 4 Ig and more, while the BF den-
sity is decreased by more than 70%. The need to use
biocides from the group of oxidizing agents at higher
concentrations is most likely associated with their par-
tial inactivation by biopolymers in BF surface layers.
The BF matrix restricts the diffusion through the BF
surface to deeper layers and neutralizes some disin-
fectants, providing the resistance of the microbial BF
to the action of these compounds. Since detergents are
added to active chlorine compounds to enhance their
detergent properties, the effects of solutions of these
compounds were studied using 0.5% sulfonol added to
them. It was found that the efficacy of active chlorine

compounds and HP was increased, and, most likely,
this increase is associated with the increased permea-
bility of the BF matrix due to anionic SAA — sulfo-
nol facilitating the diffusion of disinfectants into BFs
due to a reduction in the solution surface tension and,
consequently, the improved wetting of the BF surface.

ADBAC demonstrated the lowest efficacy
against BF bacteria among cationic SAAs, as nega-
tively charged polysaccharides in BFs can bind pos-
itively charged ADBAC molecules, thus protecting
BFs against destruction [24]. On the other hand, some
studies demonstrate the possibility of using quaternary
ammonium compounds for combating microbial BFs,
if their effect is enhanced by synergists or enzymes in
composite agents [25].

TA demonstrated good efficacy at a concentration
of 1%. The TA distinctive feature is the combination of
antimicrobial and detergent properties. The presence of
free amino groups and the tertiary nitrogen atom gener-
ate an alkaline medium, thus contributing to improved
antimicrobial activity [25].

PHMG demonstrated bactericidal benefits com-
pared to ADBAC and TA. The significantly decreased
BF density and pronounced antimicrobial effect prove
that the integrity of the BF structure was significantly
impaired due to the destruction of the polysaccharide
matrix and the impact on bacteria. The mechanism of
this effect has not been uncovered and requires further
research.

Glutaraldehyde (0.25-1.00%) and ethyl alcohol
(40-70%) solutions had a poor effect on BF destruc-
tion and elimination of microorganisms in BFs. Studies
[26] have demonstrated that GA reacts with BF amino
groups, cross-linking long molecules of biopolymers,
thus causing swelling or coagulation of the BF surface
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Fig. 3. Comparative assessment of the effect of disinfectants supplemented with the detergent on the BF density (a)
and viability (b) of P. aeruginosa ATCC 15442 and S. aureus ATCC 6538-P.

layers and preventing further GA diffusion into deeper
layers of microbial BFs. Ethyl alcohol owes its low ef-
ficacy to a fixing effect and poor penetration of alcohol
molecules into protein-rich tissues [27]. Higher alcohol
concentrations caused an increase in the BF density.

Conclusion

In combating microbial BFs, good prospects are
demonstrated by disinfectants from the group of oxi-
dizing agents (active chlorine and oxygen-containing),
TA and PHMG; quaternary ammonium compounds are
not effective if used individually; aldehydes and alco-

hols are of no use for BF destruction and elimination
of BF-residing microorganisms. The method used for
evaluation of efficacy of biocides can be recommended
for studies and assessment of the disinfectant activity
of agents for combating microbial BFs at the stage of
primary selection..
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Abstract

Introduction. The habitat of mosquitoes belonging to the genera Aedes spp., Culex spp., Culiseta spp. is in
South and Central America, including Nicaragua. Monitoring of the spread of mosquito vectors and assessment
of the infection with arboviruses can provide information on possible occurrence of new diseases or an increase
in the reported cases, changes in the infectivity of viruses for humans due to changes in pathogen transmitters.
The purpose of this study was isolation and identification of arboviruses belonging to the Flavivirus and Alphavirus
genera from A. albopictus, A. aegypti, Culiseta spp., Culex spp. mosquitoes captured in forests of Nicaragua.
Materials and methods. A. albopictus, A. aegypti, Culiseta spp., Culex spp. mosquitoes were captured during
the dry season in 2021 in forested areas of Nicaragua in four different locations. Mosquitoes were sorted into
pools, each containing 5-8 mosquitoes (236 pools in total). Using the reverse transcription polymerase chain
reaction, the pools were tested for the presence of chikungunya (CHIKV), dengue, Zika, and yellow fever viruses.
Positive pools were inoculated into the C6/36 cell culture to obtain isolates and for their further sequencing.
Results. The dengue virus was detected only in Aedes spp. mosquitoes: in 7 pools — A. aegypti,
in 1 — A. albopictus. CHIKV was also detected only in Aedes spp. mosquitoes: in 3 pools — A. aegypti,
in 1 — A. albopictus. The sequencing of nucleotide sequences of 6K, E1, E2, and NS1 genes of CHIKYV isolated
from A. albopictus mosquitoes showed that compared to the similar gene sequences from CHIKV isolates
recovered from A. aegypti mosquitoes, the 6K gene region contained 4 nucleotide and 4 amino acid substitutions,
while the E1 region contained 16 nucleotide substitutions, 10 of them led to amino acid substitutions; the E2
region contained 14 nucleotide and 11 amino acid substitutions; the NS1 region contained 33 nucleotide and
19 amino acid substitutions.

Keywords: chikungunya, dengue, arboviruses, Aedes albopictus, Aedes aegypti, Culiseta spp., Culex spp.,
polymerase chain reaction, sequencing, isolate, nucleotide substitution, amino acid substitution
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N3onAauuna n reHeTnuyecknin aHanms Bupyca YnKyHryHba ns Komapos
Aedes aegypti v Aedes albopictus, otnoBneHHbix B LleHTpanbHoON
Amepuke

Wruatbes M.', OkcaHnu A.C."™, KasakoBa E.B.?, CamapueBa T.I", OTpaweBckas E.B.2,
Yin6a C.B.3, TpyxuH B.I.2
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2CaHkT-MNeTepbyprcknin HayYHO-UCCIeOBaTENIbCKU MHCTUTYT BaKLMH U CbiIBOPOTOK, CaHKT-MNeTepbypr, Poccus;
3JlaTHOaMepPUKaHCKUIN MHCTUTYT 6uoTexHonorum «MeuHnkoB», MaHarya, Pecny6nuka Hukaparya

AHHOMauus

BBepeHue. Apean obutaHus komapos pogoB Aedes spp., Culex spp., Culiseta spp. pacnpocTpaHsieTcs Ha KOx-
Hyto 1 LleHTpanbHyto Amepuky, Bkntovas Hukaparya. MOHUTOPWHT 3@ pacnpocTpaHeHnem KoMapoB-NnepeHocym-
KOB M OLEHKa MX MHULMPOBaAHHOCTM apboBrpycamn MOryT NMpPeaocTaBUTb MHOPMALIMI0O O BO3MOXHOCTM MO-
SIBMEHNSI HOBbIX UMW YBEMUYEHUW CIyYaeB YXe perucTpupyemMbix 3aboneBaHui, M3MEHEHUN UHAEKLMOHHOCTM
BMPYCOB AJ151 YenoBeKa Npu CMeHe nepeHocymKka Bo3dyauTens.

Llenbro HacTosiwen paboTbl Obiny BbiAeneHne 1 naeHTudukaums apboBMpycoB, MpuHagnexawmx K pogam
Flavivirus v Alphavirus, ns xomapos BugoB A. albopictus, A. aegypti, Culiseta spp., Culex spp., OTNOBNEHHbIX B
necax Hukaparya.

Martepuanbl u metoabl. Komapsl A. albopictus, A. aegypti, Culiseta spp., Culex spp. 6binm otnoenexsl B 2021 1.
B CYXOW CE30H B NlecHol 30He B Hukaparya B YeTbipex pa3Hbix fokauusx. Komapos o6begunHsanu B nynel no 5-8
ocobel (Bcero 236 nynos). MeTogom nonvMepasHon LIEeNHOW peakumm ¢ 06paTHON TpaHCKpUNuMen nynel aHa-
NM3MpoBanu Ha Hanuume BUpycoB YnkyHryHbs (BY), aenre, 3uka n xénton nuxopagku. MNMonoxntenbHblie nynbl
WHOKyNMpoBanu B Kynstypy knetok C6/36 ¢ Lenbio nonyyYyeHnss N3onsaToB 1 UX AalNbHENLLEro CEKBEHNPOBaHWS.
PesynbraTtbl. Bupyc geHre Gbin BbisiBNeH Tonbko B Komapax Aedes spp.: B 7 nynax — A. aegypti, B 1 —
A. albopictus. BH Tarke 6bin BbIIBNEH TONbKO B KoMapax Aedes spp.: B 3 nynax — A. aegypti, B 1 — A. albopictus.
CekBeHMpOBaHMe HyKNeoTMAHbIX NocnegoBaTenbHocTen reHoB 6K, E1, E2 u NS1 BY, BblaeneHHOro n3 komapos
A. albopictus, nokasano, YTo Mo CPaBHEHMWIO C aHaNOrMYHLIMW NOCNEAOBaTENBHOCTAMU reHOB 13 n3onaTos BY,
BblJENEeHHbIX U3 KOMapoB A. aegypti, B obnactu reHa 6enka 6K obHapyxeHo 4 HyKneoTUAHbIX U CTOMNBKO Xe amu-
HOKMCINOTHBIX 3aMeH, B obnactn E1 — 16 HykneoTugHbIx 3aMeH, 10 n3 KOTOpPbIX NPUBOAUIM K aMUHOKUCITOTHBIM
3ameHam, B obnactu E2 — 14 HykneotugHbix 1 11 aMMHOKMCNOTHBIX 3aMeH, B obnactu NS1 — 33 HykneoTugHble
1 19 aMVHOKUCINOTHBIX 3aMEH.

KnioueBble cnoBa: YukyHayHbs, OeHee, apbosupychi, Aedes albopictus, Aedes aegypti, Culiseta spp., Culex
Spp., nonumepasHasi UernHasi peakyusi, CeKeeHUposaHue, U3onsm, HykrneomuoHasi 3aMeHa, aMUHOKUC/IOmHasi
3ameHa

BnazodapHocms. KonnekTvs aBTopoB BblpaxaeT 6rnarogapHoctb Enene KOpbeBHe LLycToBol 3a nomolb B rpadm-
YecKOoM MpeAcTaBneHny maTepuarnos.

HUcmoyHuk huHaHcupoeaHusi. Pabota BbinonHeHa npy puHaHcoBow nogaepxke rpaHta PH® 22-14-00184.

KoHpnnukm uHmepecoe. ABTOpbI AeKNapupyoT OTCYTCTBUE SIBHLIX U NOTEHLMANbHBIX KOH(PIIMKTOB MHTEPECOB, CBSI-
3aHHbIX C Ny6nunKaumen HacTosiLLen cTaTbu.
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Yiba C.B., TpyxuH B.I. U3onauusi n reHeTuyecknini aHanuns Bupyca YvkyHryHbst 3 komapoB Aedes aegypti n Aedes
albopictus, otnoBneHHbIx B LieHTpansHon Amepuke. XKypHan Mukpobuonoauu, snudemuosnio2uu u uMmyHobuonoauu.
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Introduction

Mosquitoes of the genera Aedes spp., Culex spp.,
Culiseta spp. are vectors for numerous pathogens caus-
ing viral diseases such as dengue fever, Zika fever, yel-
low fever, chikungunya fever, Venezuelian equine en-
cephalomyelitis, Sindbis fever and belong to families
Flaviviridae (genus Flavivirus) and Togaviridae (genus
Alphavirus) [1-6]. Habitats of mosquitoes belonging
to the genera Aedes spp., Culex spp., Culiseta spp. are
located in South and Central America, including Nic-
aragua [2, 3, 7-10]. The monitoring of the spread of
mosquito vectors and the assessment of their infectiv-
ity can provide information on possible occurrence of
new diseases or an increase in the reported cases, while
the change of a pathogen’s vector can cause changes in
the infectivity of viruses for humans [5]. Isolation of
viruses directly from vectors captured in their natural
habitats and exploration of isolated strains are essen-
tial for development of diagnostic tools, prevention and
treatment of diseases caused by alphaviruses and flavi-
viruses.

The purpose of this study was isolation and iden-
tification of arboviruses belonging to the genera Fla-
vivirus and Alphavirus from A. albopictus, A. aegypti,
Culiseta spp., Culex spp. mosquitoes captured in for-
ests of Nicaragua.

Materials and methods

Mosquitoes

Mosquitoes were captured during the dry season
in 2021 in a forested area of Nicaragua in four different
locations having the following coordinates:

e location 1 — 12.325527N 85.974662W;

* location 2 — 12.323326N 85.974275W;

* location 3 — 11.908210N 85.932490W;

* location 4 — 11.903555N 85.938758W.

Representatives of the genera Aedes spp. (4. al-
bopictus, A. aegypti), Culiseta spp., and Culex spp. were
among the captured mosquitoes. After their species had

ORIGINAL RESEARCHES

been identified, mosquitoes were sorted into pools of
5-8 insects of the same species captured in the same lo-
cation. A total of 236 pools were formed. Each pool was
homogenized in 300 pl of the Leibovitz L-15 medium
(Gibco, Thermo Fisher Scientific), pH 7.4, using ceram-
ic beads and the SpeedMill Plus homogenizer (Analytik
Jena) to obtain the suspension. 140 pl of homogenate
from each pool was used for RNA extraction, which
was performed using a QlAamp Viral RNA reagent kit
(Qiagen). The reverse transcription polymerase chain
reaction (RT-PCR) was performed using protocols for
each pathogen. The pools tested positive for any of the
viruses under study were used for subsequent isolation
of the virus on cell cultures.

Virus isolation

The remaining mosquito suspension (200 pl) was
filtered through the 0.45 um PES filter. The obtained
filtrate was used to infect the monolayer of C6/36 cells
grown in 24-well plates. The inoculation was per-
formed in 100 pl using the stock and dilution 1:10. Sev-
en days after the infection, 100 pl of the supernatant
were used for the next passage. A total of 5 successive
passages were conducted. After the infection, the cells
were examined daily for the presence of any signs of a
cytopathic effect.

Molecular and genetic study

The RT-PCR-based molecular and genetic study
was performed using the following procedure. The
140 ul mosquito suspension was used to extract RNA
using a QIlAamp Viral RNA reagent kit (Qiagen) in
accordance with the instructions of the manufacturer.
Then using the reverse primer pNS1CHVrev2-3 for the
chikungunya virus (CHIKYV; the NSI gene region); the
mixture of reverse primers for the dengue virus pan-
DVrevl and panDVrev2 (the 3’-UTR region), which
were common for all 4 types of the virus (Table 1); the
reverse primer for the Zika virus pZVrev [9]; the re-
verse primer for yellow fever virus pYFVrev (Table 2)

Table 1. Nucleotide sequences of primers and probes for detection of CHIKV and dengue virus RNA in collected samples

using real-time RT-PCR

Oligonucleotide

Nucleotide sequence, 5'-3’

PCR product size

CHIKV (the NS1 gene region)

pNS1CHVfor GTGTGCTGTTCTCAGTAGGGTCAACG 218 bp
pNS1CHVrev GTCTGCGTGGTGGGTTACCGC
zNS1CHVfor FAM-GGCTACGTCGTTAAGAGAATAACGATGAGCCC-BHQ1
Dengue virus (the 3’-UTR region)
panDVfor GACTAGYGGTTAGAGGAGACCC 190 bp
panDVrev1 CGTTCTGTGCCTGGAATGATG
panDVrev2 CGCTCTGTGCCTGGATTGATG
zDVfor FAM-GCATATTGACGCTGGGARAGACCAGAG-BHQ1

Note. Y — either C or T; R — either Aor G.
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Table 2. Nucleotide sequences of primers for amplification of Zika and yellow fever virus RNA using RT-PCR and

electrophoresis detection

Oligonucleotide

Nucleotide sequence, 5-3’

PCR product size

Zika (the NS5 gene region)

pZVfor CCGCGCCATCTGGTATATGT 450 bp
pZVrev CTCCACTGACTGCCATTCGT

Yellow fever (the E gene region)
pYFVfor TACCCTGGAGCAAGACAAGT 465 bp
pYFVrev GCTTTTCCATACCCAATGAA

[11] and a reagent kit for RT (Syntol), the cDNA was
generated from the viral RNA template using an RT re-
action. During the first stage, 2 ul of reverse primers (10
pmol/pul) were mixed with 6 pl of the extracted RNA;
then, the mixture was heated at 95°C for 5 min. Then,
the tubes were cooled down at the room temperature for
2 min and 22 pl of the mixture were added for RT (9 pul
of deionized water, 12 pl of the 2.5-fold buffer for RT
(Syntol), 1 ul of MMLV-reverse transcriptase (Syntol))
and were incubated at 42°C for 30 min. The mixture
was heated at 95°C for 5 min to inactivate the reverse
transcriptase.

For the Zika virus and yellow fever virus, agarose
gel electrophoresis detection of PCR amplicons was
performed using non-original primers from other re-
searchers [9, 11], which are listed in Table 2. The ampli-
fication was performed in accordance with the follow-
ing program: 95°C — 1 min 30 sec; 30 cycles: 95°C —
20 sec, 55°C — 15 sec, 72°C — 30 sec; 72°C — 10 min.

The real-time PCR was performed for CHIKV and
dengue viruses using original primers and probes. The
DTprime instrument (DNA-Technology) was used for
amplification following the program: 95°C — 1 min 30
sec; 40 cycles: 95°C — 15 sec, 55°C — 40 sec.

The in-house designed oligonucleotides and the
procedure described previously were used for generat-
ing CHIKV 6K, El, E2, and NSI gene fragments and
their sequencing [12].

Prior to sequencing, all the PCR products were
gel-purified using a Cleanup Standard reagent kit
(#BC022, Evrogen) and cloned the pGEM-T Easy vec-
tor (Promega) in accordance with the manufacturer’s
instructions. Then, the clones were selected, plasmids
were extracted, and the Sanger sequencing was per-
formed using standard primers for sequencing T7 and
SP6. The obtained nucleotide sequences were aligned
using the MEGA11 software'.

Phylogenetic analysis

The phylogenetic analysis was conducted using
the molecular dating method, the BEAST v. 1.10.4

' Tamura K., Stecher G., Kumar S. MEGA11: Molecular Evolutio-
nary Genetics Analysis Version 11. Mol. Biol. Evol. 2021;
38(7):3022-3027. DOI: 10.1093/molbev/msab120

software package and the associated software suite
BEAUti v. 1.10.42. When constructing trees, we used
the HKY? nucleotide substitution algorithm with a strict
molecular clock. The analysis included 10 million trees,
every 1,000" tree was selected. The MEGA11 software
was used for tree construction. The multiple alignment
was performed using genetic sequences of genome
fragments (E2, 6K, E1) of CHIK Vs isolated from mos-
quitoes (30 sequences) in different regions of the world.
The position in the genome fragment, which was used
for the phylogenetic analysis, was 8574—11 303 bp (the
positions are shown for the prototype strain isolated
in 1959, GenBank KX262990). The phylogenetic tree
was extended with 8 nucleotide sequences of CHIKV
isolated from humans, 3 of which were obtained from
patients in Nicaragua in 2014 and 2015, and 4 of them
were reference sequences of the virus.

The infectivity of mosquitoes was measured fol-
lowing the previously described procedure [10, 13].

Results and discussion

The mosquitoes captured in four locations repre-
sented three genera Aedes spp., Culex spp., Culiseta
spp. As can be seen from Table 3, the best represented
genus was Aedes spp. Accounting for 954 mosquitoes:
604 (67%) mosquitoes belonged to A. aegypti, 314
(33%) mosquitoes belonged to A. albopictus. Out of
105 pools of A. aegypti mosquitoes, 7 pools were tested
positive for the dengue virus RNA, while 3 pools were
tested positive for CHIKV RNA. Zika virus and yellow
fever virus RNAs were not detected. No simultaneous
detection of CHIKV RNA and dengue virus RNA was
recorded. Out of 54 pools of A. albopictus mosquitoes,
the dengue virus RNA was detected in 1 pool and the
CHIKV RNA was also detected in 1 pool. Zika virus
and yellow fever virus RNAs were also not detected.
The simultaneous detection of CHIKV and dengue vi-
rus RNA was not reported. No RNA of the tested viru-

2 Drummond A.J., Rambaut A., Shapiro B., Pybus O.G. Bayesian
coalescent inference of past population dynamics from molecular
sequences. Mol. Biol. Evol. 2005;22(5):1185-1192.

DOI: 10.1093/molbev/msil03

Hasegawa M., Kishino H., Yano T. Dating of the human-ape
splitting by a molecular clock of mitochondrial DNA. J. Mol.
Evol. 1985;22(2):160-174. DOI: 10.1007/BF02101694
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Table 3. Genus and number of captured mosquitoes
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Mosquito species Numbgr of Number PCR results (positive/negative)
mosquitoes of pools dengue virus CHIKV yellow fever virus Zika virus
Aedes spp. 954 159 8/151 4/155 0/159 0/159
A. aegypti 640 105 7/98 3/102 0/105 0/105
A. albopictus 314 54 1/53 1/53 0/54 0/54
Culex spp. 278 46 0/46 0/46 0/46 0/46
Culiseta spp. 188 31 0/31 0/31 0/31 0/31

ses was detected in 46 pools of mosquitoes belonging
to the genus Culex spp. and in 31 pools of mosquitoes
representing the genus Culiseta spp.

A. albopictus mosquitoes from the CHIKV pos-
itive pool were captured in location 1 and 4. aegypti
mosquitoes from the positive pools were captured in lo-
cation 4. The dengue virus RNA was detected in pools
of A. aegypti mosquitoes captured in location 2, and Ae-
des albopictus mosquitoes captured in location 2.

The minimum infection rate for 4. aegypti mos-
quitoes for the dengue virus was 10.0 and for CHIKV —
4.6. The minimum infection rate for 4. albopictus mos-
quitoes for the dengue virus and CHIKV was 3.0. The
obtained results lead to the assumption that mosquitoes
of the genus Aedes spp. were infected with the dengue
virus and CHIKV.

The minimum infection rate for mosquitoes, un-
doubtedly, is an important variable; however, it de-
pends on the number of captured mosquitoes (the size
of the studied subset) and the number of mosquitoes in
the pool, thus affecting the sensitivity of the employed
method. In some studies of the minimum infection rate
among mosquitoes infected with alphaviruses and fla-
viviruses, the rate ranged from 0 to 12, thus implying a
potential risk of infection with this virus transmitted by
the particular mosquitoes [10, 13]. The possible coin-
fection with dengue and chikungunya viruses was de-
scribed earlier; the examination of serological markers
of flaviviruses and alphaviruses demonstrated the pres-
ence of antibodies against the dengue virus and CHIKV
[9, 14]. The RT-PCR positive mosquito pools — 8 pools
with the dengue virus and 4 pools with CHIKV were
used to isolate viruses.

C6/36 cells were used to isolate viruses from the
mosquito pools. Each pool was put through 5 successive
passages. In the cells infected with samples containing
CHIKYV (based on the RT-PCR results), the disturbance
of the cell monolayer — the development of a cytopathic
effect — was observed in the 2™ — 3 passages. In the
5% passage, the 100% cytopathic effect was observed
after 72 hours. In the samples containing dengue vi-
ruses (based on the PCR results), the cytopathic effect
was not as pronounced. In each passage, the authen-
ticity of the isolates and the absence of cross-contami-
nation were verified using RT-PCR. After the isolation
had been completed, the isolates were sequenced. The

resulting isolates contained CHIKV and dengue viru-
ses types 1 and 2. In isolates containing dengue viruses,
only the type of the virus was identified due to the short
length of PCR product fragments.

As can be seen from the electropherogram of am-
plicons (Fig. 1) obtained using universal primers for
all the 4 types of the dengue virus, the amplification
produces 2 amplicons 190 and 106 bp long. The se-
quencing of fragments showed that both of them were
specific [15, 16].

The sequencing of nucleotide sequences of
CHIKYV 6K, E1, E2, and NSI genes from A. albopictus
mosquitoes (1 pool, location 1) showed that it was the
same strain, which we had isolated in the same location
in 2018 [12]. Compared to the similar gene sequenc-
es from the CHIKYV isolates obtained from A. aegypti
mosquitoes (3 pools, location 4), the 6K gene region
had 4 nucleotide and 4 amino acid substitutions; the E1
region had 16 nucleotide substitutions, 10 of which re-
sulted in amino acid substitutions; the E2 region had 14
nucleotide and 11 amino acid substitutions and the NS1
region had 33 nucleotide and 19 amino acid substitu-
tions (Table 4). Three isolates from 4. aegypti mosqui-
toes did not have any amino acid substitutions relative

DENVI  DENV2  DENV- M

20 23 100 bp

ey

e
190 bp
—
106 bp

_) D

Fig. 1. Agarose gel electrophoresis (2%) of PCR products.

DENV1 20 and DENV2 23 — amplicons of dengue viruses types 1
and 2 from 20 and 23 pools, respectively; DENV— — negative PCR
controls for the dengue virus; M 100 bp — DNA molecular weight
marker.
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to each other. The isolated strain was deposited in the
genetic sequence database of GenBank (NCBI) with
accession number 0Q320495.

The analysis of the nucleotide and amino acid sub-
stitutions showed that they, to a greater degree, differed
from the known substitutions typical of the studied re-
gion [7]. Such significant differences can be explained
by the fact that most of the CHIKV isolates were ob-
tained by other researchers from sera of infected indi-
viduals and only rarely from mosquitoes. In addition,
most of the isolates were obtained from mosquitoes
captured in urban areas and rarely — in remote rural ar-
eas like mosquitoes in this study. The differences in nu-
cleotide sequences of CHIKYV isolates in all the 4 genes

can also be explained by differences in locations of cap-
tured mosquitoes and by different mosquito species that
carried the detected virus.

Thus, CHIKV and dengue type 1 and type 2 vi-
ruses were detected when isolating viruses from Aedes
spp., Culex spp. and Culiseta spp. mosquitoes captured
in forests in Nicaragua. The analysis of some CHIKV
genes demonstrated high genetic diversity among vi-
ruses isolated from A. albopictus and A. aegypti mos-
quitoes.

The phylogenetic analysis of the nucleotide se-
quences (Fig. 2) showed that the closest relative of the
isolated CHIKYV is the virus isolated from a human in
Africa in 2011 (GenBank KJ679577). The emergence of

Table 4. Nucleotide and amino acid substitutions in 6K, E1, E2, and NS1 gene regions in CHIKV isolates recovered from
A. albopictus and A. aegypti mosquitoes captured in different locations in Nicaragua

Substitutions A. albopictus > A. aegypti

6K protein gene E1 protein gene

E2 protein gene NS1 protein gene

N A N A
A37G E13K G28A T10A
A54T F18L T79A M27L
C107T L36P G150A -
T176C A59V C441T -

T443C A148V
C579G -
G633A -
T683C T228M
C852T -
G955A K319E
G968T 13238
G979A K327E
A1081G A361T
C1106T V369A
C1217T V406A
T1308C -
>H: 4 A4 2 H:16 2A 10

N A N A
C145T H49Y C7T P3S
A406G K136E T21C -
T541G C181G C253T R85C
T543C C181G A293G K98R
A545G Q182R G307A A103T
C558T - T389C M130T
G662A R221K T489C -
A760G M254V T498G -
G775A G259R A540G -
C914T A305V T581C L1948
C944T A315V AB99G -
G1019A R340H A890G Y297C
T1082C V361A C1014T -
G1146A - A1047G -

A1067G Q356R
T1085C L362P
G1114A A372T
T1176C -
C1249T R417C
T1366A WA456R
G1489A A497T
G1491A A497T
A1493T E498V
G1512A -
A1580T E527V
C1587T -
A1619C N540T
G1622C R541P
A1623G R541P
T1625G 1542R
T1626A 1542R
C1627G P543G
C1628G P543G
> H: 14 AN > H:33 >A:19

Note. N — nucleotide substitution; A — amino acid substitution. The position of a nucleotide or amino acid substitution is shown from the

beginning of a gene.
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MT526902 Culex quinquefasciatus Brazil 2017
MT526903 Culex quinquefasciatus Brazil 2017
MK518395 Acdes acgypti Brazil 2017
MT526900 Acdes acgypti Brazil 2017
MG000876 Aedes albopictus Haiti 2016
MG000875 Culex quinquefasciatus Haiti 2016
KY055011 Aedes aegypti Brazil 2016

HM045784 Anophcles (Ceilia) funcstus Central African Republic 1984

MT636916 Aedes albopictus Democratic Republic of the Congo 2019
MT636921 Aedes albopictus Democratic Republic of the Congo 2019
MT636918 Aedes aegypti Democratic Republic of the Congo 2019

MT636917 Acdes albopictus Democratic Republic of the Congo 2019
MT636919 Aedes albopictus Democratic Republic of the Congo 2019

KY038946 Aedes opok Central African Republic 1975

MKO040569 Aedes aegypti Thailand 2018
MZ443813 Acdes acgypti Thailand 2018
MZ443816 Aedes aegypti Thailand 2018
MZ443815 Aedes aegypti Thailand 2018
MH754507 Aedes albopictus Italy 2017
MK 120194 Acdes albopictus Italy 2017

———— MN954552 Mosquito India 2019
KC614648 Aedes aegypti Yemen 2011
(GU908223 Aedes albopictus Thailand 2009
MF076577 Mosquito Laos 2012
MKO028836 Acdes acgypti Comoros 2005

0Q320495 Aedes aegypti Nicaragua 2021

KJ679577 Homo sapiens East Central South African 2011
KX262990 Unknown East Central South African 1959

ON009843 Homo sapiens Tanzania Ross 1953

HMO045806 Aedes albopictus India 1986

MN271692 Aedes albopictus Nicaragua 2018

8
NC004162.2 Homo sapience Chikungunya virus strain S27 African prototype 1952
HMO045805 Acdes furcifer South Africa 1976

KY703994 Homo sapiens Nicaragua 2015
KY703969 Homo sapiens Nicaragua 2014
KY703930 Homo sapiens Nicaragua 2015

KJ689452 Acdes acgypti Micronesia 2013

Fig. 2. Phylogenetic tree of CHIKV E2, 6K, E1 genome fragments.

The nodes of the tree indicate the posterior probability > 0.75 and the age of the group. The virus under study is highlighted.
The scale shows the branch length representing years.

the common ancestor of these strains is estimated to have
occurred 21 years ago (95% HPD 10-35). The isolate
under study is also included in the cluster with prototype
strains isolated in 1952—-1986 in Tanzania and Africa.
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HayuHas cTaTba
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CpaBHuTenbHbIN aHann3 ypoBHA IgG B CbIBOPOTKaX KPOBM 601bHbIX

COVID-19, BakynHupoBaHHbix «flam-KOBUA-Bak», n 330poBbIxX
AOHOPOB A0 NaHaeMun

TapakaHoBa l0.H.”, bopucosa O.B., Amutpues [.A., JinuytuHa M.B., MaccuHo 10.C,,
MNMeuentonbko A.A., Ceran O.J1., AkoBnesa [.A., Amutpues A.[.

HayuHo-nccnegoBaTtenbCKuim MHCTUTYT BaKUKMH 1 CbIBOPOTOK MMeHn WM. MeuHnkoBa, MockBsa, Poccus

AHHOMauus

BeeaeHue. VIamepeHne KOHLEHTpaLMM CbIBOPOTOMHOro MMyHornobynmHa G (IgG) ncnonb3yercs B AgMarHocTu-
KE U MOHUTOPUHre MHOrMx 3abonesaHuii. [1oaToMy BakHO M3yunTb BnusHWe naHaemun COVID-19 Ha ypoBeHb

IgG B nonynsAumu.

Llenbto paboTbl 661N CpaBHUTENBHBIN aHanu3 cpeaHero ypoBHSA CbiBOpoTOYHOro IgG B obpasuax Kposu, nomy-
YEHHbIX OT roCNUTanNM3MpoBaHHbIX NaumeHToB ¢ COVID-19 (n = 31), 300poOBbLIX AOHOPOB A0 Havana naH4eMum

(n = 30) 1 oOHOPOB, BaKUMHUPOBAHHLIX NpenapatoM «CnyTHuK V» (He 6oneswunx COVID-19; n = 34).

Matepuanbl u metoabl. IgG namepanu asyma merogamu TBepgodasHoro MMMYHOMEPMEHTHOTO aHanvsa
(MDA): 3apermcTpmpoBaHHol poccuickon cuctemon «IgG obwnin-NPA-BECT» 1 ckoHCTpyupoBaHHbIM B nabo-
paTopun KOHKYpeHTHbIM NPA, 0CHOBaHHBIM Ha MOHOKITOHarbHbIX Gucneunduryeckmnx aHtuTenax kK IgG yenoseka

N nepokcmaase xpeHa.

PesynbraTtbl 1 obcyxaeHue. OTnuymn B cpedHeM ypoBHe CbiBOpoTo4HOro IgG B Tpéx rpynnax He obHapy-
Xunu (HesaBucuMo OT nona); oba meToga Aanu CooTHocumble pedynbraTtel. OgHako cuctema «IgG obwmn-
NPA-BECT» BbisiBUNa CTaTUCTUYECKM 3HAYMMbIE Pasnuyus B KOHLEHTpaLuum cbiBOpoTodHOro IgG B noarpynnax
NauMeHTOB-MY>XUYMH C pasHbiM YPOBHEM @HTUTEN K BUPYCHOMY aHTUreHy K peLenTopCBsi3blBaloLieMy OOMEHyY
(receptor-binding domain, RBD): Huxe u Bbiwwe 400 BAU/Mn. Y 10 myxunH ¢ RBD-aHTureHom < 400 BAU/mn

copepxaHue 1gG 6bino 14,3 + 4,1 mr/mn, y 6 myxunH ¢ RBD-aHTureHom > 400 BAU/Mn — 6,9 £ 2,7 mr/mn.

3aknroueHune. CpegHuii ypoBeHb IgG B CbIBOPOTKAx KpOBU, MOMYyYEHHbIX 40 NaHAEMWUM, HE OTNINYarncs oT TakoBo-
ro y 340POBbIX OHOPOB, BaKLMHMPOBaHHbLIX Npenapatom « CnyTHUK V», Unv naumMeHToB, rocnmtanmanpoBaHHbIX
B ¢cBA3n ¢ COVID-19. NMpun aTom o6HapyxeHO CpaBHUTENBHOE CHWXEHME cpeaHeln KoHUueHTpauum IgG y naumex-
TOB-MYy>4uH ¢ COVID-19 n ypoBHem aHTn-RBD aHTuTen > 400 BAU/mn. B y4éToM AaHHbIX nuTepatypbl 06 ac-
coumaummn cHmXeHus ceiBopoTodHoro IgG ¢ tsxkecteto COVID-19 uenecoobpasHo cpaBHUTE BIGOPKM GOMbLUETO

pasmepa.

KnroueBble cnoBa: 6ucneyuguyeckue aHmumena, IgG yenoseka, COVID-19, SARS-CoV-2, aHmumena k RBD,

ummMmyHoenobynud G

Amuyeckoe ymeepxdeHue. VccrnenoBaHne npoBoAMIoch nNpu Ao6poBOrbHOM MHPOPMUPOBAHHOM COrflacum nauu-
eHToB. [NpoTokon nccnegoBaHusa ogobpeH Atuveckum kommutetom HAW BakumH 1 cbiBopoTok nmenn U.M. MeyHnkoBa

(npotokon Ne 12 ot 04.10.2023).

HNcmoyHuk puHaHcupoeaHusi. ABTOpbI 3asBMAT 06 OTCYTCTBMWN BHELLUHEro (OMHAHCUPOBAHWUS NPU NPOBEAEHUN UC-
cnepoBaHus. PaboTa BbINOnMHeHa ¢ MCMONb3oBaHWEM Hay4YHOro 06opyaoBaHMA LieHTpa KOMMEKTUBHOMO MoMb30BaHMA
HUNBC nm. N.N. MeyHrkoBa — npu chrHaHCoBOM nopaepxke npoekta Poccuiickon ®egepaunen B nuue MnHobpHay-

ku Poccum (Cornawenne Ne 075-15-2021-676 ot 28.07.2021).

KoHbnUKT MHTepecoB. ABTOpPbI [eKNapupyoT OTCYTCTBME SIBHBIX U MOTEHLMATbHBIX KOH(IIMKTOB UHTEPECOB, CBSI3aH-

HbIX C MyBrMKauuern HacTosALLel CTaTbu.

Ansi yumupoeaHus: TapakaHosa tO.H., bopucosa O.B., Amutpunes [.A., NnuytnHa M.B., MaccuHo K0.C., MNeventons-
ko A.A., Ceran O.J1.,, Axkoenesa [.A., AmuTpures A.[l. CpaBHUTENbHbIV aHanM3 ypoBHs IgG B CbIBOPOTKax KpoBu 60rb-
Hbix COVID-19, BakumHupoBaHHbIX «fam-KOBWO-Bak», 1 300poBbIX AOHOPOB A0 NaHaeMun. KypHar mukpobuornoauu,

anudemuornoauu u ummyHobuonoauu. 2023;100(5):319-327.
DOI: https://doi.org/10.36233/0372-9311-367
EDN: https://www.elibrary.ru/tnzpid
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Comparative analysis of IgG levels in blood sera from patients
with COVID-19, persons vaccinated by «Gam-COVID-Vac»
and healthy donors before the pandemic

Yulia N. Tarakanova™, Olga V. Borisova, Dmitriy A. Dmitriev, Maria V. Lichutina, Yulia S. Massino,
Anastasia A. Pechelyulko, Olga L. Segal, Dinora A. Yakovleva, Alexander D. Dmitriev

I. Mechnikov Research Institute for Vaccines and Sera, Moscow, Russia

Abstract

Introduction. Serum IgG measurement is used in the diagnosis and monitoring of many diseases. Therefore,
it seems important to study the impact of coronavirus pandemic on IgG levels in population and the role of this
parameter in COVID-19.

The aim of this study was to compare mean IgG levels in sera obtained from 31 hospitalized COVID-19 patients,
30 healthy donors before pandemic and 34 donors vaccinated with «Sputnik V» (have not had COVID-19).
Materials and methods. Total IgG was quantitated by two enzyme immunoassays (ElAs): «IgG Total-ELISA-
BEST» kit certificated in Russia and homemade competitive EIA utilizing bispecific monoclonal antibodies (bsAbs)
against human IgG (HIgG) and horseradish peroxidase (HRP).

Results and discussion. The groups did not show differences in IgG levels (regardless of sex) with both methods
giving comparable results. However, «IgG Total-ELISA-BEST» kit revealed statistically significant differences in
mean serum IgG levels in subgroups of male patients depending on the levels of antibodies to viral RBD-antigen:
below and above 400 BAU/mI. In the first subgroup (10 men) the mean serum IgG content was 14.3 + 4.1 mg/mL,
while in the second (6 men) — 6.9 + 2.7 mg/mL.

Conclusion. Sera obtained before pandemic contained the same mean IgG concentrations as sera from donors
vaccinated with «Sputnik V» and COVID-19 patients. The relatively decreased mean IgG concentration was
found only in COVID-19 male patients with anti-RBD antibodies levels above 400 BAU/mI. In light of literature
data on association of decreased serum IgG with COVID-19 severity, it would be reasonable to further compare
larger groups, taking into account clinical differences. The possibility of using bsAbs for human Ig measurements
by competitive EIA was demonstrated.

Keywords: COVD 19, SARS-CoV-2, anti RBD antibodies, IgG, immunoglobulin G, bispecific antibodies, enzyme
immunoassay.
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BBeneHne

Ummynornobynun G (IgG) sBnsercss 1OMHUHU-
PYIOLIMM KJIACCOM aHTUTEN Y MIEKOIMTAIOIIMUX, CO-
CTaBIAs OKOJIO 75% OOIIero KojivdecTBa JTHUX Oei-
KOB B CBHIBOPOTKE KpPOBH. Y deJOBeKa OOHAapY>KEHEI
4 monknacca IgG, omnuaronuecs CTpoeHUEM TAKETBIX
neneil. IgG urpaer BaxHyr0 poiib B TyMOpPaIbHOM UM-
MYHUTETE, BBIIIOJHSS Pa3HOOOpa3Hble OMOIOTHYECKUE

(byHKIMU: OICOHM3AIMS MHUKPOOOB JIJISl UX MOIJIOINIC-
HUs (arouuTamu; aHTHOAKTepUalbHasl 3alluTa 4Yepe3
KOMILJICMEHT3aBUCHMBII JIM3UC MUKPOOHBIX KIETOK U
paspylieHre MX TOKCUHOB;, WHAYKIUS aHTHTEIO03aBH-
CHMOM KJIETOYHO-ONOCPEAOBAHHON LIMTOTOKCUYHOCTH;
oOecrieueHUe HMMMYHHTETAa HOBOPOXKACHHBIX (Mate-
puHckuil 1gG TpaHcmopTupyeTcs depe3 IUIALEHTy B
KPOBOTOK ILIOJIa); MHIMOUpOBaHUe B-KIIETOK MO THITY

© Tarakanova Yu.N., Borisova O.V., Dmitriev A.D., Dmitriev D.A., Lichutina M.V., Massino Yu.S., Pechelyulko A.A., Segal O.L., Yakovleva D.A., Dmitriev A.D. 2023
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OPUTVHANbHbBIE NCCJTIEAOBAHNA

00paTHOM CBS3M NPH 3aBEPIICHUH T'YMOPAIbHOTO HM-
MYHHOT'O OTBETA.

H3mepenne MMMYyHOMIOOYIMHOB, BKiIrodas IgG,
WCIIOJIb3YETCS B IMarHOCTUKE U MOHUTOPUHIE€ MHOTHUX
3a00eBaHuid, BKJIIOYass MMMYHOAC(QUUUTHI U ayTo-
WMMYHHBIE Oonie3HU. BMecTe ¢ TeM momymsnuoHHBIN
ypoBeHb 1gG moaBepKeH BIUSHUIO pa3HbIX (PaKTOPOB.
B psize paboT u3ydanu BIMSHHE TaKUX MEPEMEHHBIX,
Kak I10JI, BO3PACT, 3THUYECKasl MPUHAJIEKHOCTb, I'€0-
rpaduuecKoe pacroIoKeHHE paiioHa UM CTPaHbI (BO3-
MOXHBI Pa3IUuusi, 0OYyCIOBJICHHBIE SKOIOTMYECKUMHU
(hakTopamu), HEKOTOPbIE OCOOCHHOCTH 00pa3a >KU3HH
Y TpUBBbIUEK (HapuMep, pacHpOCTPaHEHHOCTh Kype-
HUS, IOTPEOICHUS aJIKOTOJIS U JIp.), Ha ypoBeHb 1gG B
COOTBETCTBYIOIIMX Homysiusx. [Ipu 3ToM B pa3HbIX
HCCIIEZIOBAaHUAX TOITY4YEeHbl HEOAHO3HAUHBIE pe3yibTa-
Thl. B HemaBHeM MeTao630pe Oblia clieaHa MOMbITKA
CHUCTEMATU3UPOBATh JAHHBIEC PTUX HccieqoBanuii [1].
B uactHOCTH, MONYy4YeHO MOATBEP)KACHUE BIUSHUS Ha
ypoBeHb IgG Kypenusi, ynorpeOneHust ankorois, mpué-
Ma KOPTHKOCTEPOMJIOB, TUIIEPTOHUU U TCHUXOJOTHYe-
ckoro ctpecca [1].

Ha mnporsokeHuu mnocneqHux 3 JeT HaceleHue
BCcero Mupa, Bkimroyass Poccuro, monseprajioch BiIus-
HUIO HEONMaronpusTHBIX (aKTOPOB, CBA3aHHBIX C IaH-
nemueil koponasupyca SARS-CoV-2. IIpuuém Hapsny
C MpSIMBIM NATOI'€HHBIM JIEHCTBUEM BUpYyCa, Ha JIOAEH
OKa3bIBaJI BIMSHHE M MHOTOYMCIIEHHBIE CTPECCOBBIC
CUTYallUH, CONPSDKEHHBIE C MaHAeMHel (BBIHYKACHHAS
W30JISIIMSA, IOTEPS PaOOTHI, CTPax 3a XKHU3Hb U 3J0POBLE
ONM3KHX, IEpeyTOMIICHHE Y MEAULIMHCKUX PaOOTHHKOB
u ap.). [lo manaeiv BO3, B COBOKYIMHOCTH BIIHSIHUE
yKa3aHHBIX (JaKTOPOB MIPHUBENIO K MOBBIIIEHUIO pacIpo-
CTPaHEHHOCTH TPEBOXKHBIX PACCTPOMCTB U ACIPECCHU
B Mupe Ha 25%".

B 9T0i1 cBsI3U BCTAET BONPOC: KAaK 3TO MOIJIO OT-
pasuthes Ha ypoBHE IgG B MOMyISAIMSIX KOHKPETHBIX
cTtpad? BaxHO Takke BBISICHUTH OHOJOTHYECKOE HU
KJIMHUYECKOE 3HaYEHHE TAaKoro MapaMeTpa, Kak KO-
yecTBO IgG B chiBopoTke kpoBu, npu COVID-19. O6-
Hapy>XCHHBIE PAa3JINUMs B TSDKECTH MPOTEKaHUs Oomes-
HU (OT OSCCUMIITOMHOTO JI0 JIETAJHLHOTO) M HAJIH4YUC
MOCTKOBUAHOTO CHHIPOMA MOOYIWIN HCCIeaoBaTesiei
K IOHMCKY HMMYHOJIOTMYECKHUX MAapKepoB, KOTOpPHIE
MOIIM OBl MMETh MPOTHOCTHUYECKOE 3HAYCHHE IpU
COVID-19. 3akoHOMEpHO, YTO HapsAAY C APYTHUMH (ak-
TOopaMu 0OpaTUIIi BHUMaHUE U Ha TAKOW MapaMeTp, Kak
ypoBeHb IgG B chiBOpoTKe KpoBU. Panee Oblia moka3sa-
Ha accounanus aepuuuta IgG ¢ psaom npyrux aérou-
HBIX 3200JieBaHUi [2], 4TO CO37aJI0 MPEAIOCHUIKH JIJIs
MPE/INOJI0KECHUH O HAJTUYMU TOJAOOHBIX CBSI3CH M MPU

' BO3. Ha ¢oune mangemun COVID-19 Bo BcéM Mupe pacmpo-
CTPaHEHHOCTh TPEBOXKHBIX PACCTPOWCTB M JIEMPECCHU BBIPOCIA
Ha 25%. 02.03.2022. https://www.who.int/ru/news/item/02-03-
2022-covid-19-pandemic-triggers-25-increase-in-prevalence-of-
anxiety-and-depression-worldwide

COVID-19. [leticTBuTenbHO, B HEJABHUX HCCICAOBA-
HUSX, HE3aBUCHMO MIPOBEIEHHBIX B HECKOJIBKUX CTpa-
Hax (Iepmanum, Typuum, I'peunu, Upane, Poccum),
OBUTH MONYYEHBI PE3yJbTaThl, YKa3bIBAIOIINE Ha acco-
[UALMIO MEXIy CHIDKEHHBIM ypoBHeM IgG B chIBOpOT-
Ke KpoBU U TsokENbIM TedeHuem COVID-19 [3—7]. Bui-
CKa3aHO MPEATNONIOKEHHE, YTO ITOT MOKA3aTeb MOXKET
MUMETb BXKHOE TPOrHOCTUYECKOE 3HAUCHHE JJIs1 OLICHKH
pHCKa TSHKENOTO TeUeHHsI O0JIE3HU U JIETANBHOTO HCX0-
na [3—6]. Kakue koHKpeTHbIE U3MEHEHUS U HapyIlEeHUs
B ()YHKIIMOHMPOBAaHHU CHUCTEMBI B-KJIETOUHOTO HMMY-
HuTeTa U Metabonusma IgG crodar 3a HabIIOAaEMBIMU
addexTamu, 0CTaCTCs HEACHBIM.

Leabo HacTosIIer pabOTHI OBUIO U3YyUYEHHUE YPOB-
Hs1 IgG B CHIBOPOTKAX KPOBH, MOMYUYEHHBIX OT MaIleH-
TOB, TOCIUTAIIM3UPOBAHHBIX 10 noBogy COVID-19, n
B JIBYX Pa3HBIX TPYIIax CPAaBHEHHUs, OJJHA U3 KOTOPBIX
BKJTIOYaJIa 37I0POBBIX IOHOPOB 10 Hadaja MaHIEeMHH, a
BTOpasi — JOHOPOB, IPOIIEALINX MMOJHBII Kypc BaKLIHU-
Haumu «CryTHukoM V» 1 He 6onesmux COVID-19.

MaTepman bl N MeTOobl

Uccnenoanue npoBoanny Ha 95 obpasuax IByMs
HE3aBUCUMbIMHU METOAaMH I/IMMyHO(I)epMCHTHOFO aHa-

mu3za (MDA).
B nepBoM MeTone HCIONB30BAIM 3apPETUCTPU-
POBaHHBIM  JuMarHocTudeckud  Habop  (ycTpoeH-

HBIi 10 TpUHIUNY coHABUY-MeTona) «IgG oOmui-
NOA-BECT». Bropoii Meron mpenmnoiarail HCIbITa-
HUE CKOHCTPYHPOBAaHHOTO B J1a0OpaTopuu BapHaHTa
koHKypeHTHoro MDA, B koTopoM s ompeaeaeHus
IgG genoseka (HIgG) ucnons3oBanu monyyeHHble Ha-
Mmu panee [8—10] moHoknoHanbHEIE anTUTeNa (MKA)
¢ nBoiiHo# criennpuyHocThio K HIgG u depmenTy me-
pokcunasa xpena (horseradish peroxidase, HRP). Cun-
TaeTcs, uyto Oucnenuduyeckue antutena (BUAT) mo-
T'YT UMETh PSJ IPEUMYILIECTB epen oobaHbiMu MKA
npu npumeHerny B UPA 1 ummyHorucroxumuu [11].
Hanpumep, BUAT ocBoOoxaaoT oT He0OXOAUMOCTH
WCIOJIb30BATh JETEKTUPYIOIIKE (MEUEHbIE) aHTHUTENA,
koHbtorupoBanuble ¢ HRP nnm apyrumu dpepmentamu,
4YTO MOXKET JiaBaTh MeHbIHiA (oH [11]. Panee mbl moka-
3anu A3QPeKTUBHOCTh yKka3zaHHbIX BUAT nns BeisiBiie-
HUS crienuduuecKkux aHTuresn B TBepaodaznom MDA
Ha MpUMepE ONpeesICHHsI aHTUTEN K BUPYCY UMMYHO-
neduiuta yenoseka [10], a B HacTosmei padoTe Oblia
WCTIBITaHA BO3MOXKHOCTh MCIIOJIb30BAHUSI 3TUX pearcH-
TOB B (hopMaTe KOHKypeHTHOro MDA,

Mamepuanb/ u peakmuebl

B pabote ucnonb3oBanu pazoopHbie 96-TyHOUHbBIE
TUIAHIIEeTsl W3 monuctupona «MaxiSorp» («Nuncy),
BrCN-cedapo3y («Farmacia»), pactBop TeTpameTu-
oemsuguHa (TMB) («uarHocTH4eckue CHCTEMBDY),
muarHoctuueckuid Habop «IgG obmmit-UDA-BECT»
(«Bexrop-bect»), IgG U3 CHIBOPOTKH KPOBH UesiOBEKa
(«Sigma-Aldrich»), HRP u mpoune peaktuBbl («Sigmay).


https://www.who.int/ru/news/item/02-03-2022-covid-19-pandemic-triggers-25-increase-in-prevalence-of-anxiety-and-depression-worldwide
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0O6pasybl cblIBOPOMOK Kpo8U

CBIBOPOTKH 3[0pOBBIX AOHOPOB M MAlKEHTOB,
rocnutaausupoBaHubix ¢ COVID-19 (¢ usBecTHO#H
KOHIeHTpauuei Bupyccneunpuueckux anruren (IgG)
K pelenTopcBsA3bIBalonieMy JA0MeHy (receptor-binding
domain, RBD) S-6enka SARS-CoV-2, onpenenénnoit
¢ nomoiipio TecT-cucteMbl «JC-UDA-AHTHU-SARS-
CoV-2-G-KonM4YeCTBEHHBIN»), OBUIM MPEAOCTABIICHEI
n3 komekiuu HITO «/lpnarHocTHYecKUe CHUCTEMBD».
Bce oOcnenoBanHble MOAMUCHIBATM HWHPOPMUPOBAH-
HO€ coIflache Ha ydacTue B uccienoBaHuu. [IpoTokon
UCCIIeZIOBaHUs 0100peH DTuueckum komuteTom HUU
BaKIIMH U ChIBOpOTOK uMenu U.W. MeunukoBa (1ipoTo-
ko Ne 12 ot 04.10.2023).

lMonyueHue MOHOKIOHAIbHbIX BUAT

B pabote ucnonp3oBaiu MONMyYEeHHbIE HAMH pa-
Hee MBIIINHbIE MOHOKIOHanbHbIle BUAT 75/36 (BUAT
75/36), cnocoOHBIE OTHOBPEMEHHO CBSI3bIBATHLCS C JBY-
ms antureHamu: HRP u HIgG. BUAT 75/36 siBnstor-
Csl IPOLYKTaMHU THOPUAHOM THOPUIIOMBI (TETPAZOMBI),
00pa3oBaHHOW MyTEM CIHMSIHUS JBYX POIUTEIBCKHX
KJICTOYHBIX JIMHUI: THOPUIIOMBI, TPOAYLUPYIOLICH aH-
ti-HRP MKA 36F9, u ruGpusiomMsl, CeKpeTUpyOIIei
antu-HIgG MKA 75GS5. KorctpyupoBanue ykazaHHOM
TeTpasoMbl onrcano Hamu panee [9—11]. BUAT 75/36
oTHOCUIKCH K monkiaccy IgG1 mbimm, kak u 06a poau-
tenbeknx MKA.

O4ucmka anmumern

BUAT 75/36 BpIaCnSsUIN U3 aCLUTOB, MTOTYYESHHBIX
MOCJIe MHOKYJISIIMY MBIILIEH TeTpaJlOMHBIMH KJIETKaMH.
ITockonbKy KIETKH TETPajoMBbl MPOAYLHUPYIOT 3 BUIa
MMMYHOJIOTUYECKH aKTUBHBIX aHtuTen (antu-HIgG,
antu-HRP u BUAT), o0pa3oBaHHBIX B pe3yJbrare pe-
KOMOWHAIWU JETKUX U TAKENBIX TENEH POAUTEIbCKIX
MKA, ns ounictku BUAT ncmonb3oBaay aBe mOCIEn0-
BarenbHble adduHHbIe XpomaTtorpaduu: Ha HIgG-ce-
¢dapose u HRP-cedapose [8—10]. Yucrory mpemapara
BUAT xonTponupoBanu ¢ nomousio SDS-anextpodo-
pesa B 12,5% axpunamuguom rene [12].

OnpedeneHue aHmuzeHcsA3bI8arowel akmusHocmu
MOHOKJI0HaA/TbHbIX BUAT

CniocobHocts adunHo-ounieHHsix BUAT on-
HOBPEMEHHO CBSI3BIBATh JBAa AHTUTCHA MOATBEPKIAIH
¢ nomotsio UDA [8]. s 3TOro moBepxHocts 96-my-
HOYHBIX TOJMCTHPOJIOBBIX IUIAHIIETOB HACHIIAIH
HIgG u unkybuposanu ¢ passeneuusimMu bUAT B mipu-
cyrctBud HRP. MIMMyHHBIE KOMIIJIEKCHI BBISBISIIN C
nomoipio TMBb.

OnpedeneHue KoHUeHMpayuu 6eskos

KonuenTpauuio Oenka OmNpeAensuin MO METOo-
ny Jloypu ¢ MCIIONb30BaHMEM B KadecTBE CTaHJapTa
OBIYBETO CHIBOPOTOYHOTO anbOymuHa. CTaHaapT roTo-
BUJIM UCXONS U3 TOTO, 4To it 1% pactBopa ann0y-
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muHa A) > = 7,6 [13]. KoHUEHTpalMIO OYMIIEHHBIX
OCJIKOB ompeelisiv, nojaras, uro s 1% pactBopa
MBIIUHBIX aHTUTen ANt = 14 [13]; mia 1% pac-
TBOpa OYMIIEHHOH mepokcupasel A% = 22,75 n

Al =73 12].

Onpedenerue HIgG 8 cbisopomke kposu

Conepxanune HlgG B cbhIBOpoTKE KpOoBH ompese-
JSUTM IByMs METOJaMH. B mepBoM HCHONB30BaiM Ha-
00p peareHToB Il IMMYHO(EPMEHTHOTO ONpeeICHUS
koH1eHTpauun IgG B ceiBopoTke KpoBu «IgG oOmmii-
HN®DA-BECT». MeTton ocHOBaH Ha JIByCTaIHIHOM «C3-
vasuu»-Bapuante UPA ¢ npumenennem MKA k HIgG.

Kpome Toro, B Tex k€ ChIBOPOTKaxX COAEp)KaHUE
HIgG omnpenensuu ¢ moMompio pa3paboTaHHOTO HAMHU
KOHKYPEHTHOI'O0 METO/]a, OCHOBAaHHOI'0 Ha MCII0JIb30Ba-
uuu BUAT k HIgG u HRP.

JlyHKH MOMMCTUPOJIOBHIX IUIAHIIETOB HACHIIIA-
mu pactBopoM HIgG (mo 100 mxi Ha nmyHky) B 50 MM
Na-kxapbonarnom Oydepe pH 9,5 B TeueHune Houu npu
KOMHaTHOH Temneparype. Ilocie HacbleHust aHTure-
HOM JIYHKH HECKOJIBKO pa3 oTMbIBaiu 25 MM Na-doc-
¢darueiM Oydepom pH 7,5, comepkammm 150 MM NaCl,
0,05% Tsuna-20. 3areM B KaXAyIO JTYHKY BHOCHJIU IO
20 MKJ CHIBOPOTKH 4Y€JIOBEKa, NPEIBAPUTEILHO pa3Be-
néunout B 1000 pa3 B 25 MM Na-docdarnom Oydepe
pH 7.5, conepxaiem 15 MM NaCl, 0,05% Teuna-20 u
0,2% Obr4bero criBOPOTOUHOrO anhoymuHa (MDA-Oy-
¢dep), a Taxxke 100 MKI pacTBOpa, COAEPIKAILETO
600 ur/mn BUAT u 2 mxr/mn HRP B ykazanHoM
UDA-Gydepe. Ilnanmersr wHKyOMpoBamu 1 4 mpu
37°C, orMbIBaNIM U OKpamuBain pactBopom TMb B Te-
yeHue 15 MUH Ipu KOMHATHON TeMIeparype, PeaKiuio
ocranasiausaiu 1 M pacteopom H,SO, (50 M1 Ha J1yH-
Ky). ONTHYECKYIO IUIOTHOCTD OIPEENSUTN C TIOMOIIbIO
cnekrpodoromerpa mpu 450 um. Konnenrpamuto I1gG
PacCUMTBHIBAIN C TOMOIIBIO KaTHOPOBOYHON KPHUBOW,
JUIsL TIOCTPOEHMS KOTOPOW MCIIOJIb30BaIM CTaHAAPTHI
HlgG B xonuenTpanusx 0; 1,4; 2,8; 6; 12; 24 mr/mi.

Cmamucmudyeckas 06pabomka OaHHbIX

Craructudyeckylo o0pabOTKy NONyYeHHBIX pe-
3yJABTaTOB MPOBOAMIIM C MOMOIUIBbIO MAKeTa Mporpamm
«Statistica for Windows 12.0». KonuuecTBennsie me-
pEMEHHBIE MPECTAaBIUIN B BUJIE CPeIHEro apudmeTu-
4ecKoro (X)) co cpeHEeKBaApaTHIeCKUM OTKJIOHECHHEM
(SD). IlomyuenHble NaHHBIE MPOBEPSUIN Ha COOTBET-
CTBHE 3aKOHY HOpMallbHOro pacrpenenenus (W-kpu-
tepuil [lanupo—Yunka). 3HaUUMOCTh pa3IUyUil MeX-
Iy TpyIIamu OmpeAessiii ¢ nomoiibio U-Kputepus
MaHHa—YUTHU Ul HEe3aBUCUMBIX rpymnm. Pasnuuns
cuuTanu gocrosepHeiMU npu p < 0,05. Koppensuuto
paccuuthiBany no Meroxy Ilupcona.

Pe3synbraTbl

B wHacrosiee wucciieqoBaHue ObLIM BKIIOUYEHBI
30 300pOBBIX JOHOPOB KpOBU (00pa3sipl KpOBH ObLIH
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MoJTyyeHsl A0 MaHjaeMuu; 1-s1 rpynna), 34 310poBBIX
JIOHOpA, BaKLIMHUPOBaHHBIX MpenapaToM «CIyTHUK V»
(ae 6onepmnx COVID-19; 2-5 rpynna), u 31 naiueHr,
WMEBILIUI BBIMUCKY C YCTaHOBJICHHBIM KIMHUYECKUM
nuaraozoM COVID-19 u nmoarBepkacHHEM TUarHo3a
metozaoM I[P (manueHTsl ObLIM TOCHUTATU3UPOBAHBI
B Iepuo/ ¢ Mapta o Hosiopb 2021 r., ¢ mpeobiaganuemM
renoapuanTa Delta Bupyca SARS-CoV-2; 3-s1 rpyn-
na). Bo3pacT 300pOBBIX JOHOPOB U MAIIMEHTOB Bapbu-
poBan ot 18 mo 85 net. [Ipouenypy usmepenus I1gG B
CBIBOPOTKE KPOBU C MOMOIIbIO TUArHOCTHYECKOrO Ha-
oopa «IgG obumit-UDA-BECT» npoBonuiu coriacHO
HMHCTPYKIUHU npousBoautens. Kpome toro, B Tex xe
CBIBOpOTKax conepkanue IgG onpeaensiy ¢ HOMOIIbIO
pa3paboTaHHOTO HAMU KOHKYPEHTHOTO METO/a, OCHO-
BaHHOTO Ha mcrnonb3oBanuu BUAT 75/36, cneunduy-
ueix kK HIgG nu HRP. BUAT, npeacrassitonme codoi
OIMH U3 MPOAYKTOB CEKPELIUU TMOPUITHON THOPUIOMBI
(TeTpamombl), paHee ObUIM HAMH JIETalIbHO OXapakTe-
pU30BaHbl B OTHOLIEHMHM WX AHTUIECHCBA3BIBAIOIINX
cBOICTB ¢ nmomoipio MDA, paanonMMyHHOTO aHATN3a
u buoceHncopa [8, 9].

BUAT 75/36 obnanarot BeICOKOH a)UHHOCTHIO
[0 OTHOIICHHIO K OOOMM aHTHI'€HAM: PaBHOBECHAas
KOHCTAaHTa accolhaluu (Ka) s cesa3eiBanusg BUAT ¢
WMMOOMIIM30BaHHBIM Ha TBepAoH ¢aze hlgG cocraBu-
jga ~ 2,6 x103 M! [9], a ¢ HRP B pactBope ~ 7 x 108
M [15]. Cneuuduunocts BUAT (orcyTcTBHE peax-
UM C JPYTUMHU KJaccaMH MMMYHOTIIOOYIHHOB) Oblia
nonteepxaeHa ¢ nomombio MDA, [l sToro moepx-
HOCTb 96-TyHOUYHBIX MOJUCTHPOIOBBIX MJIAHIIETOB Ha-
CBIIAJH MMMYHOIIOOYIHHAMH YeJIOBEKa KJIacCoB A,
M, E u G u unkybupoBanu c pa3Begenusmu BUAT B
npucyrcrsu HRP. IMMyHHBIE KOMIIJIEKCHI BBISBIISUIA
¢ nomoupo TMb. B pesynbrare MMMYHHbBIE KOMILIEK-
CBbl 00pa30BaJIKCh TOJNBKO B IyHKaX ¢ IMMOOMIIN30BaH-
ueiM HIgG, a c IgA, IgM u IgE yenosexka BUAT 75/36
HE pearupoBaiu (IaHHbIC HE MpeAcTaBieHsbl). [Ipu uc-
[I0JIb30BaHUM KOHKYPEHTHOTO METOJa B KauecTBE OT-

Ta6bnuua 1. KoHueHTpauus IgG B cbiBOPOTKE KPOBU
rocnutanuanpoBaHHblix ¢ COVID-19 naumeHToB
1 B rpynnax cpasHeHus, X + SD

Table 1. The mean concentrations of serum IgG in
COVID-19 patients and in control groups, X + SD

IgG, mr/mn | mg/ml
Ipynna
Group | «IgG obwnn-MOA-BECT» |koHKypeHTHbIN UPA (BUAT)
«lgG Total-ELISA-BEST» bsAbs based EIA
1 (n=230) 10,1+6,6 10,4+ 3,3
2(n=31) 11,5+£6,8 10,8 +5,8
3(n=34) 11,7+£5,6 9,8+4,2

MpumeyaHue. Bce cbiBOPOTKY NaLMeHTOB coaepKanu BupyccneLm-
c¢undeckme aHTU-RBD-aHTUTENA.
Note. All patient sera contained virus-specific anti-RBD antibodies.

pHUILIATEIBHOTO KOHTPOJIS HCIOJIb30BaJId BBITECHEHUE
IgA, IgM u IgE. B xauecTBe mOJOXHUTEIHHOIO KOH-
TPOJIS CITY>KUIIM U3MEPEHHs, MTOTyUYEeHHbIE C TIOMOLIBI0
tecT-cuctembl «IgG obumit-UDA-BECT».

B tada. 1 npexacraBieHsl pe3yasTaTsl Olpesene-
Hus ypoBHs IgG 1ByMsl OMMCaHHBIMH BBILIIE METOJAMHU
B 00pa3snax ChbIBOPOTOK JOHOPOB 3 rpymnil (y OONBHBIX
KpOBb OblIa B3siTa He panee 10 mHEW M He TMO3aHEES
30 nHel mocie MOCTaHOBKM AuarHo3a). CTaTucTu-
YEeCKU JOCTOBEPHBIX PA3IUUYUA MEXAy TpyIamMu He
BbIsIBIIEHO. KoppensuuoHHas cBsi3b € pe3yiapTaTami,
MOJTyYEHHBIMU € MOMOIIbI0 KOHKYpeHTHOro DA, uc-
nois3ytomero bBUAT, Obuta onpenenena Kak cpemHsis
(r = 0,52). Ilpu sTom xouueHtpaius IgG B oOpasiax
CBIBOPOTKM KpOBH NAIE€HTOB WU JOHOPOB M3 TpyII
CpaBHEHHUS BapbUpOBaja B IIMPOKOM JUaNa3oHe: MpH-
Onu3utensHO oT 2,5 10 20 Mr/mi (JaHHbIe HE MpUBe-
neHbl). [lanbHelinee pasiesieHue 310pPOBBIX IOHOPOB U
MAIMEHTOB Ha TP Bo3pacTHele Ipymisl (18—44, 45-64,
65 7eT u cTapiie) TaKKEe HE BBIIBUJIIO CTATUCTUYCCKU
JIOCTOBEPHBIX pa3Nuuuii B KoHIeHTparun 1gG.

Paznenenne oOpa3noB CHIBOPOTKM Ha TPYNIHI B
3aBHCHMOCTH OT I10JIa 3/I0OPOBBIX JIOHOPOB M IMallEH-

Tabnuua 2. KoHueHTpauums IgG B cbiBOpOTKE KpoBU rocnmuTanmanpoBaHHbix ¢ COVID-19 naumMeHToB 1 B rpynnax cpaBHEHUSI

npu pasgenexun no nony, X £ SD

Table 2. The mean concentrations of serum IgG in COVID-19 patients and in control groups depending on sex, X + SD

1gG, mr/mn | mg/ml
fishpn Mon | Sex n IgG o6wMit-VIGA-BekTop-BECT i VIOA
roup «lgG obuynin eKTop » KOHKYPEHTHbIN (BUAT)
«lgG Total-ELISA-BEST» bsAbs-based EIA
1 My>umHbl | Men 16 11,3+£5.2 10,8 +£2,2
YKeHwuHbl | Women 14 8,8+472 98+27
2 My>umHbl | Men 16 11,2+4,4 10,2+2,9
YKeHwwmHbl | Women 18 8,7+3,6 8,3+44
3 My>xuuHbl | Men 13 10,0 £ 3,2 8,8+35
KeHwmHbl | Women 21 1,8+£3,5 10,4 +2,5

MpumeyaHue. Bce CbIBOPOTKM NaLMEHTOB cogepxanu Bupyccneundunyeckme aHtn-RBD-aHTutena.

Note. All patient sera contained virus-specific anti-RBD antibodies.
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TOB (Ta0J1. 2) HE BBIABIIIO PA3IUYMI B CPETHEM YPOBHE
IgG mexny rpynnamu. Yposens IgG y BakuMHUpOBaH-
HBIX JJOHOPOB HE 3aBUCEJI U OT BPEMEHH, IPOILIEAIIETO
OT MOMEHTA BaKLIMHALIMY J10 3200pa KPOBH, B HCCIIEI0-
BaHHEIHN niepuon ot 1 1o 2 mec (Tada. 3).

[ManmenToB (3-1 rpymnmna) AOMOIHUTEIBHO pase-
JWIA Ha JIBE MOJATPYMIIBI B 3aBUCUMOCTU OT YpPOBHS
cneruduueckux aHturen k RBD-antureny SARS-
CoV-2. B oaHy HOATpyHIy OTHECIM MAI[MEHTOB C
ypoBHeM aHTH-RBD-antuten < 400 BAU/mn (3Ha-
YeHHUs BapbUPOBAIM Yy pa3HbIX NAaIMEeHToB oT 18 1o
365 BAU/mn, Bo3pact 27-85 iner), a B JOpyryr0 —
¢ ypoBHeM aHTH-RBD > 400 BAU/mMn (Bo3pact
36-70 net). Kpome Toro, Kaxkayro rpymiy AETHIU 110
noxny. OGHapy»keHo, uto B moarpynmne u3 10 mamueH-
TOB-MYX4HH (CpemHuil BozpacT 59,5 roga), UMEBIINX
Oosiee HHM3KHH YpOBEHb CHEUM(UUECKUX AHTHTEN K
RBD-antureny, konuentpauus [gG npu usmepenuu cu-
cremoit «IgG obumit-MDA-BECT» B cpenHem cocrag-
msna 14,3 £ 4,1 Mr/mi, Torga kak y 6 My»x4uH (cpea-
Hull Bo3pacT 54 rona) ¢ ypoBHeM aHTU-RBD-anturen
> 400 BAU/mn xonnentpauus 1gG cocrapmnsina B cpea-
HeM Bcero 6,9 + 2.7 mr/mi (Tadi. 4). Otu paznuuus Obl-
JIX CTAaTUCTUYECKH 3HAYUMBIL. J[OCTOBEPHBIX pa3Iuduii
y HallMeHTOB-KEHIIUH, pa3fAeIEHHBIX Ha TOATPYIIIIHI 10
3TOMY IOKa3aTeto, He BhIABIEHO. CXOHAast TEHACHIUS
HaOnoanace U Mpyu U3MEPEHHsIX B TeX K€ MOATrpyIl-
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rax ¢ MoMoluplo0 KoHKypeHTHoro M®PA: cpenHee 3Ha-
YyeHue KoHUeHTpauuu IgG ans manueHTOB-MY>KYWH C
ypoBHeM aHTH-RBD-antuten > 400 BAU cocrasisiio
6,9 £ 3,4 Mr/mi1, B TO BpeMsl KaK y MY»XYHH C MEHBILIUM
ypoBHeM cniennpuieckux antuten — 11,2 + 3,9 mr/mn
(Tabn. 4), omHako HaOMIOMAEMbIE PAa3TUUUS MEXKIY
rpyIlnaMy MalueHTOB-MY>KYMH B 3TOM Cilydae He JO-
CTHIJIM CTATUCTUYECKH 3HAYMMOTO YPOBHSI.

O6cyxpeHne

Pesynbrarsl MPOBENEHHBIX HaMHM HM3MEPEHHU
[OoKa3aiH, 4To cpeAHuil ypoBeHb IgG B chIBOpOT-
Kax KpoBHU JA0HOPOB (1-1 U 2-s1 rpymibsl) U NAIMEHTOB
(3-s1 rpynma) He paznmuyancs. OTCYTCTBUE Pa3IAYMiA
COXPAaHSJIOCh U TP pa3/ieliecHUH BEIOOPOK Ha OATPYII-
bl 110 BO3PACTy, MOJIy U BPEMEHHM, MPOMIEIIIEMY OT
Havala BaKIUHAIWU (U1 3J0POBBIX JTOHOPOB) U B3S-
TusA KpoBU. OJTHAKO CTAaTUCTHYECKU 3HAUUMOE CHIDKE-
HUE CpeHero 3HaueHus koiauuectBa IgG B chIBOpOTKE
KpOBU OOHapyXWwiH (MpH U3MEPEHHH TECT-CUCTEMOMN
«lgG o6muii-MDA-BECT») B HeOObIIION rpyHIIE, KO-
TOPYIO COCTABIISUIH Myx)unHbI, Oonesime COVID-19 u
HMMEBILUE BBHICOKUI YpOBEHBb CrIeHU(PUUECKUX aHTHUTEI
k BupycHomy RBD-anTureny B kpoBu (> 400 BAU/mn).
Cpennnii yposenb 1gG B 310l rpynmne ObUT MPUMEPHO
B 2 pa3a HWXE TaKOBOIO y NallME€HTOB-MYXUUH C MEHb-
muM ypoBHeM aHTU-RBD-anturen. MoxHo nipearono-

Ta6bnuua 3. KoHueHTpauws IgG B CbIBOPOTKE KPOBM AOHOPOB B pa3Hble CPOKU MNocre BakuuHauum npenapatom «CnyTHUK V»,

X+S8D

Table 3. The mean concentrations of serum IgG in vaccinated donors, which gave blood at different time points after the last

immunization with «Sputnik V», X £ SD

IgG, mr/mn | mg/ml

Bpewmsi 3abopa KpoBu nocne BakuMHaLmMmn
Time from vaccination to blood donation

«lgG obwumir-NOA-BekTop-BECT»
«lgG Total-ELISA-BEST»

KOHKYPeHTHbI DA (BUAT)
bsAbs-based EIA

B teuenune 1 mec | Within first month 6
Yepes 1 mec | 1 month after 19
Yepes 2 mec | 2 months after 9

9,3+3,7 8,1+56
11,7+£4,8 10,5+3,4
10,3+5,8 9247

Ta6nuua 4. KoHueHTpauums IgG B CbIBOPOTKE KpOBM rocnutanvanpoBaHHbix ¢ COVID-19 nauneHToB ¢ pasnuyHbiM YPOBHEM

aHTuTen k RBD-aHTureHy SARS-CoV-2, X + SD

Table 4. The mean concentrations of serum IgG in hospitalized COVID-19 patients with different levels of anti-RBD antigen

antibodies, depending on sex, X + SD

YpoBeHb aHTU-RBD-aHTUTEN
B CbIBOPOTKE KPOBU

IgG, mr/mn | mg/ml

nauuneHTos, BAU/mMn

Anti-RBD Abs serum level Mon | Sex n
in hospitalized GOVID-19 «IgG obwmin-NdA-Bektop- BECT» KOHKYpPeHTHbI UPA (BUAT)
ospitalize «lgG Total-ELISA-BEST» bsAbs-based EIA
patients, BAU/mI
18-350 (< 400) My>kumHbl | Men 10 14,3+4,1 11,2+3,9
XKeHwwmHbl | Women 1 8,437 8,1+34
Bcero | Total 21 1,2+4,8 9,6+39
2400 My>kuuHbl | Men 6,9+27 6,9+3,4
XKeHuwmHbl | Women 94 +3,8 8,8+23
Bcero | Total 10 79+3,2 7,7+3,1
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KHTb, YTO BEICOKHH YPOBEHb aHTHBHUPYCHBIX aHTUTEN Y
MY’KYHH JaHHOW MOATPYIIBI 0OecnednBacs cuenudu-
YECKUM KJIOHOM (WU Ki1IoHaMu ) B-mumdoruros, HecMo-
TpsI Ha COMyTCTBYIOLIEE CHIDKeHUE obuiero yposHs IgG.

B cBsi3u ¢ UMEIOIUMUCS AJAHHBIMH O BO3MOXKHOM
MIPOrHOCTUYECKOM 3HAYeHUM MOHMKeHUs ypoBHs I1gG
B OTHOILIEHHH Oonee Tsokénoro npotekanuss COVID-19
[3—6, 16] 31O HabmrONCHKUE (MMEIOIIEe CeHYaC TOIBKO
MPeABAPUTENBHBIA XapakTep B CHIIy MaJICHBKHX pa3-
MEpPOB BBIOOPOK) 3aCITy’KMBACT, Ha HAIll B3IV, JaJlb-
HeHIero uccneaoBanus Ha OOJbIIEM YMCIIE MaleH-
TOB U IIPH COMOCTABJICHUH C KITMHUYECKHUMU TaHHBIMH.
B wactHOCTH, M3-32 UX OTCYTCTBHSI HEBO3MOXHO CY-
JUTh O TOM, HACKOJIBKO BBISABJICHHAS HAMH MOATPYMIIA
MAIMEHTOB-MY>KYWH C BBICOKHM YPOBHEM aHTHUTEN K
BUpycHOMY RBD-aHTUreHy U NMOHMKEHHBIM YPOBHEM
IgG cooTBeTCTBYET MO0 CBOMM KIMHHYECKHM OCOOCH-
HOCTSIM TPYyINIIaM CO CHIKEHHBIM ypoBHeM IgG, omu-
CaHHBIM B paboTax OPYrHuX aBTOPOB, IJ€ MPOBOAMIH
CpaBHEHHUE MallUEHTOB ¢ pa3Ho# TskecThio COVID-19
(mpruém 6e3 auddepeHmaniy mo TSHKECTH 3a00s1eBa-
HUS TI0 KITIMHUYECKUM KPUTEPHUSIM, TOIBKO IPU 00IIeM
cpaBHeHHU 1gG y «OONBHBIX» U «3I0POBBIX», pa3iu-
4yl HE BBUIBISUINCH, Kak W B Hamel pabore) [3, 7].
Omnwupasick Ha JaHHBIE JIUTEPATYPBl, MOYKHO TOJIBKO OT-
METHUTb, 4TO NpH TsxkENoM TeueHun COVID-19 gacto
HaOMI0aI0TCs BEICOKUI yPOBEHb aHTHTEN K BUPYCHBIM
anTureHaMm [17] ¥ TUMQOLUTONCHUSI CO CHIDKECHUEM
yucna CD4*-T-xenmnepoB, nurtoTokcudeckux CD8*-T-
KJIETOK M €CTECTBEHHBIX Kuuiepos [7, 18]. B oTHome-
HUU B-KJIEeTOK KapTHHa CIOXHEE: C OAHON CTOPOHBI,
co00MmaNoCh 00 YMEHBIICHUH KOlIMuyecTBa B-kieTok
npu Tspkénom tedennun COVID-19 [3, 4, 18], B Tom
YUCJIE MPU OJHOBPEMEHHOM CHIDKeHUU ypoBHA 1gG [3,
4]. OgHako B IpyroM HCCIEAOBAaHUM TaKUX U3MEHEHHM
B KOJHMYECTBE B-KkieTok He perucTpupoBaiy, HECMO-
Tpsl Ha cHkeHue ypoBHs IgG u IgM (o cpaBHEHMIO €
rpyImnaMy NanueHToB ¢ 3aboNeBaHneM JIETKOU U cpel-
HEeH TSKECTH U KOHTPOJIbHOM rpymmoil) [7]; a B HEKo-
TOpBIX paboTax, HA0OOPOT, OOHAPYKHUBAIH HEKOTOPOE
BO3pacTaHue KonuuecTBa B-nmuMpounTos npu tsxénom
TeueHuu 3aboneBanus [19]. BaxHo, uTo nipu TspKENOM
nporekanuun COVID-19 HeomHOKpaTHO 0oOHapyKMBa-
T U3MEHEHHs COCTaBa Momy/suuu B-nmumgouunTos c
BO3pacTaHUWEM 4YHcJa aHOMallbHBIX B-KieTok mamsatu
Y TUTa3MOITUTOB, 00pa30BaHHBIX B pesyibrare nudde-
PEHLMPOBKU MO 3KCTpadoiLHKyasipHoMy myTH [17,
20, 21]. IIpenmonaraeTcsi, YT0 aHOMaJbHBIC B-KieT-
KM, B-KieToyHble pelentopsl KOTOPBIX HE MOJBEpra-
JIMCh TUTIEPMYyTareHe3y M cellekuuu Ha ahpGuHHOCTD B
(OJTUKYISPHBIX 3apPOIBILIEBBIX LIEHTPaX, MOTYT OBITH
HMCTOYHHUKOM aHTHUTEJ C YMEHbIIEHHOW a((UHHOCTHIO
K BUPYCHBIM aHTUT'€HAM U C IOHWKCHHOU HEUTpAIIU3Y-
Iolel CIOCOOHOCTRIO, 00yCIOBIMBas Oosee TskEnoe
npoTeKkaHne O00Je3HU; KpOME TOTO, OHU MOTYT yCHIIU-
BaTh Ipolecchl Bocnanenwus [17, 20, 21].

Crnenyet Takxe 100aBUTh, YTO Mbl HE OOHAPYKHU-

JI aHAJIOTUYHOTO CHWXeHMs ypoBHs IgG B moarpymmne
JKeHIIHMH ¢ BeIcokuM (> 400 BAU/mut) ypoBHEM aHTH-
BUPYCHBIX aHTHUTeN. HebGombinme pasMepbl BBIOOPOK,
KaKk U OTCYTCTBHE Yy HAC JONOJIHMUTEIbHBIX KIMHHYE-
CKHX JITAaHHBIX, HE TTO3BOJIAET J1€]1aTh MPEATIOIOKEHHH O
MpUYMHAX YKa3aHHBIX pa3lU4yHil MO MOy, XOTS B psfe
WCCJIEZIOBaHUH MOKa3aHO, YTO Y MY)KUHMH Yallle, YeM y
JKeHIUH, HaOmonaeTcsa Tsokénoe teuenne COVID-19,
npUYEM AJIsl HUX XapaKTepeH 1 0osiee BBICOKHUI yPOBEHb
AHTHUTEN K KOPOHABUPYCHBIM aHTUT€HaM, I10-BUJIUMOMY
COMNPSKEHHBIN ¢ HapyLIEHHEM Peryasilud HMMYHHOTO
OTBETa CO CABUTOM B CTOPOHY 3KCTPadOIUIUKYIAPHOI
(T.e. BHE 3apOIBIIICBBIX LEHTPOB) AU PepeHINPOB-
ku B-knetok [21]. BaxxHoe 3Ha4ueHHE MOXKET UMETH U
aHaNIu3 M3MEHEHUH ypoBHsS pasHbIX moxrunos IgG u
JIpYTUX KJIaccoB MMMYyHOroOynuHoB mpu COVID-19.
Tak, HaOmiomanu onpenesiéHHbIe KOPPESIIUU MEXKAY
M3MEHEHUSIMU B COOTHOIIEHUSAX HEKOTOPBIX MOAKJIAC-
coB IgG u xapakrepom nporekanust COVID-19 [16, 22,
23]. Hanpumep, oOHapy:keHa CBA3b MEXK/IY YBEIHMUCHU-
em ypoBH: [gG3 (mpu OTCYTCTBUU U3MEHEHUS CyMMap-
HOTO COZEP’KAaHHS BCEX MOAKIACCOB CHIBOPOTOYHOIO
IgG) 1 NOBBILIEHHBIM PUCKOM Pa3BUTHS TOCTKOBUIAHO-
ro cunapoma [23]. IlokazaHa Koppensuus Mexay Ts-
k&npiM niporekannemM COVID-19, moHmkeHHBIM YPOB-
HeM [gG2 n mumdonmtonenueii [22]. [Ipennonaraercs,
YTO M3-32 HApYIICHUS PEryasU IPOTYKIUH ITUTOKHU-
HOB INepeKiIoueHune kiaccos antuten npu COVID-19
MOXET TPOUCXOAUTH C MPEeUMYLIeCTBEHHBIM 00pa3o-
BanueM IgG1l u IgG3 npu gepuuute 1gG2 [22]. B He-
KOTOPBIX paboTax HaOMIOAa N CBS3b MEXKIY MOHHMKEH-
HBIM YPOBHEM CBIBOPOTOUHOTO IgA u Oomee TsHKENBIM
nporekanrueM Ooie3Hu [6], B To BpeMsl Kak 1Mo APYruM
HaOMOIeHUsIM, Ha000poT, TspkEnoe Teueane COVID-19
COIIPOBOXK/IAJIOCH TIOBBIIIIEHEM YpOBHS IgA [24]. Bme-
CT€ C TEM B HEJABHO NPOBEAEHHOM HCCIIEIOBAHUM HE
OBUIO TMONY4YEHO MOATBEPXKICHUS, 4To ypoBHU IgG m
IgA MOryT Ciy>KUTh MPOTHOCTUYECKUMH KPUTEPSIMU B
OTHOLIEHUH HeOnaronpusTHoro mnporekanust COVID-19
[25]. OnHako aBTOPBI yKa3aHHOW PabOTHhI, KaK U JIPyrue
uccienosarenu [3, 17], moguépKuBarOT, YTO HA PE3yib-
TaThl MOTYT BIIMATH Pa3linyuusl B U3Y4YEHHBIX BHIOOPKaX,
B YaCTHOCTH, OCOOCHHOCTH Teparuu OONBHBIX (HAaNpu-
Mep, Ha3HAYeHHE KOPTHUKOCTEPOMJHBIX IPENaparos,
CHOCOOHBIX CHHYKATh YUCIO JUMQPOLMUTOB U YPOBEHb
UMMYHOIJIOOYJIMHOB, | Jp.).

B nacrosimeit pabore ypoenb IgG B o0Opasiax
CBIBOPOTKM KPOBH 4YEJIOBEKa HU3MEPSIM C IOMOIIBIO
JBYX pa3iuuHbIX MeTonoB TBEpAOodazHoro UDA: «IgG
00muit-MPA-BECT» (ycTpoeH mO NpUHIMITY COH-
JIBUY-METO/Ia) U BHYTPHIIA0OPaTOPHON TECT-CUCTEMOI
Ha ocHoBe BUAT. O6a MeToza Aaiu B LEJIOM COIOCTa-
BHUMBIE PE3YNIBTAThL, XOTs, HAIIPUMED, pa3IHuusl B Cpel-
HEeM ypoBHe cbiBopoTouHOro IgG Mex a1y rpynnamu na-
UECHTOB-MY)KYMH C MEHBUIMM U OOJBIIMM ypPOBHSMHU
aHTu-RBD-anTuTeNn JOCTUralu CTaTUCTUYECKOW 3Ha-
YUMOCTH TOJBKO MPHU MU3MEPEHUH C MOMOIBIO CHCTe-
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Mbl «IgG 00mmi-MDA-BECT» (Tabn. 4). Panee Hamu
ObLI0 MoKa3zaHo, uro BUAT 75/36 ¢ nBoiiHo# crienu-
¢uunocteio k¥ HIgG u HRP moxHO mcmons3oBath B
TBEpAOGazHoM HeKoHKypeHTHOM MDA s onpexene-
HUS crie(UIecKrX aHTUTeN K BUPYCY HMMYyHoaehu-
ruta yenoseka [ 10]. [TonyyeHHble B HacTOsAICH padboOTe
IaHHbIe MOoKa3biBaloT, 4T0 BUAT 75/36 MOXXHO Taxxke
npumenats ajs onpenenenust HigG B popmare KoHKy-
pentHoro TBepaodaznoro MDA, [Ipu atom, B oTarune
OT COHABUY-METOJA, ONHUCAHHBIM KOHKYPEHTHBIA Me-
TOJ] TIO3BOJISIET MPOBOAUTE M3MepeHue IgG B ceIBOpOT-
K€ KPOBH C HCIIOIB30BAHUEM BCETO OJHOIO aHTHUTEIA
(BUAT 75/36) u 6e3 npuMeHEeHHUs! KOHBIOTaTOB BTOPBIX
(metextupyromux) anturen ¢ HRP.
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Monitoring of respiratory viral infections in Moscow
during 2011-2022

Elizaveta N. Vetrova', Alyona I. Chernyshova', Tatiana N. Pritchina’,
|[Elena I. Isaeval', Olga V. Morozova'>

'National Research Center of Epidemiology and Microbiology named after N.F. Gamaleya, Moscow, Russia;
2Federal Research and Clinical Center of Physical-Chemical Medicine, Moscow, Russia

Abstract

Introduction. Respiratory viruses (RV) circulate throughout the world and in all seasons of the year. Long-
term monitoring of the distribution of respiratory pathogens is necessary to analyze the relevance of diagnostic
systems to current viral isolates, to assess the risks of infection and the need for vaccine development and use,
as well as to investigate the interdependence of RV reproduction in mixed infections.

Objective — to study the causative agents of acute respiratory viral infections (ARVI) in Moscow during 2011-
2022 by reverse transcription with subsequent polymerase chain reaction with fluorescent hydrolysis probes
detection in real-time (RT%-PCR).

Materials and Methods. Nasopharyngeal swabs from 3908 patients with acute respiratory infections were
examined by the RT?-PCR.

Results. Monitoring of RV spread in Moscow showed cyclical changes in frequencies with three dominant species:
influenza A virus (up to 31.3%), respiratory syncytial virus (up to 24.8%) and human rhinoviruses (up to 21.3%)
in 2011-2020. The increase in the portion of unidentified clinical specimens from 1.2 to 28.5% in 2022 indicated
incomplete accordance of diagnostic systems to modern RV isolates or the emergence of new species or strains
of pathogens. Unidirectional changes in dynamics were registered for 5 out of 9 studied RV with correlation
coefficients of 0.43-0.79. High frequencies of mixed acute respiratory viral infections (up to 33.4%) along with
unidentified samples do not allow us to accurately assess the risks of infection with various RV in Moscow, but
prove the necessity of preventing infectious diseases with the most common RV.

Conclusion. Analysis of the dynamics of RV frequencies in Moscow showed the preservation of the dominant
species: influenza A virus, respiratory syncytial virus and human rhinoviruses. During the period of vaccination
against COVID-19, the proportion of seasonal coronaviruses increased.

Keywords: respiratory viruses, reverse transcription with real-time PCR, human respiratory syncytial virus
(hRSv), human metapneumovirus (hMpv), human parainfluenza viruses types 1, 2, 3 and 4 (hPiv), human
seasonal coronaviruses (hCov) and SARS-CoV-2, human rhinoviruses (hRv), human adenoviruses of groups B,
C and E (hAdv), human bocavirus (hBov), influenza A (INF-A) and B (INF-B) viruses
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AHHOMayus

BBeaeHue. PecnvpatopHble Bupychl (PB) LMpKynMpyloT NOBCEMECTHO M KpyrnoroanyHo. [JonroBpeMeHHbIn Mo-
HUTOPUWHI pacnpocTpaHeHus Bo3byauTenen pecnmpaTopHbiX MHEKLUA HEOOXOAMM ANA aHann3a CoOOTBETCTBUSA
ONarHOCTUYECKUX CUCTEM COBPEMEHHbBIM BUPYCHBIM U30MsTaM, OLEHKN PUCKOB MHAPULIMPOBAHUS 1 HEOBXxoaumo-
CTU pa3paboTkM U NPUMEHEHUS BaKLUVWH, a Takke A UCccrnegoBaHusl B3aumo3aBUCUMOCTU penpoaykummn PB npu
CMELUaHHbIX MHEKUMSAX.

Llenb paboTtbl — nccnegosaHme Bo3byautenen ocTpbiX pecnnpaTopHbIX BUPYCHbIX nHdekumin (OPBW) B Mockse
B 2011-2022 rT. ¢ nomoLLblo 06paTHON TPAHCKPUMNLIMKU C MOCNEAYOLLEN NONMMMEPA3HON LENHOW peakumnen ¢ rv-
Opuan3aumnoHHO-hIyopeCLEHTHONM AeTeKUMen NPOAYKTOB B peanbHoM Bpemenun (OT-MLP-PB).

MaTtepuansbi u metogbl. Masku HocornoTkm 3908 nauneHtoB ¢ OPBU uccneposaHbl ¢ nomolbio OT-TMLP-PB.
PesynbraTtbl. MOHUTOPWHT pacnpocTpaHeHnss PB B MockBe nokasan LMKNnYeckne N3MeHeHst 4actoT C Tpemst
OOMUHMpYOLWMMKY Buaamu: Bupycom rpunna A (go 31,3%), pecnnpaTtopHo-CvHUMTUAnNbHBIM BUpycom (0 24,8%)
1 puHoBumpycamm yenoseka (Ao 21,3%) B 2011-2020 rr., KOTOPble COOTBETCTBOBANM AaHHbLIM U3 APYrUX perno-
HoB Poccun 1 MMpPOBbLIM TEHAEHLMAM, U BbICOKME YacToThbl BcTpedaemocTn SARS-CoV-2 (31,7%) B 2022 r. PocT
00NN HenaeHTMULMPOBAHHBIX KIMHUYeCKnx obpasuos oT 1,2 go 28,5% B 2022 r. cBMOETENLCTBYET O HEMOS-
HOM COOTBETCTBUM OUArHOCTUYECKUX CUCTEM COBPEMEHHbIM nsonatam PB unu o nosiBneHmMmn HOBbIX BMOOB Unn
LWTaMMOoB BO3Oyautenen. 3aperucTpmpoBaHbl O4HOHaMNpPaBneHHbIE U3MEHEHNSI AMHAMUKN AN 5 u3 9 nayyaemMbix
PB c koaddurumnenHtammn koppensaumm 0,43-0,79. Bbicokne yactoTbl cmewaHHbix OPBU (oo 33,4%) Hapsaay ¢
HemaeHTUMULMPOBaHHLIMKM 06pa3LaMm He NO3BOMSAT TOYHO OLEHUTL PUCKN MHULIMPOBAHUS pasnuyHbeiMn PB
B MockBe, ogHako Aoka3sbiBalT HE0OX0AMMOCTb NPoUNakTUKN MHPEKLMOHHbIX 3aboneBaHuin Hanbonee pac-
npocTpaHéHHbIMKN PB.

3akntoyeHune. AHanus AUHaMuKM 4acToT pacnpocTpaHeHns PB B Mockse nokasan coxpaHeHue JOMUHUPYHOLLNX
BMOOB: BUpYyca rpunna A, pecnnpaTtopHO-CUHLUMTUArBHOIO BUpYyCca 1 pHOBUPYCOB YenoBeka. B neproa BakumHa-
uun npotne COVID-19 yBenunumnack Jonst CE30HHbIX KOPOHABUPYCOB.

KnioueBble cnoBa: pecrnupamopHble supyckl, obpamHasi mpaHckpunuyusi ¢ MNP e peanbHOM 8peMeHuU, pecru-
pamopHo-cuHyumuarsbHbit supyc (hRSv), meman+Hesmosupyc (hMpv), supycei napazpunna 1, 2, 3 u 4-20 murnos
(hPiv), ce3oHHbIe kopoHasupychkl (hCov) u SARS-CoV-2, puHosupyce! Yenoseka (hRv), adeHosupycsi epynn B, C
u E (hAdv), bokasupyc denoseka (hBov), supycsi epunna A (INF-A) u B (INF-B)

Amuyeckoe ymeepxdeHue. ViccrneqosaHne npoBoaMIoch npu 4o6poBoribHOM MHPOPMUMPOBaAHHOM Corfacum nauu-
eHToB. [1poToKkon nccnegoBaHusl ogobpeH ATnYeckMuM KOMUTETOM HaumoHanbHOro MccneaoBaTenbCKoro LieHTpa anum-
aemMuornorun n mvkpobuonorun um. H.®. famanen Munagpasa Poccun (npotokon Ne 18 ot 21.02.2022).

HNcmoyHuk puHaHcupoeaHusi. ABTOpbI 3asBMSAT 06 OTCYTCTBMWN BHELLUHEro (hMHAHCUPOBAHWUSA Npu NPoBEAEHUN 1C-
cnepoBaHus.

KoHgpbnnukm uHmepecoe. ABTOpbI AeKNapupyoT OTCYTCTBUE SIBHLIX W MOTEHUMANbHBLIX KOH(MMKTOB UHTEPECOB, CBS-
3aHHbIX C Nybnukaumnen HacTosLLEn CTaTbu.

Ans yumupoeaHus: Betposa E.H., YepHeiwosa A.U., MputunHa T.H., NicaeBa E.WN., Mopo3oea O.B. MoHUTOpUHT
pecnupaTopHbIX BUPYCHbIX uHdekumin B 2011-2022 ropax B Mockse. )KypHan mukpobuosnoauu, snudemuonoauu u
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Introduction veillance on Consumer Rights Protection and Human

Acute respiratory viral infections (ARVI) ac-
count for about 90% of reported infections annually.
In the world, according to the World Health Organiza-
tion, 2-5 million cases of ARVI are registered annually
with fatal outcomes ranging from 290,000 to 650,000
[1]. In Russia, according to Federal Service for Sur-

Wellbeing, 27.3-41.2 million cases are detected annu-
ally [2, 3]. At the same time, 99% of ARVI are diag-
nosed in children under 5 years of age, mainly in de-
veloping countries [4]. Influenza predominates among
acute respiratory infections: 5-20% in adults and
20-30% in children [5]. Respiratory viruses (RV) en-
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ter the respiratory tract by airborne droplets, replicate
in epithelial cells, and infect other organs and tissues,
causing fever, headache, runny nose, sore throat, and
cough. Besides fever forms of ARVI, complications
in the form of encephalitis, paralysis, and death have
been described [6]. The peculiarities of the course of
ARVI and possible complications are determined by
the properties of the RV (reproductive activity, viru-
lence, pathogenicity), innate nonspecific resistance
and specific immunity of the host [7, 8]. Frequent
acute respiratory infections may suggest disorders of
innate resistance and specific immunity.

Since the symptoms of ARVI are similar, detec-
tion of RV by by reverse transcription with subsequent
polymerase chain reaction with fluorescent hydrolysis
probes detection in real time (RT>-PCR) is the most
specific, sensitive, and widely used method along with
multiplex immunofluorescence analysis and isolation
of infectious strains in permissive cell cultures [4].
However, the phenogenetic variability of viruses due
to spontaneous mutagenesis, genetic rearrangements of
viral quasispecies of RNA viruses, reassortment of seg-
mented genomes, and the absence of viral and cellular
RNA repair systems hampers the development of diag-
nostic systems and is the cause of false-negative results
and unidentified etiologic agents of ARVI.

Currently, more than 200 species of viruses caus-
ing respiratory diseases are known, with the total num-
ber reaching 300, taking into account different sero-
types [9]. Of these, 8 families of viruses are the most

widespread:

* DNA viruses Adenoviridae (over 50 types of
adenoviruses), Parvoviridae — bocavirus (2
types);

* RNA viruses Ortomyxoviridae — Influenza

virus (types A, B, C), Paramixoviridae —
parainfluenza virus (type 4);

* metapneumovirus (types A, B);

* Pneumoviridae — respiratory syncytial virus
(type 2);

» Coronaviridae — coronaviruses (5 types);

* Picornoviridae — rhinoviruses (over 100 types),

* enteroviruses (over 90 types);

* Reoviridae — reovirus [6, 10].

An increase in the proportion of mixed viral and
viral-bacterial associations was noted. The relative fre-
quencies of detection of ARVI pathogens vary depend-
ing on geographic localization, age of patients, methods
of clinical specimen collection, duration of investiga-
tion and methods of pathogen identification [10].

During the COVID-19 pandemic, quarantine
measures, social distancing and widespread use of face
masks limited the spread of all respiratory infections.
There was a decrease in the proportion of samples pos-
itive in RT>-PCR for respiratory infections from 49.8%
(2018-2019) to 39% (2019-2020) and then to 13.4%
(2020-2021) [11].

ORIGINAL RESEARCHES

The objective of this work was to study the caus-
ative agents of ARVI in Moscow during 2011-2022 by
the RT>-PCR.

Materials and methods

Nasopharyngeal swabs from 3908 patients which
were collected no later than in 7 days postinfection
from the onset of ARVI in the period from 2011 to 2022
were kindly provided by the head of the infectious dis-
eases department, Prof. L.V. Kolobukhina (Clinical Hos-
pital of Infectious Diseases No. 1, Moscow) and Dr. M..S.
Savenkova (Morozov Children's City Clinical Hospital
and Pirogov Russian National Research Medical Univer-
sity, Moscow) with the patients' informed consent. Ethi-
cal approval from the Ethics Committee of the National
Research Center of Epidemiology and Microbiology
of N.F. Gamaleya of the Russian Ministry of Health,
Moscow, Russia was taken before starting the research
(Approval Code # 18 2022-02-21).

RV were identified by RT?-PCR using test systems
approved by the Federal Service for Surveillance in
Healthcare of Russia. Total nucleic acids were isolated
by lysis of clinical samples in guanidinium isothiocya-
nate (GITC) solution followed by alcohol precipitation
using the reagent kit "PREP-NA" ("DNA-Technol-
ogy"). For reverse transcription with a random hexa-
meric oligodeoxyribonucleotides, the reagent kit "Re-
verta-L" ("AmpliSens") was used. RNA of respirato-
ry syncytial virus (hRSv), metapneumovirus (hMpv),
parainfluenza viruses of types 1, 2, 3 and 4 (hPiv),
coronaviruses (hCov), human rhinoviruses (hRv), DNA
of adenoviruses of groups B, C and E (hAdv), human
bocavirus (hBov) were detected using "AmpliSens
ARVI-screen-FL" kit; RNA of influenza viruses A and B
(Central Research Institute of Epidemiology) — "Am-
plisens Influenza virus A/B-FL" kit; RNA of SARS-
CoV-2 coronavirus — "RealBest RNA SARS-CoV-2"
kit ("VectorBest") on DT-32 and DT-lite thermocyclers
with fluorescence detection in real time ("DNA-Tech-
nology"). In case of simultaneous detection of genome
fragments of more than one RV in a nasopharyngeal
swab, viral infections were considered as co-infections
(mixed).

In total, 3908 nasopharyngeal swabs (1 from each
patient) collected in Moscow were analyzed. SARS-
CoV-2 RNA detection was performed only in 2022 due
to the isolation of COVID-19 patients from ARVI pa-
tients in hospitals in 2020-2021 and the need for an ad-
ditional sanitary and epidemiologic permission for the
research.

Statistical analysis of RV distribution was per-
formed using the software "Microsoft Excel". Differ-
ences were considered significant at p < 0.05 [12].

Results

To analyze the distribution of ARVI etiological
agents, 3908 patients were examined in Moscow in the
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Table 1. Monitoring of ARVI pathogens in Moscow in 2011-2022 by RT%-PCR, frequency of occurrence, % of total number of

samples
Year
Virus

201 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Amount of studied samples 478 437 369 383 376 339 405 215 240 310 113 243
hRSv 111 20,4 19,2 141 4,5 24.8 10,4 29 3,2 12,7 0,0 0,0
hMpv 13,4 3,2 7,0 55 1,6 1,8 3,7 6,6 6,6 5,2 4,4 0,0
hPiv 3,8 5,0 3,8 6,0 13,6 1,5 7,9 6,0 6,7 1,3 6,2 2,7
hCov 4,0 2,5 6,5 9,9 1,3 1,2 3,0 1,9 3,9 3,6 19,5 0,0
hRV 14,9 21,3 18,4 13,6 2,1 11,5 12,3 7,9 8,8 15,2 71 0,0
hAdv 13,4 1,1 6,0 8,6 25,0 2,9 4,4 10,3 8,3 6,5 53 5,9
hBov 29 21 4,6 4,7 0,8 11,2 6,2 2,3 2,6 10,7 0,9 0,0
INF-A 19,2 34,3 10,0 14,9 21,3 20,4 15,3 17,3 19,0 12,7 1,8 1,2
INF-B 1,7 0,5 41 1,0 2,1 8,3 4.4 0,8 1,2 3,2 0,0 1,2
Mix 12,1 7,8 17,3 19,3 25,5 15,3 26,7 29,9 33,4 241 31,0 28,8
N/I 3,6 1,8 3,0 2,3 2,1 1,2 57 141 6,3 4,8 23,8 28,5

Note. Mix — mixed infections; N/l — not identified samples.

period from 2011 to 2022. The frequency of detection
of respiratory syncytial virus, metapneumovirus, para-
influenza viruses, seasonal coronaviruses, rhinoviruses,
adenoviruses, bocavirus, influenza A and B viruses,
co-infections with the detection of at least 2 RV in a
sample and unidentified samples in 2011-2022 are pre-
sented in Table 1.

The relative frequencies of each respiratory vi-
rus varied over the 12 years of observation. Before the
COVID-19 pandemic in 2011-2020, three respiratory
viruses (INF-A, hRSv, and hRv) predominated, then
their relative frequencies decreased significantly. De-
spite mass immunization against influenza with triva-
lent and quadrivalent vaccines containing IFN-A and
IFN-B antigens in Moscow since 2017, the detection
rate of the influenza A virus in nasopharyngeal swabs
of ARVI patients remained high until 2020. A signi-
ficant decrease in the portion of influenza A virus was
observed only in 2021-2022, which could probably be
due to both quarantine measures and mask regime, and
the coverage of more than half of the Russian popula-
tion with vaccination against influenza [5]. Noteworthy
the non-synchronous and not unidirectional changes in
the percentages of influenza A and B viruses. INF-B de-
tection frequencies remained in the range from 0.5% to
4.4% throughout the entire observation period with the
only exception with growth of the influenza B virus rate
up to 8.3% in 2016.

A high incidence of SARS-CoV-2 (31.7%) was
registered in 2022, despite nonspecific and specific pro-
phylaxis, as well as sanitary and educational work. The
use of vector vaccines against COVID-19, in particular,
the "Sputnik-V" vaccine based on AdS and Ad26 adeno-
viruses, did not lead to a significant decrease in the per-
centage of adenoviruses in the total etiologic structure

of ARVI morbidity in Moscow (Table 1). In the absence
of vaccines against most ARVI, the relative portions of
the other studied RV remained minor. The maximum
frequency of hMpv (13.4%) was registered in 2011 and
in subsequent years did not exceed 7%. There was an
increase in the frequency of mixed infections, which
could be due to both disorders of innate and adaptive
immunity among patients with ARVI and independent
spread and increased reproduction of viruses.

In recent years, the relative rate of unidentified
samples among ARVI patients with clinical symptoms
has increased to 28.5% (Table 1), indicating an incom-
plete correspondence between licensed diagnostic test
systems and circulating respiratory pathogens, the ge-
netic diversity of strains of known viruses, and the pos-
sible emergence of new pathogens.

Analysis of the dynamics of the spread of ARVI
etiological agents showed high correlation coefficients
() between hRSv and hRv (» = 0.77), hRSv and hBov
(r=0.66); hRSv and INF-B (= 0.64); hRSv and INF-A
(r = 0.52); hBov and INF-B (» = 0.79), suggesting the
existence of the first group of RV (Table 2; Figure, a).
The second group of RV with similar distribution dy-
namics included hPiv and hAdv with » = 0.70 (Table 2;
Figure, b).

Based on the correlation analysis of the dyna-
mics of distribution (Table 2), 4 groups of RV were
identified (Figure). Unidirectional changes were de-
tected for 5 RV, including respiratory syncytial vi-
rus, human rhinoviruses, human bocavirus, influenza
A and B viruses. Maximum values of detection fre-
quencies of hRSv and human hRv were registered in
2012, 2016 and 2020, which suggests cyclic changes
with rises every 4 years. For INF-A, high frequencies
were found in 2012, 2015-2016 and 2019. This group
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Dynamics of the spread of respiratory viruses in 2011-2022.

is distinguished by similar but not identical dynamics
for another group consisting of hAdv and hPiv, with a
maximum in 2015 (Figure, b). For seasonal coronavi-
ruses, low forward and inverse correlation coefficients
(Table 2) indicated independent distribution with two
peaks in 2014 and 2021 (Figure, c¢). The hMpv detec-
tion frequencies were also inconsistent with the other

groups with a peak in 2011 and subsequent fluctua-
tions at a relatively low level (Figure, d).

A comparative analysis of the annual mean val-
ues of RV frequencies in 5 Russian cities (Moscow,
Yekaterinburg, Kazan, Rostov-on-Don, St. Petersburg)
in 2014-2018, in Moscow during the years 2011-2022,
and in the world (Table 3) showed the prevalence of
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Table 2. Correlation coefficients of the dynamics of RV frequencies

Virus hRSv hMpv hPiv hCov hRv hAdv hBov INF-A INF-B

hRSv 1,00 0,05 -0,41 -0,20 0,77 -0,40 0,66 0,52 0,64
hMpv 0,05 1,00 -0,15 0,19 0,45 0,14 -0,01 0,11 -0,20
hPiv —-0,41 -0,15 1,00 0,05 -0,38 0,70 -0,52 0,21 -0,31
hCov -0,20 0,19 0,05 1,00 0,07 -0,16 -0,17 -0,45 -0,35
hRv 0,77 0,45 -0,38 0,07 1,00 -0,47 0,43 0,49 0,17
hAdv -0,40 0,14 0,70 -0,16 -0,47 1,00 -0,36 0,09 -0,20
hBov 0,66 -0,01 -0,52 -0,17 0,43 -0,36 1,00 0,12 0,79
INF-A 0,52 0,11 0,21 -0,45 0,49 0,09 0,12 1,00 0,09
INF-B 0,64 -0,20 -0,31 -0,35 0,17 -0,20 0,79 0,09 1,00

Note. Values corresponding to high correlation coefficients (r = 0.43) are in italic; data corresponding to correlation coefficients r= 0 are

in bold.

3 types of RV: INF-A, hRv, and hRSv. The dominance
of RV in the world did not depend on specific prophy-
laxis, since the existing vaccines against influenza in-
clude INF-A and INF-B strains, vaccines against oth-
er acute respiratory viral infections are at the stage of
clinical trials and are not used for mass immunization.
Minimal average annual frequencies were detected for
hMPYV both in the world and in most regions of Rus-
sia, with the exception of Saint Petersburg (Table 3). At
the same time, the portion of h(MPV in Saint Petersburg
(3.0%) was comparable to other regions of Russia. Hu-
man bocavirus was also rarely detected in most Russian
cities, but global trends are not known [4].

RT?-PCR provides quantitative estimates of ge-
nome-equivalents in the reaction mixture. However,
clinical samples of nasopharyngeal swabs are not stan-
dardized, that excludes the possibility of calculation the
number of virions per unit of volume or per host cell.
Low viral loads were a peculiarity of the results of RT?-
PCR of nasopharyngeal swabs of patients with ARVI.

Discussion

ARVl are dangerous due to their ubiquitous spread,
year-round circulation, high contagiousness and risk of
complications, including pneumonia, acute respiratory
failure, infectious toxic shock, meningitis, encephalitis,
paralysis, acute distress syndrome, as well as associat-
ed chronic diseases — bronchial asthma, chronic ob-
structive pulmonary disease, liver, kidney, cardiovascu-
lar diseases, leading to fatal outcomes [9]. Therefore,
monitoring the distribution of etiologic agents of acute
respiratory infections is necessary to improve diagnos-
tic systems, to control their compliance with modern
RV, to assess the risks of infection of the population
in different regions and socio-demographic groups, the
need to develop vaccines and their economically justi-
fied large-scale application.

The comparative analysis of RV distribution in
Moscow showed periodic variations with preservation
of dominance of three types: INF-A, hRSv and hRyv,
which corresponded to the spectra of etiological agents

Table 3. Comparison of annual mean frequencies of viral infections in Russia and in the world, %

Russia

Virus Moscow Ekaterinburg Kazan Rostov-on-Don St. Petersburg World
2011-2022 | 2014-2018 [13] (13] (13] (13] [13] l

hRSv 10,3 4,6 1,9 16,0 10,1 13,4 26,0
hMpv 4,9 04 3,3 1,3 3,2 3,0 3,0
hPiv 5,4 25,5 71 57 8,5 5,3 8,0
hCov 4,8 0,5 3,9 1,8 2,6 1,4 -

hRv 1,1 2,4 24,6 26,0 19,6 15,4 35,0
hAdv 8,2 6,8 4.1 57 18,2 6,7 4,0
hBov 4.1 0,1 1,6 4,2 3,9 2,5 -

INF-A 15,6 49,5 38,9 25,8 25,8 324 10,0
INF-B 2,4 10,1 4,6 13,5 8,1 20,0 5,0

Note. Cells corresponding to the dominant RV species are marked with bold font.
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of ARVI in 5 cities of Russia [13, 14] and all over the
world [4] (Table 3), due to globalization and determined
the necessity of common measures of prevention, di-
agnostics and treatment. Analysis of the dynamics of
RV distribution in Central Europe during 10 years also
shows that influenza viruses were detected in almost
half of the samples regardless of influenza immuniza-
tion and quarantine restrictions during the COVID-19
pandemic [15]. Despite reports of an increase in the
percentage of influenza B virus in 2019-2022 in Russia
and in other countries [5, 16], the results of RV moni-
toring in Moscow (Table 1) showed no changes in the
dominance structure. During the period of a significant
decrease in the frequency of INF-A in recent years, no
increase in the proportion of INF-B was found. One
of the possible reasons is the coverage of the Moscow
population with immunization against influenza. In
Russia, the decree of the Chief State Sanitary Doctor
for the 2020-2021 season sets the goal of influenza vac-
cination coverage of at least 60% of the population and
75% of citizens in risk groups [17]. Starting in 2017,
Russia vaccinated more than 40% of the population
annually, in 2019 — 50.5% of the population [5], in
2020 there was a decrease to 41.2%, with only 6.9% of
children with laboratory-confirmed influenza needing
hospital treatment [17]. In 2020, immunization with the
Russian seasonal trivalent inactivated vaccine showed
a decrease in antibody levels to all vaccine components
2.6-3.5 times below the protective level (titer in hem-
agglutination inhibition reaction < 1/40) in 6—7 months
after vaccination, indicating instability of vaccine-in-
duced humoral immunity against INF-A and INF-B
viruses; dependence on the age of vaccinated persons
(children 3—14 years old had a more active response
compared to older persons, despite the immaturity of
the immune system of children); insufficient immuno-
genicity of vaccine components of influenza B viruses,
which led to an increase in the incidence of influenza B
virus among etiological agents of ARVI (Table 1) and
an increase in the incidence of influenza B, as well as
an inverse correlation between the level of pre-exist-
ing antibodies to influenza viruses and the secretion
of antibodies to new vaccine strains, which is due to
the known effect of "original antigenic sin" [18]. One
should note that the growth of influenza incidence to
the maximum value in 2021 (in Russia— 14.96 per 100
thousand of the population; in Moscow — 65.99 per
100 thousand of the population) during the COVID-19
pandemic with the immune layer of more than 60% with
the dominance of antibodies against the influenza B vi-
rus. The persistence of influenza A virus in the aquatic
environment, among aquatic and near-water mammals
and birds, determines the risks of the emergence of new
mutant variants that escape from host immune system
[19].

Monitoring of RV distribution in Japan showed
periodic changes in hRSv frequencies with a temporary

ORIGINAL RESEARCHES

decrease during the COVID-19 pandemic similar to our
observations and high frequencies of hRV occurrence
[20]. RT*-PCR screening in 26 regions of Russia in 2020
showed a maximal rhinovirus detection rate of 7.32%
both in the interepidemic period and at the beginning
of the epidemic season [21, 22], which corresponded
to a significant portion of rhinoviruses in the etiologic
structure of ARVI in Moscow in 2020 (Table 1). The
proportion of individuals seropositive to rhinovirus at
the beginning of 2022 was 77.8% [16], which could be
due to high frequencies of human rhinovirus spread in
the previous 2 years (Table 3). In Saint Petersburg, a
seasonal cyclicity of circulation was revealed for the
prevalent hRSv and hRV species [14]. The observed
differences in frequencies are probably determined by
the limited sample size, geographical and socio-demo-
graphic differences, and are a consequence of the lack
of standardization of nasopharyngeal swab collection
methods, instability of viral genomic RNA during stor-
age, and rapid evolutionary variability of RV. Current-
ly, additional methods of multiplex analysis are being
developed for RV monitoring with high sensitivity and
specificity based on microfluidic technologies, biosen-
sors, liquid chromatography with mass spectrometry,
etc. [23]. In addition to traditional laboratory methods,
it has been proposed to use Internet-of-Things computer
technologies, which, by analyzing large amounts of data
on human behavior and the environment using mathe-
matical and statistical models, increase the probability of
detecting epidemic outbreaks at early stages [23].

Parainfluenza viruses in 2020 in Russia occurred
with similar frequencies both in the interepidemic pe-
riod (1.09%) and at the beginning of the epidemic sea-
son (1.05%). The prevalence of other etiological agents
of ARVI and influenza A and B viruses did not exceed
1% on average in Russia [21]. In 2021-2022, the prev-
alence of SARS-CoV-2 was 15%, of human coronavi-
ruses — 12%, the prevalence of other RV — from 0.05
to 9% [22].

In 2020-2021, with low activity of influenza vi-
ruses, the etiological role of bocavirus and metapneu-
movirus was found to increase, while the frequency of
isolation of parainfluenza viruses, adenoviruses, rhino-
viruses and respiratory syncytial virus decreased [24].
Our data (Fig. 1) also show a significant increase in the
frequency of bocavirus to 10.7% in 2020. For metap-
neumovirus, a peak in prevalence was recorded in the
previous 2018-2019, followed by a gradual decline
(Fig. 1). Detection frequencies of hAdv depended on
the sample studied, as adenovirus infection was preva-
lent in organized collectives [14].

Despite all non-specific and specific COVID-19
prevention measures in 2020-2022, the part of samples
containing SARS-CoV-2 was 31.7% in 2022 (Table 1).
However, seasonal coronaviruses were not detected
in the absence of other RV, although the portion was
19.5% in 2021. Possible reasons were the phenogeno-
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typic variability of the RNA-containing coronaviruses
of the four genera: Alphacoronavirus, Betacoronavi-
rus, Gammacoronavirus and Deltacoronavirus, among
which a-coronaviruses HCoV-229E and HCoV-NL63,
B-coronaviruses HCoV-OC43, HCoV-HKU!1 are de-
tected in humans with signs of acute respiratory in-
fections, escape mutant virus variants from the host
immune response and persistence of viruses in the en-
vironment, among wild reservoir hosts, domestic and
farm animals. The natural reservoirs of Alphacoronavi-
rus and Betacoronavirus are rats, birds, mammals and
fish. Persistent infection with fecal excretion of viruses
has been detected in poultry and pigs [19]. In addition
to the widespread occurrence of coronaviruses in hu-
mans worldwide, as confirmed by retrospective sero-
logic analysis, they are common in bats: the level of ho-
mology of amino acid sequences of SARS-CoV-2 and
RaTG13 (coronavirus from bats and reptiles) is 97%
[25]. Stabilty of parasitary systems is known to be sup-
ported by the diversity of reservoir hosts, differences in
their population dynamics [26] and the persistence of vi-
able viruses in the environment. To assess epidemiologic
risks, RV monitoring by RT?-PCR with high sensitivity
and specificity not only in clinical samples but also in
aerosols is proposed [27].

The specific immune response induced by vac-
cines leads to selection of new variants of viral quasi-
species of RNA-containing viruses resistant to neutral-
ization by specific antibodies and causes acceleration of
molecular evolution of viruses.

In the absence of vaccine prophylaxis against
most minor ARVI, their relative portions remain stably
low (Table 3), and new dangerous virus variants have
no selective advantage. Prolonged co-evolution of hu-
mans and most RV has led to weakening of pathogenic
properties, reduction of viral loads and host survival for
successful virus reproduction and spread.

During 12 years of observation, an increase of un-
identified clinical specimens from patients with symp-
toms of acute respiratory infections from 1.2% to 28.5%
was noted, which could be due to bacterial respiratory
infections with similar symptoms and/or sequence mis-
matches between primers and probes used in RT?-PCR
and genomes of current RV. High frequencies of mixed
infections in the range of 7.8-33.4% may be a conse-
quence of the lack of virus interference during repro-
duction in human cells, independent reproduction of RV
and/or immunodeficiencies in the Moscow population.
Correlation analysis of the dynamics of RV spread
(Table 3) showed significant interdependence for 5 out
of 9 studied etiological agents of ARVI, including all 3
dominant species — INF-A, hRSv and hRv, as well as
INF-B and hBov (Figure a). Predominant coinfection
with rhinoviruses and bocavirus with high correlation
coefficients have also been reported in long-term mon-
itoring in Central Europe [15]. The second group inclu-
ded hAdv and hPiv (» = 0.7) with a peak in 2015 (Figu-

re b). There was no significant correlation between the
distribution dynamics of seasonal coronaviruses (Ta-
ble 2; Fig. ¢) and metapneumovirus (Fig. d) and other
RV analyzed. Further monitoring is needed to analyze
the correlation of the distribution dynamics of seasonal
hCov (Figure, ¢), SARS-CoV-2, and other RV [20]. The
cyclical ups and downs in the ffrequencies of RV detec-
tion may be due to regular changes in herd immunity
associated with varying frequencies of acute respiratory
infections.

The observed frequencies of mixed infections with
2 and 3 RV were higher than theoretically expected val-
ues under the assumption of independent distribution
of pathogens, indicating the absence of interference be-
tween most RV, possibly due to defects in the interferon
system in etiological agents of ARVI.

One should note the part of individuals infected
with viruses without symptoms of acute respiratory
infections is 0.25-6.09% of the population. Asympto-
matic virus carriers are involved in RV circulation and
increased incidence [22, 27].

Conclusion

During 2011-2022 in Moscow the etiologic struc-
ture of ARVI was rearranged with 3 dominant species
remaining: influenza A virus, respiratory syncytial vi-
rus, and human rhinoviruses. During the period of re-
strictive measures of nonspecific prophylaxis and mass
immunization against COVID-19, the portion of sea-
sonal coronaviruses increased significantly, possibly
due to a-coronaviruses.
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MoneKynsapHO-3NNAEeMNOIOrMYeCKNin MOHNTOPUHT NONynALUN
BO30yauTens TybepKynésa B ApxaHrenbckom obnactu

BasoBasa A.A."™, Enucees IN.1.%, TepacumoBa A.A.", ConoBbeBa H.C.3,
Hukuwosa E.N.2, Hapeckas O.B.", Mokpoycos WU.B.!, MapbsaHabiweB A.O.2

'CaHKT-lNeTepbyprcKkuin Hay4YHO-UCCNEROBATENbCKNIA MHCTUTYT SNMAEMUONONUI U MUKpobronorum nm. Mactepa,
CaHkTt-TNeTepbypr, Poccus;

2CeBepHbIl FOCYAapCTBEHHbIV MeAVLMHCKNIA YHBepCUTeT, ApxaHrenbcK, Poccus;

3HayuHo-uccnegoBaTenbCKmin MHCTUTYT dTr3nonynbmoHonoruy, CaHkT-Metepbypr, Poccus

AHHOMauus

BeepgeHue. Ha doHe ynyylleHns OCHOBHbIX 3NUAEMMONOrMYecknx nokasarenen (3abonesaemocTb U cMepT-
HOCTb) no Ty6epkynéay (Th) B ApxaHrenbcko obnactu 4ons Bnepsble BbisiBNEHHbIX 60MbHbIX T ¢ MHOXeCTBEH-
HOW NiekapCTBEHHOW ycTonumBocTeio (MITY) Bo3byanTtenst yeenvnumnack ¢ 18,7% B 2002 . no 33,8% B 2018 1.
Llenbto nccnenosaHus Gbina reHOTMNMYECKas XxapaktepucTuka wrammos Mycobacterium tuberculosis, nonyyeH-
HbIX OT BrepBble BbisIBNEHHbIX 60bHbIX TH B ApxaHrenbckon obnactn B 2018 r.

Matepunanbl n metoabl. 3yyeHbl 89 wrammoB M. tuberculosis, BeigeneHHbix B 2018 . OT BnepBble BbISIBNEH-
HbiX 6onbHbIX Th. MpuHagnexHocTb k reHoTuny Beijing, knactepam B0/W148 n Central-Asian/Russian Beijing
onpeaensanu ¢ nomoubto MNUP-getekunmn cneundunyeckux mapkepos: nHcepuun 1IS6770 B obnactu dnaA-dnaN,
MyTauun B kogoHax 48 reHa mutT4 (CGG>GGG) u 58 reHa mutT2 (GGA>CGA), BctaBku 1IS6770 B obnactu
Rv2664-Rv2665 n Rv1359-Rv1360, 3ameHbl G>A B reHe sigE. LLTammbl non-Beijing 6binv cnonurotunnposaHsi.
Pe3synbraThl. JlekapcTBeHHON ycTonM4mBoCTbO obnaganu 41,6% (37/89), MIY — 33,7% wtammoB. Y 90%
(27/30) MITY-WwWTaMMOB YCTOMYMBOCTb K pudamnuuuHy 1 u3oHnasugy 6bina obycnoeneHa mytaumsmu rpoB
Ser531Leu v katG Ser315Thr. BuiasneHbl reHotunel M. tuberculosis: Beijing (67,4%), T (14,6%), Ural (4,5%),
Haarlem (4,5%), LAM (2,3%) n CAS1-Delhi (1,1%). Cpean wrammos Beijing npeobnaganu knactepsl Central-
Asian/Russian (60%; 36/60) n BO/W148 (30%; 18/60). BonbwmnHcTBo MITY-LUTaMMOB NpUHaanexanu K cemen-
ctBy Beijing (93,3%; 28/30), u3 kotopbix 64,3% (18/28) n 21,4% (6/28) — k knactepam BO/W148 n Central-Asian/
Russian cooTBeTCTBEHHO.

3akntoueHume. B reteporeHHor nonynsaumm Bo3dyautens T ApxaHrenbckoi obnactn Hanbornee pacnpoCTpaHEH-
HbIMKM BbINK WTamMmMbl reHoTuna Beijing, npnyém B 2018 1. ero gonsa ysenudunace Ao 67,4% (8 1998-1999 rr. —
40,4%). Cpean MITY-wtammos gons Beijing gocturna 93,3%, 13 Hux 6onee nonosuHbl (64,3%) npuHagnexanu
K 3NnaeMmnOoriorMiyeckn 1 KIMHMYeckn sHadumomy B Poccnm knactepy BO/W148.

KnroueBble cnoBa: Mycobacterium tuberculosis, MHOXecmeeHHas fiekapCmeeHHasi ycmou4ueocmab, Crionueo-
munuposaHue, 2eHomun Beijing, knacmep Central-Asian/Russian, knacmep BO/W148

Amuuyeckoe ymeepxdeHue. ViccrenoBaHue npoBoaniock Npyu 4o6poBonbHOM MHEPOPMUPOBAHHOM COrnacumn naum-
eHTOoB. [NpoTokon uccnepgoeaHus ogobpeH dtnyecknum kommutetom CaHkT-Metepbypreckoro HUW anngemunonoruv n mu-
Kpobuonoruu um. Mactepa (npotokon Ne 61 ot 02.04.2020).

UcmoyHuk chuHaHcupoeaHus. ViccrnenoBaHune BeINOMHEHO Npu onHaHcoBow nogaepxke PH® 19-14-00013.

KoHgbniukm uHmepecoe. ABTOPbI AEKNapupyOT OTCYTCTBUE SIBHLIX U NOTEHLMANbHBLIX KOH(IUKTOB MHTEPECOB, CBSI-
3aHHbIX C Ny6rvkaumen HacTosILLEeN cTaTbu.
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Hapeckas O.B., Mokpoycos W.B., MapbsHabiwes A.O. MonekynspHoO-anmaeMmonormyeckuii MOHUTOPUHT NONynsLumm
B030OyanTens Ty6epkynésa B ApxaHrenbckon obnactu. XKypHan Mukpobuonozuu, anudemuonoauu U UMMyHobuomoauu.
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Abstract

Introduction. Against the background of improvement of the main epidemiological indicators (morbidity and
mortality) for tuberculosis in the Arkhangelsk region, the proportion of newly diagnosed tuberculosis patients with
multidrug-resistant pathogen (MDR-TB) increased from 18.7% in 2002 to 33.8% in 2018.

The purpose of this study was the genotypic characterization of Mycobacterium tuberculosis strains obtained
from newly diagnosed tuberculosis patients in the Arkhangelsk region in 2018.

Materials and methods. 89 M. tuberculosis strains isolated in 2018 from newly diagnosed tuberculosis patients
were studied. Beijing genotype, its clusters BO/W148 and Central Asian/Russian were determined by PCR
detection of the specific markers: IS6770 insertions in the dnaA-dnaN region, mutations in codons 48 of the
mutT4 gene (CGG > GGG) and 58 of the mutT2 gene (GGA > CGA), IS6710 insertions in the Rv2664 region-
Rv2665 and Rv1359-Rv1360, substitutions G > A in the sigE gene. Non-Beijing strains were spoligotyped.
Results. Drug resistance was detected in 41.6% (37/89), MDR — in 33.7% of strains. In 90% (27/30) of MDR
strains, resistance to rifampicin and isoniazid was due to rpoB Ser531Leu and katG Ser315Thr mutations.
Following M. tuberculosis genotypes were identified: Beijing (67.4%), T (14.6%), Ural (4.5%), Haarlem (4.5%),
LAM (2.3%) and CAS1-Delhi (1.1%). Among the Beijing strains, clusters Central-Asian/Russian (60%; 36/60) and
B0/W148 (30%; 18/60) prevailed. The majority of MDR strains belonged to the Beijing family (93.3%; 28/30), of
which 64.3% (18/28) and 21.4% (6/28) belonged to clusters BO/W148 and Central-Asian/Russian, respectively.
Conclusion. In heterogeneous population of the causative agent of tuberculosis in the Arkhangelsk region, the
most common strains were those of the Beijing genotype; in 2018 its share increased to 67.4% (40.4% in 1998—
1999). Among MDR strains, the proportion of Beijing reached 93.3%, of which more than half (64.3%) belonged
to the epidemiologically and clinically significant in Russia cluster BO/W148..

Keywords: Mycobacterium tuberculosis, multidrug resistance, spoligotyping, Beijing genotype, Central-Asian/
Russian cluster, BO/W148 cluster
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BeepeHue GonbHBIX TB ¢ MHO)KECTBEHHOM JIEKAPCTBEHHON YCTOM-

Onuaemuueckas curyanus mno tyoepkynésy (Th)
B ApXaHrenbckoil oOmactu, kpynmHoMm pervoHe Cese-
po-3amanHoro denepanbHoro okpyra (C3®0) Poccun,
B 2018 . 3HAYUTENBHO YITYyUIINIACH [0 CPABHEHUIO C
2000 r.: mokazarenu 3a00JEBaeMOCTH M CMEPTHOCTH
Ha 100 TeIC. HAaceneHus cHu3mwMch ¢ 48,0 1o 20,7 u
¢ 16,5 1o 2,0 COOTBETCTBEHHO U CTAlIM HIKE CPEIHUX
nokaszareneii (44,4 u 5,8 cooTBeTCTBeHHO) 10 Poccuu
3a 2018 1. [1-4]. Ognako, no ganasiM DeaepanbHOTO
neHTpa Monuropunra Th, momns BriepBbie BBISBICHHBIX

ynBocThio (MJIY) Bo3Oyautens (MJIY-TB) yBenuuu-
nack ¢ 18,7% B 2002 r. 7o 33,8% B 2018 1. (30,4% 1o
C3d0, 31,9% no Poccumn) [2, 4]. B 1990-x rT. ObLIH
pa3paboTaHbl OCHOBHBIE TEXHOJOTMU BHYTPHUBHIO-
Boii auddepenuuanun wramMmmoB Mycobacterium
tuberculosis, KOTOpbIE MOCITYXUIH HHCTPYMEHTOM IS
HaKOTUJICHHS TAHHBIX O TeHETHYECKOU CTPYKTYpE MOIy-
Ml Bo30ynuTens Ha TeppuTopusix Poceun [3, 5, 6].
MoneKkynsIpHO-TeHETHUECKUE HCCIICI0OBaHUs  BO30Y-
mutenst Th, mpoBenénnbie B ApXaHTelbCKOH o0nacTu

© Vyazovaya A.A., Eliseev P.I., Gerasimova A.A., Solovieva N.S., Nikishova E.|., Narvskaya O.V., Mokrousov 1.V., Mariandyshev A.O., 2023
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BriepBeie B 1998—-1999 rr., a 3atem B 2004-2006 1T,
chopmupoBanu o0IIee MPEACTABICHHE O HEOIHOPOI-
HoCTH nonyJsituu M. tuberculosis, B 4aCTHOCTH O LUP-
Kymsiqun MJIY-1ITaMMOB TEHETUYECKOTO CEMENCTBA
Beijing [3, 7].

Lenb1o HacTOAIIETO UCCIICAOBAHYSI ObllIa TCHOTH-
MUYeCcKas XapaKTepUCTUKa TaMMoB M. tuberculosis,
MOJTYYEHHBIX OT BIIEPBBIC BHIABICHHBIX 00MbHBIX TH B
Apxanrenbckoii oonactu B 2018 1.

MaTepman bl N meToAbl

ConnacHo odunuanbHbeIM naHHbIM, B 2018 T. B
ApXaHTrenbcKoi 001acTH BIEpBbIE BBIABICHHI 198
oonpHbix Th nérkux (bamwuisapaas gopma — 162,
KyJIbTypaibHO MOATBepkaeHO — 134). JlocTynHbIMU
IUTSL MOJIEKYJISIPHO-TE€HETHYECKUX HCCIIeIOBaHUI ObLIN
89 mrramMoB M. tuberculosis, BeraenaeHanlX B 2018 1. ot
89 BrepBble BhIsIBICHHBIX 001bHBIX Th crapme 18 ner
(8 ToM uncie ot 6oapHEIX BUY/TB — 8). OcHOBHBIME
JUarHo3amu ObUTM WHQUIBTPATHUBHEIN (65,2%) u auc-
cemuHupoBanHbIi (23,6%) Th nérkux. Bee naruenTs
MOCTOSIHHO TNPOXKHUBAJIU B PETHOHE (TOPOJICKHE >KHTeE-
mu — 70,4%). Cpennuii Bo3pact nanueHToB — 44,9 +
1,2 rona; npeobnananu myx4uunsl (74,2%).

UccnenoBanue mnpoBOAWIIOCH MHpHU  10OPOBOJIB-
HOM WH(QOPMHUPOBAHHOM COIIacuM manueHtoB. [Ipo-
TOKOJ HWCCIIeOBaHUsI OJO0OpeH OJTHYECKUM KOMHUTE-
tom Cankt-IlerepOyprckoro HUM snupemuonoruu
u mukpooOuonoruu uM. [lacrepa (mporokon Ne 61 ot
02.04.2020).

Kynsrusuposanue Ha cpene Jlepenmreitna—ilen-
CeHa M OIpe/eieHHE JIEKapCTBEHHON YyBCTBHUTEIb-
Hoct M. tuberculosis K OCHOBHBIM IPOTHBOTYOEp-
kyné3ueiM mpenaparaMm (IITII) nmpoBogunu meTomom
a0COJIOTHBIX KOHLIEHTPALMH Ha IUIOTHOM MHUTATELHOM
cpene U MOAM(UIMPOBAHHBIM METOIOM TPOMOPLHH B
JKUJKOM MUTATEIbHON CpEle B CUCTEME C aBTOMaTU3HU-
poBaHHBIM yu€ToM pocTta MukpoopranniMos «BACTEC
MGIT 960». Wtammbr M. tuberculosis cuuranu MOHO-
PE3UCTEHTHBIMU MIPH HAJIMYUH YCTOWYUBOCTH K OIHOMY
n3 IITII (m30HMA3UN), MOTUPEZUCTEHTHBIMU — K H30-
HUA3UIy U 3TaMOyTOJdy, MYJIBTUPE3UCTEHTHBIMU — K
pudamMnuIMHy ¥ H30HHA3KUAY OJHOBPEMEHHO' .

JIHK BbIIensiiu U3 4ucThIX KyJIbTyp M. tubercu-
losis cormacuo [5]. OmnpenencHue NPUHAIICIKHOCTH
mramMmMoB M. tuberculosis k renoruny Beijing, nudg-
(epeHIuaII0 COBPEMEHHON W JApEeBHEH CyOIuHMIA
Beijing, knacrepoB B0/W 148 u Central Asian/Russian,
Bktouast cyotun Central Asia Outbreak, nmpoBogunu
metonoM [1LIP, BeisiBIsAs crienupuYecKue mocienaoBa-
TEIbHOCTH HYKJIEOTHIOB: HHCepLuto [S6//0 B MexreH-
HOW oOnactu dnaA-dnaN, myTtanuii B kojoHax 48 reHa
mutT4 (CGG > GGQG) u 58 rena mutT2 (GGA> CGA),

! TIpuka3 Munzapasa PO ot 29.10.2014 Ne 951 «O6 yrBepxaeHm
METOJMYECKHX PEKOMEHIALMI 10 COBEPLICHCTBOBAHUIO IHATHO-
CTHKU U JIeYeHHs TyOepKyi€3a OpraHoB JBIXaHMUsD».

ORIGINAL RESEARCHES

BcTaBkd IS67710 B obmactu Rv2664-Rv2665, Rv1359-
Rv1360, 3amensr G>A B rene sigk [8, 9].

IltamMMbl ApYrux TeHETHUECKUX Tpynm (non-
Beijing) cnonurorunupoBanu [6]; Mody4eHHBIE CHO-
AUronpoQuiIN CPaBHUBAIM C MEXKAyHApOAHOW 0a30i
SITVIT2? u omnpenensnu cronurotun (Spoligotype
International Type, SIT).

MyTtauu B reHax rpoB, katG u inhA, accouuu-
POBaHHBIE C YCTOMYMBOCTBHIO K pU(aMIULINHY U H30-
HUA3UIy, ONpPEACISUIA C TIOMOIIBIO TECT-CHCTEMBI
GenoType MTBDRplus («Hain Life Science»).

CraTucTHYECKHA aHAJIN3 MPOBOAMIM C IOMOLIBIO
nporpammer «StatTech v. 1.2.0» («CrarTex») u pecypca
MedCalc®. Paznuuus Mexay rpynmnamu Ompeielisuim ¢
UCIIOJIb30BAHUEM KPUTEpHs X%, CTATUCTHYCCKU 3HAYH-
MBIMM CUMTAJH pa3nuuus npu p < 0,05.

Pesynbratbl

U3 89 mrrammoB M. tuberculosis, BbIIEIEHHBIX B
2018 . oT BHepBbIe BBISBIECHHBIX O0ONBHBIX Th B Ap-
XaHrelbckol obmactu, 52 (58,4%) ObLIM JIeKapCTBEH-
HO-4yBCTBUTENBHBIMH, 7 (7,9%) — MOHO- U monupe-
sucteHTHBIMU. MJIY obnanamu 30 (33,7%) mraMmmoB.
VY 90% MJIY-mraMMOB yCTOMYMBOCTD K pr(aMIuy-
HY ¥ U30HHAa3uAy Obla 00yClIOBJIeHa MyTalusIMu rpoB
Ser531Leu u katG Ser315Thr.

K renoruny Beijing npunannexanu 67,4% (60/89)
mraMMoB M. tuberculosis, ocTabHbIE — K TPYIIIIE NON-
Beijing (tada. 1). B cyononymsuuu M. tuberculosis
Beijing (3a uckiroueHHeM OHOTO MITaMMa) TOMHHHUPO-
BaJIM TPEICTABUTENIM COBPEMEHHOU CyOIMHUM — KJla-
crepbl Central Asian/Russian, Bximouast cyotun CAO
(61,0%; 36/59), u BO/W148 (30,5%; 18/59; Tabmn. 1).

VY 29 mrammoB rpynisl non-Beijing BbIsBIEHO
17 cnionurotumnoB (mpejcTaBiIeHbl Ki1acrepaMu — 6
Tab6a. 2). Haunbonee MHOTOYMCICHHBINA CIOIUTOTHII
SIT53, otHecénHblii Kk cemerictBy T, Brimouan 32%
(8/25) uysctBurensHbX K IITII mrammoB. Lltammer
JPYTHX CIIOJIMTOTUIIOB IPUHAJICKAIIN K TCHETUYECKUM
cemerictBam T (14,6%), LAM (2,2%), Haarlem (4,5%),
Ural (4,5%) u CASI1-Delhi (1,1%); ans 5 mrammoB
(Unknown) reHeTH4eCcKOe CEMEHCTBO ONpEICIICHO HE
Obu10 (Tabm. 2).

U3 29 wmrammoB M. tuberculosis non-Beijing
25 (86,2%) Obumu uyBcTBUTENBbHBI KO BceM IITII, u
Tonbpko 2 (6,9%) mramma SIT4252 obnamanu MJTY
(tabm. 1, 2). MJIV 6bl1a acCOIMUPOBAHA C TPUHAIICHK-
HOCTBIO IITAaMMOB K TeHotuny Beijing (46,7%; 28/60;
p <0,001), mpu 3Tom Oosnee nonoBuHbI (64,3%; 18/28)
U3 HUX OTHOCWIKCH K Kiactepy BO/W148 (tabn. 1).

IIpn ananuse cBA3M MyTalMil YCTOMYHBOCTH C
TEHOTUIIOM BO30YIUTENsl CTaTUCTUYECKH 3HAYMMBIX
pa3nuuuii MEXAy TpyNIaMy IITaAMMOB HE BBISIBICHO

(Tadu. 3).

2 URL: http://www.pasteur-guadeloupe.fr:8081/SITVIT2/
3 URL: http://www.medcalc.org/calc/odds_ratio.php
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Tabnuua 1. leHOTVNbI M NeKapCTBEHHas yCTONYMBOCTL WTammoB M. tuberculosis
Table 1. Genotypes and drug resistance of M. tuberculosis strains
Yucno wrammos | Number of strains
leHotun | Genotype
NeKapCcTBEHHO-YYBCTBUTESbHbIE |  MOHO- UM NONIMPE3UCTEHTHbIE mny BCEro
sensitive mono- or polyresistance MDR total
n 52 7 30 89
Beijing 27 5) 28 60
coBpemeHHas cyo6nuHms: 27 5 27 59
modern sublineage:
BO/W148 18 18
Central Asian/Russian 26 3 34
Central Asia Outbreak 1 1 2
apyrve | other 1 1 3
ApeBHsist cyﬁnMHMﬂ 1 1
ancient sublineage
Non-Beijing 25 2 2 29
T 13 13
LAM 1 1 2
Ural 3 1 4
Haarlem 4 4
Unknown 3 2 5
CAS1-Delhi 1 1
Tabnuua 2. Xapaktepuctuka wrammoB M. tuberculosis non-Beijing
Table 2. Characteristics of M. tuberculosis non-Beijing strains
Jlekap- MoHo- nunu
A L o B I
TernbHble Mono- or
Sensitive | polyresistance
40 ENEEEEEEEEEEEEEEEE EEEEEEEEEEEEE [ L[ [ [] T 1
52 ENEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE HEEN BN T 2
53 ENEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE [ L[ [ [] T 8
73 ENEEEEEEEEEE EEEEEEEEEEEEEEEEEEE HEE EEN T 1
131 ENEEEEEEEEEE  EEEEEEEEEEEEEEEEEE [ L[ [ [] T 1
254 L L[] ]] L[] ] ] LAM 1
803 ENEEEEEEEEEEE ([ ]] [ L[ [ [] LAM 1
35 ENEEEEEEEEEE EEEEEEEEEEEEEEE | [ L[ [ [] Ural 2
262 ENEEEEE SEEEEEEEEEEEEEEEEEEE | ] Ural 1
Orphan HENEEEE HBEEEEEEEEEN HEE | EEE EEE Ural 1
36 ENEEEEEEEEEE EEEEEEEEEEEEEEEEE = ] Haarlem 1
47 ENEEEEEEEEEEEEEEEEEEEEEEN | EEEEEEE Haarlem 1
50 ENEEEEEEEEEEEEEEEEEEEEEEEEEEEE B [ L[ [ [] Haarlem 2
46 ENEEEEEEEENEEEEEEEEEEEEE Unknown 2
56 ENEEEEEEEEEE EEEEEEEEEEN Unknown 1
4252 L L[] ]] ] Unknown 2
26 [ | [ ] ENEEEEEEEEEEEEN HEEENENEEE CAS1-Delhi 1
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CTaTUCTHYECKH 3HAYMMBIC pA3IMYUs  MEXKIY
rpynmamMu Jui, HHOUIUPOBAHHBIX IITaMMaMu M. tu-
berculosis Beijing u non-Beijing, ¢ y4éToM KIMHUKO-
SMUACMHOIIOTHYECKUX XapPAKTEPUCTHK MAlICHTOB HE
BBISIBIICHBI (TA0. 4).

O6cyxpeHune

IIpoBenéHHOE HCCaenOBaHUE IIO3BOJIMIIO OIpe-
JETUTh TEHETUYECKYI0 CTPYKTYpy HOIMYISALUN BO30Y-
mutens Th B Apxanrenbckoit obnactu B 2018 . [IBe
tpetu (67,4%) mrammoB M. tuberculosis, BBIICIIEHHBIX
OT BIEPBBIC BBISIBICHHBIX OOJBHBIX, OBLJIM OTHECEHBI
K reHotuny Beijing, mmpoko pacrnpocTpaHEHHOMY B
C3®O0 u Poccuu B nenoM. Tak, B pa3Hble IOl MITAM-
Mmbl Beijing BoisiBisiin B Kanununrpaackoii (2006 . —
40,3%; 2015 . — 63,0%) [10, 11], Bomoroackoit

ORIGINAL RESEARCHES

(2018-2019 rr. — 62,2%) [12] u Mypmanckoii (2003—
2004 . — 44,0%; 2004-2006 rT. — 47,2%; 2017 . —
52,2%) [5, 14, 15] obnactsx, B pecrmybnukax Kapenust
(2004-2006 rr. — 33,4%; 2014 . — 53,8%) [7, 13] u
Komu (2004-2006 rr. — 41,9%; 2017 &. — 56,2%) [ 7, 8].

B Apxanrenbckoit oonact B 1998—1999 rr. nomns
redHotuna Beijing B monmymsiuuy Bo30yIuTENsT COCTaB-
nsina 44,5%, cpenu Hux npeodnamanu MITY-mram-
Mbl — 76,7% [3]. OgHako cienyer yuyuThIBaTh, 4TO
0O.S. Toungoussova U COaBT. IPUBOASAT CYMMAapHBI
pe3yabTar ucciieoBanus mraMmMoB M. tuberculosis He
TOJILKO BIIEPBBIC BBISIBJICHHBIX, HO M paHee JICUEHHBIX
oonbHbiXx Th. AHanu3upyst AaHHbIE, IPUBEICHHBIC B
Ta0yuie aBTopaMu myOnukanuu [3], Mbl paccunTamu
JoJr0 mTaMMoB Beijing BriepBbie BBIABICHHBIX O0Jb-
HeIx — 40,4%.

Ta6bnuua 3. MyTtauuu yctonumnsoctm MJTY-wtammos M. tuberculosis

Table 3. Resistance mutations of M. tuberculosis MDR strains

Yucno wrammos, % | Number of strains, %

YctonumsocTb | Resistance MyTauwmm | Mutations P
Beijing (n = 28) non-Beijing (n = 2)
M3oHnasug | Isoniazid katG Ser315Thr 28 (100) 2 (100) -
rpoB His526Asn 1(3,6)
Pudbamnuuu+ | Rifampicin 1poB His526Tyr 1(3.6) 0,972
rpoB Ser531Leu 25 (89,3) 2 (100)
Het aaHHbIx | No data 1(3,6)
Tabnuua 4. l'eHoTunbl M. tuberculosis n xapakTepucTvka nauMeHToB
Table 4. Genotypes of M. tuberculosis and characteristics of patients
Yucno wrammos, % | Number of strains, %
Xapakrtepuctuka | Characteristic P
Beijing (n = 60) non-Beijing (n = 29)
Mon: | Sex:
MYXX4MHbI | males 44 (73,3) 22 (75,9)
XeHLWwmHbl | females 16 (26,7) 7(24,1) 0798
Bospacr, nert: | Age, years:
18-30 7(11,7) 2(6,9)
31-40 16 (26,7) 7 (24,1)
41-50 18 (30,0) 11 (37,9) 0,890
51-60 13 (21,7) 7 (24,1)
> 60 6 (10,0) 2(6,9)
MecTo npoxwusaHnus: | Place of residence:
ropog | city 41 (68,3 21 (72,4
ceanK|aﬂ MecTHOCTb | rural area 19 231,7; 8 ((27,6)) 0695
Knunuyeckne dopmbl Tb: | Clinical forms of tuberculosis:
nHduneTpaTmBHbIN T nérkux | infiltrative pulmonary tuberculosis 38 (63,3) 20 (69,0)
AvcceMuHMpoBaHHbIM Th nérknx | disseminated pulmonary tuberculosis 13 (21,7) 8 (27,6)
ovaroBbin TB nérkumx | focal pulmonary tuberculosis 1(1,7) 1(3,4) 0,339
pnbpo3Ho-kaBepHO3HbI Th | fibrous-cavernous tuberculosis 2(3,3)
npouue | other 6 (10,0)
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CpaBHEHHE CONOCTaBHUMBIX BBHIOOPOK — MITaM-
MOB M. tuberculosis, IOIy4YEeHHBIX OT BIEPBBIC BBISB-
neHHbIx OonbHBIX TH B ApxaHrensckoil obaacTtH, mo-
Ka3ajo 3Ha4MMOe YBeJWYeHHUe A0JIn reHotuna Beijing
¢ 40,4% B 1988-1999 . [3] mo 57,1% B 2004-2006 rT.
[71u1 67,4% B 2018 . (p = 0,002).

B Apxanrenbckoii 001acTi ObII0 0TMEYEHO YBEJIH-
YyeHue 10 HOBbIX ciaydyaeB MJIY-Th: 13,5% B 1998—
1999 rr. [3], 28,6%, B 2005 . [7] 1 33,8% B 2018 .

B crpykrype renorunos MJIVY-mrammoB Brep-
BbIC BBISABICHHBIX OOJIbHBIX HAaMH YCTaHOBJICHO YBe-
muuenue aomu Beijing ¢ 76,7% (1998-1999 rr.) [3]
1o 93,3% (2018 ) (p = 0,071). IIpu stom B 2018 .
noJs mraMMoB M. tuberculosis renotuna Beijing cpe-
au MJIY-mramMoB coctaBuna 46,7%. Y mopasisio-
mero 6onpmuHCTBa (89,3%) MJIY-mrammoB Beijing
(2018 1.) mepBUYHAS YCTOMYMBOCTh K PUPAMITUIHHY
U H30HHMA3UAy Obuta 0OycCJOBIEHAa MyTalMsAMHU rpoB
Ser531Leu u katG Ser315Thr, uro cornacyercs ¢ pe-
3yJapTaTaMy paHee MPOBEAEHHOTO uccieaoBanus [3].

B Ta6s. 5 1u14 HamMAAHOCTH CYMMUPOBaHBI UMEIO-
mMecs AaHHbIE, TO3BOJISIIONINE CYIUTh O TeTePOreHHO-
CTH CTPYKTYpbI onynsinuii M. tuberculosis B pernonax
C3®0 (Britouass ApxaHreynbckyto obnacts) B 2014—
2018 rr. B pernonax C3®O0 mTaMMbl TOMUHUPYIOIIETO
reHoruna Beijing M. tuberculosis Oblu peacTaBICHBI
JIBYMSI OCHOBHBIMU Ipynnamu [9, 16] — oTHOCHTENBHO
OJHOPOAHBIM KiacTepoM BO/W148 u rereporeHHbIM
knactepom Central Asian/Russian (BKITIO4aOLIUM 31U~
nemuueckuii cyorun Central Asia Outbreak, emg pen-
kuit B Poccun).

Apxanrenbckue mrammbl M. tuberculosis, BbI-
nenenHbie B 1998—1999 rr., ObuIM M3YYEHBI METOIOM

aHanu3a noMMMOpHU3Ma JUIMH PECTPUKIHMOHHBIX
¢parmentoB (RFLP) nocnenoBarensnoctu IS6170 [3],
KOTOPBIA CUMTANCS «30JOTHIM» CTaHAAPTOM TEHOTHU-
MUPOBAaHUS W OMNpeeNieHHS NPUHAIC)KHOCTH BO3-
OynuTenst K reHotuny Beijing B MoJeKynsipHOW 3Mu-
nemuonorun Th [5]. C y4€ToM COBpeMEHHBIX Mpen-
CTaBJICHMH O MPUHAAJICKHOCTH WTaMMOB Beijing,
COAEPIKAIIMX XapaKTepHble (HParMeHTHl PECTPUKLUHU
Pvull (monexynsprast macca 7100 u 9200 nap Hyki1€o-
TtuaoB) B narrepHax 1S67//0-RFLP, k snunemuonoru-
YeCKH U KIMHUYeCKH 3HauuMoMmy B Poccum kmactepy
B0/W148 [17], peTpoCHeKTHBHO ObLIa YCTaHOBJICHA
MPUHAIIICKHOCTh K TaHHOMY KjiacTtepy 16,8% mmram-
MOB M. tuberculosis, BBIIEICHHBIX KaK OT BIIEPBHIC
BBISIBJICHHBIX, TaK M OT paHee JICYCHHBIX OOJNBHBIX B
1998-1999 rr. [3]. B 2018 1. monsa mTaMMOB KiacTepa
B0/W148 Beijing y BHepBbIC BBISIBICHHBIX OONBHBIX
Tb nérxux cocrtasmiia 20,2%.

B pecnyonukax Kapenus, Komu u B Kanunun-
rpajackoi obmactu gonu mrammoB BO/W148 Beijing
OBLIM COMOCTABHMBI, TOIA Kak B HauOojee Oiaromno-
nyuyHoii mo TH Bonoronckoli obnmactu nois aHHO-
ro knactepa (7,3%) Obula 3HAYUTEIBHO MEHBIIE, YeM
B Apxanrenbckoil obnactu (p = 0,016; tabn. 5). Ilpu
9TOM B ApXaHrenbCKoil 00nacTu, Mo JaHHBIM HACTO-
ALIETO McCIeoBaHus, Kak U B KanmuHuHTpanackoit 00-
nmactu (2015 1) [11], MJIY oGnamanu Bce MITaMMBI
B0/W148, B Pecnyonuke Kapenus (2014 r.) — 92,3%
[13], B Pecniyonuke Komu (2017 1.) — 76,9% [8], B Bo-
norozckoit oonactu (2018-2019 ) — 66,7% [12].

B Apxanrenbckoii o0jacTd Jong  Kiactepa
Central Asian/Russian (Bkmrouast cyotun Central Asia
Outbreak) — 40,5% — He3HAYUTEIHHO OTIMYAIACH OT

Tabnuua 5. leHoTunbl WtammoB M. fuberculosis, BblAeNeHHbIX OT BNepBble BbiABNEHHbIX 60mbHbIX TH nérknx Ha Tepputopm-

ax C390 (2014-2018 rr.)

Table 5. Genotypes of M. tuberculosis strains isolated from newly identified patients with pulmonary tuberculosis in the

territories of the Northwestern Federal District (2014—2018)

Hons reHotuna, % | Proportion of genotype, %

Beijing Central
Pernon log n McTouHMK Beijing Asian/ Russian
Region Year Source Beijing (Bkmtoyas Central
(CS’;“:'n""nfg:m) Il Bow14s | Asia Outbreak | T | LAM | Haarlem | Ural
y including Central Asia
Outbreak)
Pecnybnuka Kapenus 5544 g7 [13] 53,8 17,9 Ha 140 103 5.0 12,8
Republic of Karelia ’ ’ ’ ’ ’ ’
S SEEE B s g [11] 63,0 19,2 Ha 96 55 0 55
Kaliningrad region
myp""a”""a" o6n. 2017 67 [15] 52,2 10,4 32,8 90 75 3,0 19,4
urmansk region
Eec”.y@“""‘a it 2017 130 8] 56,2 18,5 34,6 15,0 12,0 4,0 7,0
omi Republic
Bonoroackas o6n. 2018-
Vologda region 2019 82 [12] 62,2 7,3 50,0 11,0 11,0 6,1 4,9
[aHHasa
ApxaHrenbckasi 0br. 2018 89 pa6ora 67.4 20,2 40,5 146 22 4,5 4,5

Arkhangelsk region This study
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TakoBbIX B Apyrux peruonax C3®O (tabdmn. 5). [loga-
BIIsitOIIee OONBIUMHCTBO (72,2%) mTaMMOB Kjactepa
Central Asian/Russian B ApxaHreibckoid 00aacTu Obl-
nu yyBcTBUTENbHBI K [ITIL, u mums 16,7% obnananu
MIJLY, B TO BpeMsi kak B MypMaHCKO# 00aacTu 3Tu
3HaueHus cocTaBsum 56,5% (p = 0,215) u 34,8% (p =
0,111) [15], B Pecnyonmuke Komu — 46,7% (p = 0,021)
u 28,9% (p = 0,198) [8], B Bomorojackoit obnactu —
26,8% (p <0,001) u 53,7% (p <0,001) [12].

CHoJMIOTHITUPOBAHUE TIO3BOJMIIO OIPEICIUTD
MPHUHAJICKHOCTh 29 mramMoB non-Beijing (2018 1.)
K pa3iMYHbIM Te€HETHYeCKUM cemeiicTBam: Haarlem
(4,5%), Ural (4,5%), LAM (2,2%), CAS1-Delhi (1,1%)
u T (14,6%). B Hactosiiee Bpemsi, C y4€TOM HAKOTLICH-
HBIX JaHHBIX MTOJHOIGHOMHOIO CEKBCHHUPOBAHUS, Te-
HoTun T MpeanokeHO He paccMaTpuBaTh B KauecTBeE
UCTUHHOMN (uitoreHeTHYecKor rpymisl M. tuberculosis
[18, 19]. Tak, mokazaHo, 4To MTaMMbI T, B 4aCTHOCTH
Haunbosee pacnpocTpanéHHoro B Poccuu cnonurorumna
SIT53, mpuHaiekand K pa3IUYHBIM TEHETHYECKUM
cemetictBam [20, 21].

[To mamueiM uccnemoBanus 2004-2006 rr. [7], B
cyononymsiiuu non-Beijing M. tuberculosis Apxan-
reJbcKoi obnacTu mpeoOnaganu mTaMmbl Tpynmnsl T
(22,9%) 1 MANU2 (10,0%), monu renorunoB LAM
(2,9%) n Haarlem (4,3%) Ob1H CpaBHUMBI C HAIIUMH
pesynbratamu (2018 1.). BeTpeuaeMoCTh HaHHBIX Te-
HOTHUIMOB non-Beijing B cocennux peruonax C3PO Ba-
prupoBana (tabn. 5). B Apxanrensckoit oonactu gosns
MJIY-mramMMoOB B CTpyKType non-Beijing cocrtasmnsuia
10,6% [3], 6,9% (2/29) u Obua O1M3Ka K 3HAYCHUIO IO
Pecriyonuke Komu — 8,8% [8], Ho Huxe, yem B Boso-
roacko — 19,4% (p = 0,157) [12] u Kanununrpan-
ckort — 25,9% (p = 0,053) obnactsax [11].

3aKniouyeHue

Viy4iieHre OCHOBHBIX —3IMUAEMHUOIOTHYECKHX
nokasartesieil (3a0oneBaeMoCTb U cMepTHOCTD) 1o Th
B ApxaHresbckoii obnactu ¢ konua 1990-x rr. compo-
BOX/IAJIOCh YBEIMYCHUEM JIOJM BIICPBBIC BHISBICHHBIX
6osnpHBIX MJTY-TB. CpaBHUTENbHBIN aHATIM3 TOTY4eH-
HBIX HAMH M paHee OMyOIMKOBaHHBIX Pe3ylbTaToB Te-
HOTUMUPOBaHUs TaMMOB M. tuberculosis no3BosseT
CYIUThb O JMHAMHKE CTPYKTYphl MOMYJSIMKA BO30YyIu-
tenst Th B Apxanrenbckoii obmactu. B 2018 1. B rete-
porenHoi nonynsuuu M. tuberculosis nonst ITaMMOB
JOMHHHUpYIOIEro reHoruna Beijing yBennumnace 1o
67,4% (40,4% B 1998-1999 r1.). Cpenu MJIY-mram-
MoB noiist Beijing mocturia 93,3%, u3 Hux Oomnee mo-
noBuHbl (64,3%) NpUHAIUICKAIH K SIUICMHOJIOTU-
YeCKH U KIMHUYECKH 3HauuMoMmy B Poccum kmacrepy
B0/W148. Tlony4eHHbIC JAaHHBIC CBUJICTEILCTBYIOT O
HEOOXOMMOCTH MOJIEKYJSPHO-TEHETUYECKOTO MOHH-
TOPHHIa TOMYJISIUUHA BO3OYIUTENS AJsl OLIEHKH BKJazia
Ppa3IUYHBIX TeHOTUNOB M. tuberculosis B pacupocTpa-
HeHue MJIY-TB.

10.

11.

12.

. Pernonsr
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AHanuns nsmeHeHusA reHoma reHoBapuaHTtoB Vibrio cholerae O1 El Tor
B COBpeMeHHbI Nepnog NnaHaeMnn xonepbl

CmupHoBa H.U.%, Pbibanbuenko [1.A., JlozoBckuia K0.B., KpacHoBs A.M., KyTbipes B.B.

Poccniicknin npoTMBOYYMHbIN MHCTUTYT «Murkpob», CapaTos, Poccua

AHHOMauus

BBeaeHue. BaprnabenbHoCTb reHoOMa reHeTUYECKMX BapuaHToB Bo30yantens xonepsl El Tor obycnosuna nose-
NEHVEe LTaMMOB, HECYLLMX MYTaUUnM B Pas3fIMYHbIX FeHax NaToreHHOCTN U NEKapCTBEHHOWM YCTOMYMBOCTU. Takasi
cuTyaums TpebyeT OLEHKM HanpaBreHus 3TUX U3MEHEHEHUI ONsi NPOrHO3MPOBaHUSA NaTOreHHoro noTeHumana
paHee HEN3BECTHLIX BapMaHTOB 1 CBOEBPEMEHHON pa3paboTKM HOBLIX CPEACTB ANArHOCTUKM U NPOUNAKTUKN.
Lenb paboTbl — aHan13 AMHaMMUKN U3MEHEHWSI TEHOB NaTOFEHHOCTU M NIEKaPCTBEHHON YCTOMUYMBOCTU reHeTuYe-
ckux BapuaHToB Vibrio cholerae El Tor n3 sHgeMu4yHbIX No xonepe crpaH u Poccun.

Martepuanbl u metoabl. /cnonb3oBany CEKBEHMPOBAHHbIE HYKNEOTUAHbIE MOCNENOBATENbHOCTU MOMHbIX re-
HomoB 104 wTammoB V. cholerae El Tor, B3siTbix 13 6a3 gaHHbIXx NCBI GenBank u European Nucleotide Archive,
a Takke MONIHOreHOMHbIE CUKBEHCbI, MOSy4YeHHbIe HaMU. AHaNU3 HyKNeoTUAHbIX NoCrneaoBaTeNbHOCTEN BbIMNOM-
HANWM ¢ nomolubio nporpammbl UGEN v.45.1. [1na nocTpoeHus AeHAporpamMmbl N0 anroputMy MakcumanbHON
3KOHOMWW NMPUMEHSANM NporpaMmHbIn nakeT «BioNumerics v. 7.6» Ha OCHOBE MHOXECTBEHHOIO BblpaBHMBAHUS,
NOry4eHHOro ¢ NOMOLLbI0 NporpaMmel «Snippy 4.6.0».

PesynbraTtbl. ConoctaBneHbl ceKBeHUpOBaHHbIe reHoMbl 103 WTaMMOB reHoBapMaHTOB, BblAEMNEHHbLIX Ha Tep-
putopun 9 sHAEMUYHBIX cTpaH A3nn n Adpurku, a Takke B Poccun B 1991-2022 rr. NokasaHo, 4To npouecc name-
HEHWsi reHoMa reHoBapMaHTOB OblfT MHOrOCTYNEHYaThiM U MPOUCXOANI 3a CHET NOCNEA0BATENBHOIO HAKOMNMEHWs
TOYEYHbIX MyTauumn B KrtoveBblx (ctxB n tcpA) n AONONHUTENbHbLIX (rtXA) reHax NaToreHHOCTU N KOPOBbIX reHax
PEe3NCTEHTHOCTM K aHTMbnoTnkam (gyrA, parC v carR), a Takke geneuunen B MobunbHom anemeHte SXT. Hanbo-
1niee BaXHbIM CTano n3MeHeHue B reHe ctxB 1 nosiBneHne HOBbIX reHOBapMaHTOB ¢ annenem ctxB7, BbITECHUB-
LIMX paHee cchopMMpOBaHHbIE LUITaMMbl. AHANU3 U3MEHEHHbIX y4acTKOB reHoma 83 LUTaMMOB reHOBapuaHTOB 13
9HAEMWYHBIX PETMOHOB BbISABUI 8 reHOTUNOB, TOrAa Kak Wwrammbl (21 n3onsT), 3aBe3éHHble B Poccuio, oTHOCU-
NNCb NULWb K 5 reHoTUNam, BKoyasi BbICOKOBUPYIEHTHbIE FeHOBapUaHTbI ¢ annenem ctxB7 un yTpayeHHbIM Guo-
Bapcneuududeckum ceoctBom PolR 3a cuéT MyTaumm reHa carR. YCTaHOBMNEHHas TecHas dunoreHeTuyeckas
CBSI3b FEHOBApPUaHTOB, BbISIBNEHHbLIX B Poccuu, co WiTaMMaMy M3 SHAEMUYHBIX CTpaH A3y noaTBepXaaeT ux
3aBO3 U3 3TOrO pernoHa.

3akntouyeHue. MNokasaHo nocnegoBaTenbHOE BO3HWKHOBEHWE W HAKOMMEHWE HOBbIX MyTauWi B reHax naToreH-
HOCTW U NeKapCTBEHHON YCTONYMBOCTM B reHOME reHOBapMaHTOB B 3HAEMUYHbBIX PErMoHax, YTo NpMBOAUT K U3-
MEHEHUIO UX 3NNAEMUYECKN BAXKHbIX CBOMCTB. YCTAHOBMNEH 3aB03 B POCCUIO HOBbIX rEHOBapUaHTOB C BbICOKON
BMPYNEHTHOCTbLIO, YTO YKa3blBaeT Ha HEOOXOAMMOCTb MOCTOSIHHOWM OLEHKM M3MEHEHMWI reHOMa 3TOro naToreHa
AN CBOEBPEMEHHOM pa3paboTkn afeKBaTHbIX CPEACTB reHOANArHOCTUKN U MPOUNAKTUKN.

KnroueBble cnoBa: Vibrio cholerae, eeHosapuaHmbl, U3MEHYUBOCMb, 8UPYNEHMHOCMb, IeKapCmeeHHast
ycmouyueocms, (hurio2ceHemuYecKue cessu

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

KoHgbnniukm unmepecoe. ABTOPbI AEKNapUpyoT OTCYTCTBUE SIBHBLIX M MOTEHLIMAbHBIX KOH(IIMKTOB MHTEPECOoB, CBSi-
3aHHbIX C NyGnyKaLmei HacTosALLei CTaTbu.

Ansi yumupoeanusi: CuvnpHoBa H.U., Peibaneyenko [O.A., Jlososckui KO.B., KpacHoB A.M., KyTbipeB B.B. AHanu3
n3MeHeHus reHoma reHoBapuaHToB Vibrio cholerae O1 El Tor B coBpeMeHHbIN nepvod naHaemumn xonepsl. XKypHan
Mukpobuornozuu, snudemuonoauu u ummyHobuomnoauu. 2023;100(5):346-357.
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Analysis of changes in the genome of Vibrio cholerae O1 El Tor
genovariants during the current period of the cholera pandemic

Nina I. Smirnova®, Darya A. Rybalchenko, Yulii V. Lozovsky,

Yaroslav M. Krasnov, Vladimir V. Kutyrev

Research Anti-Plague Institute “Microbe”, Saratov, Russia

Abstract

Introduction. The genome variability of genetic variants of El Tor cholera agent has led to the emergence of
strains carrying mutations in various genes associated with epidemically important pathogen properties. This
situation requires an assessment of the trends in these changes in order to predict the pathogenic potential of
previously unknown variants and promptly develop new tools for their diagnostics and prevention.

The purpose of this work was to analyze the dynamic changes in pathogenicity and drug resistance genes of V.
cholerae El Tor genetic variants from endemic countries and Russia.

Materials and methods. We analyzed complete genome nucleotide sequences of 104 V. cholerae El Tor strains
from the NCBI Gen Bank and European Nucleotide Archive databases, as well as those obtained by us. The
nucleotide sequences were analyzed using the UGEN v. 45.1 software. The dendrogram was constructed using
maximum parsimony algorithm in BioNumerics v.7.6 software package based on the multiple alignment generated
using the Snippy 4.6.0 program.

Results. Genomic sequences of 103 strain genovariants isolated on the territory of nine endemic countries of Asia
and Africa, as well as in Russia in 1991-2022, have been compared. It is shown that the process of genovariant
genome changing was multistage and occurred due to the continuous accumulation of point mutations in key
(ctxB and tcpA) and additional (rtxA) genes of pathogenicity and core genes of antibiotic resistance (gyrA, parC
and carR), as well as a deletion in SXT element. The most important was the change in the ctxB gene and the
emergence of new genovariants with the ctxB7 allele, which replaced the previously prevalent strains. Analysis of
altered genome regions of 83 strains from endemic regions has revealed eight genotypes, while the strains (21
isolates) imported to Russia belonged to only five of them including highly virulent strains with the ctxB7 allele
and lost PolR biovar-specific feature due to carR gene mutation. The established close phylogenetic relatedness
of genovariants from Russia with strains from endemic Asian countries confirms their importation from this region.
Conclusion. The sequential occurrence and accumulation of mutations in the pathogenicity and drug resistance
genes in the genome of genovariants in endemic regions have been shown, which leads to a change in their
epidemically important features. The importation of new highly virulent genovariants into Russia has been estab-
lished, which indicates the need for an ongoing assessment of changes in the genome of this pathogen for the
timely development of adequate means of gene diagnostics and prevention.

Keywords: V. cholerae, genovariants, variability, virulence, drug resistance, phylogenetic relations
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BBepgeHune

CeMb M3BECTHBIX MaHIEMHU XOJEpbl OBLIH BBI-
3BaHbl TOKCUT€HHBIMU IITaMMaMHu Vibrio cholerae, ot-
HocsmumMucs K ceporpymnie Ol u n1Bym OuoBapam —
knaccuueckomy u El Tor [1]. Cpeau HUX 0cCOOBII
WHTEpEC NpeAcTaBIsIOT wraMmel V. cholerae El Tor,
BBI3BABILIHUE TEKYLIYIO, 7-10 MaHACMHUIO XOJEPHI, MPO-
nospkaronryrocst 6onee 60 net (¢ 1961 1.). [locrosiHHBIC
snuaeMHud U Benblku xonepsl El Tor B sHAEMUYHBIX

cTpaHax Aszuu, AQpuku 1 AMepHKH OOYCIOBIHBAIOT
PHCK 3aB03a 3TOM MH(EKUUN Ha TeppuTopuio Poccun,
HE SIBTISIIOLIEHCS SHASMUYHOM 10 xonepe [2].
YcraHoBIEHO, YTO T00AILHOE PACIPOCTPAaHEHHUE
xoJnepsl U3 neppuyHoro ovara (benranbckoro 3anuBa)
B JIpyI'H€ CTpaHbl MHpa MPOUCXOJMIO TpeMs HE3aBU-
CHUMBIMH, HO IIEpEKphIBatOLIUMUCS BoHamH [3]. More-
KyJSIpPHO-TEHETUYECKUIN aHaINU3 Pa3INYHbIX IITaMMOB
MOKa3aj, YTO Ha NPOTSHKEHHH 3 BOJIH B TeHOME B030Y-
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JUTENS IPOUCXOANIH 3HAYUTEIbHbIE N3MEHEHHS. DTIH-
nemun xonepsl B 1961-1991 rr. (1-s1 BonHa) BBI3BIBA-
JIM TOKCUT'€HHBIE HITAMMBI C TUIIMYHBIMHU U1 OMOBapa
El Tor croiictBamu, comepikaiiue B cocraBe mnpodara
CTX"'p rensl ctxAB3, KoqupyOIINe, COOTBETCTBEHHO,
A- 1 B-cyObeTMHHIIBI XOJIEPHOTO TOKCHHA — KITIOUEBO-
ro dakropa nmarorennoctH [4]. Onnako B 1991-1994 rr.
(nadano 2-i BonHel) B banrazenn BrnepBeie OblIH 00-
Hapy»XEeHbl FTCHETUUECKN N3MEHEHHBIE ITAMMBI, HECY-
e red ctxB1 V. cholerae knaccuueckoro 6uoBapa —
BO30yIUTENS OPEABIAYIIMX 6 TaHIEeMU a3uaTrcKoi
XOJiepbl. DTH TeHOBApPHAHTHI BOSHUKIIM, BUIUMO, B pe-
3y/lbTaTe TOPU30HTAIBHOTO mepeHoca mpogara CTXe
kinaccuueckoro tuma (CTXsp) ¢ renamu ctxABI ot
V. cholerae knaccuueckoro OMoBapa TUMWYHBIM LITaM-
MaM V. cholerae El Tor [5]. BmecTe ¢ TeM reHoMm re-
HOBapHUaHTOB OKa3aJiCsl HECTAOMIBHBIM, U B IOCIICAHUE
JBa ICCATUIICTUS B SHACMUYHBIX PETHOHAX MOSBUIINCH
ITAMMBI C HOBBIMH MYTAallMIMH B MOOMJIBHBIX I'eHe-
TUYECKUX DJIEMEHTaX, CBS3aHHBIX C MaTOTeHHOCTBIO
(octpoB marorenHoctd VPI-1, mpodar CTXe) unm
CHOCOOHOCTBIO K MUAEMUYECKOMY PaCIPOCTPAHEHHIO
(octpoB nanaemuuynoctu VSP-11) [6, 7]. Bo3Hukia my-
Talus B reHe fcpA u3 octpona naroresHoctu VPI-1, xo-
JUPYIOLIEM OCHOBHOM OEIOK TOKCHH-KOPETYITHPYEMbIX
nwiert i TCP — kimodeBoro pakropa KOJIOHU3AIUHY.
HoBeiii aitens reHa tcpA o06o03Haummm Kak fepA RS0
[8] wmu tcpAC™®S, 3aTeM MOSBUIIMCH MITAMMBI C HOBBIM
ajuienieM reHa ctxB — ctxB7 [6]. BaxHbiM creacTBU-
€M TaKHX MyTalWid CTajo YCWJIEHHE BUPYJICHTHOCTH
B030ynuTeNsl 3a CYET MOBBIIEHHOH NPOAYKLIUH XO-
nepHoro TokcuHa [9, 10]. Kpome toro, obnapyxuin
BapuabeNnbHOCTh YCTOWYMBOCTH K JIEKAPCTBEHHBIM
IpernaparaM, CBS3aHHYIO C NPUCYTCTBHEM B TI'€HOME
pa3HBIX THIIOB UHTEIPATUBHOIO KOHBIOTATUBHOTO BJie-
MmeHTa (integrative conjugating element, ICE) SXT,
HECYIIMX Pa3JIM4HBIi HaOOp TeHOB PE3UCTCHTHOCTH
Kk antubuorukam [11]. Bonee Toro, y reHoBapuaHTOB
MOSIBUIINCH MYTalll B KOPOBOM 00JIaCTH XPOMOCOMBI.
Tak, mrammsl U3 3-i1 BOJTHBI B TeHE rixA, KOAUPYIO-
meM MHOTOQYHKIMOHANBHBIA LHUTOTOKCcHH MARTX
(multifunctional autoprocessing repeats-in toxin), ume-
mu null-myTanuto (amiens rtxA4), KOTOpas npuBena K
00pa30BaHUIO CTOI-KOJIOHA U yTpaTe OMOCUHTE3a ITOTO
TokcuHa [12]. BBIsBIEHBI TakXKe 2 TOUCUHBIE MYyTaIHH
B redax gyrA(G248T) u parC(C254T), kogupyomux
TOIIOU30MEPa3bl, KOTOPbIE 00YCIOBUIHN (POPMUPOBAHKE
y IaToreHa pe3uCcTeHTHOCTH K HAaJUANKCOBON KHCIIOTE
[13]. Bonee Toro, HeTaBHO CTAI0 U3BECTHO O BO3HHK-
HOBEHHH TC€HOBABapHAHTOB C MyTalUeil B peryssTop-
HOM TeHe carR(G265A), craBuieil MpUUMHONW yTpaTsl
MX YCTOHYMBOCTH K IOJIMMHUKCUHY B — onHOMY 13 de-
HOTUIHUYecKuX MapkepoB BuOpuonoB El Tor [14].
[losiBneHne W MIMPOKOE pacHpOCTPAaHEHHE pas3-
JMYHBIX T€HETHYECKUX BapUAHTOB BO30yAUTENS B DH-
JEMHUYHBIX OYarax XoJepbl MPHUBENO K HX 3aBO3y Ha
teppuroputo Poccuu B mepuox 2-if u 3-i BOIH maH-
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nemud. M3yuenneM reHoBapruaHTOB 3aHUMAJIMCh MHO-
rue uccienosarenu [15—-18]. Ocoboe BHUMaHKE OBLIO
YAEJCHO YCTAHOBJICHUIO (MIIOTCHETHYECKUX CBs3EH
LITAaMMOB M3 pa3HBIX SHIAEMHUYHBIX U HEIHAEMUYHBIX
peruonoB [19-23]. OqHako MHOTHE BOIIPOCH O TUHA-
MHKE M3MEHEHUH IeHOMa I'€HOBapUaHTOB B TEUYEHHUE
JUIMTEJIBHOTO IIEpUOJa HM3Y4Y€Hbl HEAOCTATO4YHO. Tak,
HE NIPOBENEH CPABHUTEIbHBIA aHAIU3 U3MEHUYMBOCTHU
TEHOTUIIOB IITAMMOB TI'€HOBapHAHTOB, BBIAEIEHHBIX
B 3HJEMMYHBIX pErMoHax M Ha Teppuropuu Poccun B
TEYEHUE JUIMTENBHOIO Ieprona. Mexny TeM IMOUCK Te-
HETUYECKUX OCOOEHHOCTEH ITaMMOB, BHIJCICHHBIX HA
Pa3INYHBIX TEPPUTOPHSX U B Pa3HBIC BPEMEHHBIC IEPH-
OfIbl, MIPEJCTABNIACT 3HAYUTENbHBIN HHTEPEC Ul MIOHU-
MaHMs HalpaBJIeHUs] U3MEHEHUS! BUPYJIEHTHBIX CBOWCTB
B030Oyautens. bonee Toro, cBenenus o BapuabenbHOCTH
TEHOB IIaTOT€HHOCTU M JIEKAPCTBEHHOW YCTOMYUBOCTH
HOBBIX T'€HOBAapHaHTOB B Cllydae MX 3aBo3a B Poccuro
HEOOXOIUMBI JJIsI CBOEBPEMEHHOW pPa3paldOTKU ajaeK-
BaTHBIX T'€HOJMArHOCTHYECKUX M MPOPHIAKTHYECCKHX
cpeacts. Beé aTo onpenenser akTyaabHOCTh pabOTHI.

Hean paboTel — aHaIM3 JMHAMHKH U3MECHEHHS
T€HOB ITATOTEHHOCTU U JIEKaPCTBEHHOU YCTOMYHMBOCTH
reHeTu4Yeckux BapuantoB V. cholerae El Tor u3 sune-
MHYHBIX cTpaH u Poccun.

Pemenre mocTaBlieHHBIX BOMPOCOB OBLIO OCHO-
BAaHO HA aHAJIM3€ CUKBEHCOB IOJIHBIX T€HOMOB pa3JIny-
HBIX IITaMMOB T'€HOBAapHaHTOB, LUPKYIUPYIOIIUX B
[IOCJIEZIHUE TOAbl B Pa3HbIX 3HIEMHUYHBIX PETHOHAX U
3aBe3€HHBIX B Poccuto. BeiOpaHHbIH 1MOIX0/ MO3BOJIS-
€T MOJlyuyuTh OoJice MOJHYIO0 U JOCTOBEpHYIO MH(Op-
MAIMIO 110 CPABHEHUIO C IPYTUMH METOAaMH 00 H3Me-
HEHUM YKa3aHHBIX I€HOB, PACIOJIOKEHHBIX B Pa3sHBIX
y4acTKaX XpOMOCOMBI.

MaTepman bl 1 MeToAbl

B pabote ucmonbp3oBanu CEKBEHHMPOBAHHBIE HY-
KJICOTHIHBIE IOCIIEAOBATEIILHOCTH TOJNHBIX TEHOMOB
86 mrammoB renoBapuaHToB V. cholerae El Tor (1991—
2022 rr.), B3saTeix u3 0a3 ganHbix NCBI GenBank u
European Nucleotide Archive, a Takxe Mmoiay4eHHbIE
HaMH CHUKBEHCHl 14 ImITaMMOB T€HOBapHAHTOB, 3a-
Be3€uHbIX B Poccuio B 1993-2014 rr., u 4 mraMMoB,
BBIIEJICHHBIX BO BpeMs BCIBIIKK xXonepsl B 2011 . Ha
VYkpaune [24] (Tabauua).

Jns mpoBeneHUss UCCIENOBAHUM LITAMMBI MOTY-
yanu U3 l[ocynapcTBEHHOM KOJUJIEKIIMM MATOT€HHBIX
oakrepuii PocHUITYU «Muxpob», rie oH1 XpaHUIUChH
B THOGUIU3UPOBAHHOM COCTOSIHUU. bakrepun Kynbru-
BHpoBasiu B OyaboHe U arape LB npu 37°C.

UyBCTBUTENLHOCTh 18 mTaMMOB K 2 aHTHOWO-
THUKaM OMNpeNeNsUId OOIIEHPUHITEIM JUCKO-Aupy-
3MOHHBIM METOAOM C HCIOJIb30BAHUEM MOJTHMHUKCHHA
B (50 mxr) u HanunukcoBoi KUcHoThl (30 MKT) dhupm
«HiMedia Laboratories Pvt. Ltd» u «Oxoid».

[y mpoBeieHNs CEKEHUPOBAHMS BHITIONHSLIH BbI-
nenenne u ounctky reHomHoit IHK u3 Gakrepuains-
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LWrammebl V. cholerae 6uosapa El Tor, nornHoreHOMHbIe HYKNeoTuaHbIE NOCNea0BaTeNbHOCTU KOTOPbIX MCNOMb30BaHbI

B pabote

Strains of Vibrio cholerae biovar El Tor, the whole genome nucleotide sequences of which were used in the study

MecTo 1 rog, BbligeneHus

Annenb reHoB
Allele of genes

CTpyKTypa reHoB
Genes structure

Homep poctyna
B Gen Bank/ENA

Ne | No. The site and year of isolation Gen Bank/ENA
ctxB | tcpA | rtxA gyrA | parC | carR access number
Ltammbl M3 aHAeMUUHbIX cTpaH A3sum u Adpukm | Strains from endemic Asian and African countries
N16961 Banrnagew, 1975 | Bangladesh, 1975 ctxB3  tcpARt  rtxA1 int. int. int. AE003852,
AE003853
V212-1 WHausa, 1991 | India, 1992 ctxB1  tcpAEt  rtxA1 int. int. int. ERR018125
VC51 WHaus, 1992 | India, 1992 ctxB1  tcpAEt  rtxA1 int. int. int. ERR018124
MJ-1236 Banrnagew, 1994 | Bangladesh, 1994 ctxB1  tcpAEt  rtxA1 int. int. int. CP001485
CIRS101 BaHrnagew, 2002 | Bangladesh, 2002 ctxB1 tcpACRS rtxAd G248T C254T  int. ACVW01000000
4519 WHaus, 2005 | India, 2005 CtxB7 tcpACRS rtxAd G248T C254T  int. ERR025374
4656 WHaws, 2006 | India, 2006 ctxB1 tcpA°RS rtxA4 G248T C254T  int. ERS013258
4488 WHawns, 2006 | India, 2006 ctxB1 tcpA°RS rtxA4 G248T C254T  int. ERS013234
4551 Wuaus, 2007 | India, 2007 ctxB1 {tcpACRS rtxA1 G248T C254T  int. ERR025357
4623 WHaus, 2007 | India, 2007 ctxB1 tcpA®RS rtxA1 G248T C254T  int. ERS013267
4646 WHawns, 2007 | India, 2007 ctxB1 tcpA°RS rtxA1 G248T C254T  int. ERS013237
VN243P07 BbeTHam, 2007 | Vietnam, 2007 ctxB1 (cpA®RS rtxA1 G248T C254T  int. SRR6027863
INDO031 WHaus, 2009 | India, 2009 CtxB7 tcpAC®RS rtxA4 G248T C254T  int. DRX062980
INDO033 WHaws, 2009 | India, 2009 ctxB7 tcpA°RS rtxA4 G248T C254T  int. DRX062982
IND041 WHawns, 2009 | India, 2009 ctxB7 tcpA°RS rtxAd4 G248T C254T  int. DRX062990
IND048 WHaus, 2009 | India, 2009 ctxB7 tcpAC®RS rtxA4d G248T C254T  int. DRX062997
VC-6 Henan, 2010 | Nepal, 2010 ctxB7 tcpA°RS rtxAd4 G248T C254T  int. SRR308703
VC-14 Henan, 2010 | Nepal, 2010 ctxB7 tcpA°RS rtxAd4 G248T C254T  int. SRR308715
VC-19 Henan, 2010 | Nepal, 2010 CtxB7 tcpACRS rtxAd G248T C254T  int. SRR308722
VC-16 Henan, 2010 | Nepal, 2010 ctxB1 tcpA®RS rtxA1 G248T C254T  int. SRR308717
VC-8 Henan, 2010 | Nepal, 2010 ctxB1 tcpA°®RS rtxA1 G248T C254T  int. SRR308705
BGD043 Banrnagew, 2010 | Bangladesh, 2010 CtxB7 {tcpACRS rtxAd G248T C254T  int. DRX179812
BGD113 Banrnagew, 2010 | Bangladesh, 2010 CtxB7 tcpAC®RS rtxA4 G248T C254T  int. DRX179747
NHCM-053 Banrnagew, 2011 | Bangladesh, 2011 ctxB1 tcpA°RS rtxA1 G248T C254T  int. GCA001187105
BGD117 Banrnagew, 2011 | Bangladesh, 2011 ctxB1 tcpA°RS rtxA1 G248T C254T  int. DRX179750
BGD056 Banrnagew, 2011 | Bangladesh, 2011 ctxB7 tcpA®RS rtxA4d G248T C254T  int. DRX179776
IND051 WHawms, 2011 | India, 2011 ctxB7 tcpACRS rtxA4 G248T C254T G265A DRX063000
IDH-04808 WHawns, 2012 | India, 2012 ctxB7 tcpA°RS rtxAd4 G248T C254T  int. DRX063018
BGDO060 Banrnagew, 2012 | Bangladesh, 2012 CtxB7 tcpACRS rtxAd G248T C254T  int. DRX179773
BGD065 Banrnagew, 2012 | Bangladesh, 2012 ctxB7 tcpAC®RS rtxA4 G248T C254T  int. DRX179774
BGD067 BaHrnagew, 2012 | Bangladesh, 2012 ctxB7 {cpA°RS rtxAd4 G248T C254T  int. DRX179777
BGD119 Banrnagew, 2012 | Bangladesh, 2012 ctxB1 tcpA°RS rtxA1 G248T C254T  int. DRX179752
BGD120 Banrnagew, 2012 | Bangladesh, 2012 ctxB1 tcpA®RS rtxA1 G248T C254T  int. DRX179753
BGD122 BaHrnagew, 2013 | Bangladesh, 2013 ctxB1 tcpA°RS rtxA1 G248T C254T  int. DRX179755
BGDO082 BaHrnagew, 2013 | Bangladesh, 2013 ctxB1 {tcpACRS rtxAd G248T C254T  int. DRX179791
INDO71 WHaus, 2013 | India, 2013 CtxB7 {tcpACRS rtxAd4 G248T C254T G265A DRX063020
IDH-05298 WHaws, 2013 | India, 2013 ctxB7 tcpACRS rtxA4 G248T C254T G265A DRX063023
INDO79 WHawns, 2013 | India, 2013 ctxB7 tcpACRS rtxA4 G248T C254T G265A DRX063028
IND082 WHaus, 2014 | India, 2014 CtxB7 tcpACRS rtxA4d G248T C254T G265A DRX063031
IND090 WHaus, 2014 | India, 2014 CtxB7 tcpACRS rtxA4 G248T C254T G265A DRX063039
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Mpopomkenune Tabnuubl | Continuation of the Table
Annenb reHoB CTpyKTypa reHoB Homep poctyna
Ne | No. ThMec_:tTo " gon Bbm?nel-lmtg Allele of genes Genes structure BGGenBBarlli/(I/EEN,\}AA
e site and year of isolation en Ban
ctxB tcpA rtxA gyrA | parC | carR access number
BGDO095 Banrnagew, 2014 | Bangladesh, 2014 ctxB1 (tcpA°RS rtxA1 G248T C254T  int. DRX179793
BGDO089 Baxrnagew, 2014 | Bangladesh, 2014 ctxB1 tcpA®RS rtxA1 G248T C254T  int. DRX179789
BGD128 Banrnagew, 2015 | Bangladesh, 2015 ctxB1 (tcpA°RS rtxA1 G248T C254T  int. DRX179758
BGD132 Baxrnagew, 2015 | Bangladesh, 2015 ctxB1 tcpA®RS rtxA1 G248T C254T  int. DRX179760
Tanz 14 TaHsaHus, 2015 | Tanzania, 2015 ctxB7 tcpA°RS rtxA4 G248T C254T G265A ERS2318685
UG026 YraHpa, 2015 | Uganda, 2015 ctxB7 cpA°RS rtxAd4 G248T C254T G265A SAMNO08744332
4621STDY- Kenus, 2015 | Kenya, 2015 ctxB7 tcpA°RS rtxA4 G248T C254T G265A ERS1572785
6714750
4621STDY- Kenus, 2015 | Kenya, 2015 ctxB7 tcpA°RS rtxA4 G248T C254T G265A ERS1572784
6714749
UG020 YraHaa, 2016 | Uganda, 2016 ctxB7 tcpA°RS rtxA4 G248T C254T G265A SAMN08744331
uGo10 YraHnga, 2016 | Uganda, 2016 ctxB7 {cpA°RS rtxAd4 G248T C254T G265A SAMNO08744330
4621STDY- Kenus, 2016 | Kenya, 2016 ctxB7 tcpA°RS rtxA4 G248T C254T G265A ERS1572815
6714780
BGD143 BaHrnagew, 2016 | Bangladesh, 2016 ctxB1 {cpA°RS rtxA1 G248T C254T  int. DRX179768
BGD140 Banrnagew, 2016 | Bangladesh, 2016 ctxB1 tcpA®RS rtxA1 G248T C254T  int. DRX179766
IND220 WHaus, 2016 | India, 2016 ctxB7 tcpA°RS rtxA4 G248T C254T G265A DRX179803
IND231 WHawns, 2016 | India, 2016 ctxB7 tcpA°RS rtxAd4 G248T C254T G265A DRX179808
BGD137 Banrnagew, 2016 | Bangladesh, 2016 ctxB7 {cpACRS rtxA4 G248T C254T G265A DRX179763
CNRVC170168 MemeHn, 2016 | Yemen, 2016 ctxB7 tcpA°RS  rtxA4 G248T C254T G265A ERR2265674
CNRVC170175 MewmeH, 2016 | Yemen, 2016 ctxB7 tcpA°RS rtxA4 G248T C254T G265A ERR2269613
NALMLE36 BaHnrnagew, 2017 | Bangladesh, 2017 ctxB1 tcpA®RS rtxA1 G248T C254T  int. SIVL00000000
NALMLE34 Banrnagew, 2017 | Bangladesh, 2017 ctxB1 tcpA®RS rtxA1 G248T C254T  int. SIVJ00000000
NALMLE37 Banrnagew, 2017 | Bangladesh, 2017 ctxB1 {cpA°RS rtxA1 G248T C254T  int. SIVM00000000
THSTI_56695 WHawns, 2017 | India, 2017 ctxB7 tcpA°RS rtxA4 G248T C254T G265A ERR2270661
THSTI_56712 WHawns, 2017 | India, 2017 ctxB7 tcpA°RS rtxA4 G248T C254T G265A ERR2270662
CNRVC170179 WewmeH, 2017 | Yemen, 2017 ctxB7 tcpA°RS rtxA4 G248T C254T G265A ERR2269617
CNRVC170208 Memen, 2017 | Yemen, 2017 ctxB7 tcpA°RS rtxA4 G248T C254T G265A ERR2269811
CNRVC170197 MewmeH, 2017 | Yemen, 2017 ctxB7 {cpACRS rtxA4 G248T C254T G265A ERR2269710
NALMLEO5 Banrnagew, 2018 | Bangladesh, 2018 ctxB1 (cpA°RS rtxA4 G248T C254T  int. SIUG00000000
NALMLEO1 Baxrnagew, 2018 | Bangladesh, 2018 ctxB7 tcpA®RS rtxAd G248T C254T G265A  SIUC00000000
NALMLEO3 Banrnagew, 2018 | Bangladesh, 2018 ctxB7 {tcpA°RS rtxA4 G248T C254T G265A  SIUE00000000
NALMLE31 Banrnagew, 2018 | Bangladesh, 2018 ctxB7 {tcpA°RS rtxA4 G248T C254T G265A  SIVG00000000
KDCP136 Banrnagew, 2018 | Bangladesh, 2018 ctxB1 (tcpA°RS rtxA4 G248T C254T G265A  SRR14297670
KDCP183 Baxrnagew, 2019 | Bangladesh, 2019 ctxB1 tcpA®RS rtxAd G248T C254T  int. SRR14297546
CMR50 KamepyH, 2019 | Cameroon, 2019 ctxB7 tcpA°RS rtxA4 G248T C254T G265A SAMN16213389
CMR44 KamepyH, 2019 | Cameroon, 2019 ctxB7 {cpACRS rtxA4 G248T C254T G265A SAMN16213387
KDCP208 Banrnagew, 2019 | Bangladesh, 2019 ctxB7 tcpACRS rtxA4 G248T C254T G265A  SRR14297682
KDCP245 BaHnrnagew, 2019 | Bangladesh, 2019 ctxB7 tcpACRS rtxAd G248T C254T G265A SRR14297553
KDCP262 Banrnagew, 2019 | Bangladesh, 2019 ctxB7 tcpA°RS rtxA4 G248T C254T G265A  SRR14297555
KMCP107 BaHnrnagew, 2019 | Bangladesh, 2019 ctxB7 tcpA®RS rtxAd G248T C254T G265A SRR14297699
KMCP145 BaHrnagew, 2019 | Bangladesh, 2019 ctxB7 tcpA°RS rtxA4 G248T C254T G265A  SRR14297701
DMAVC-20 Banrnagew, 2021 | Bangladesh, 2021 ctxB7 tcpA°RS rtxA4 G248T C254T G265A SAMDO00514837
DMAVC-1 Banrnagew, 2022 | Bangladesh, 2022 ctxB7 {cpACRS rtxA4 G248T C254T G265A SAMDO00514672
DMAVC-16 BaHrnagew, 2022 | Bangladesh, 2022 ctxB7 (tcpA°RS rtxA4 G248T C254T G265A SAMDO00514833
DMAVC-19 Banrnagew, 2022 | Bangladesh, 2022 ctxB7 {cpACRS rtxA4 G248T C254T G265A SAMDO00514836




KYPHAJ1 MUKPOBUOJIOTUN, SMTMAEMNONOTUU N UMMYHOBUOJOIMI. 2023; 100(5)

DOI: https://doi.org/10.36233/0372-9311-389

351

OPUTVHANbHbBIE NCCJTIEAOBAHNA

OkoH4vaHwue Tabnuubl | End of the Table

MecTo v rog Bblgenenus

Annenb reHoB
Allele of genes

Homep poctyna
B Gen Bank/ENA

CTpykTypa reHoB
Genes structure

Ne | No. The site and year of isolation Gen Bank/ENA
ctxB tcpA rtxA gyrA | parC | carR access number
Ltammbl u3 Poccuiickon ®depepauuum | Strains isolated in the Russian Federation
*M-1275 Poccus, Kacnuiick, 1993 ctxB1  tcpAEt  rtxA1 int. int. int. LRAF00000000
Russia, Kaspiysk, 1993
*M-1270 Poccus, HabepexHble YenHbl, 1993 ctxB1  tcpAEt  rtxA1 int. int. int. VXCC0000000
Russia, Naberezhnye Chelny, 1993
*M-1293 Poccus, Pecny6nuka darectaH, 1994 ctxB1  tcpARt  rtxA1 int. int. int. JFFWO00000000
Russia, Dagestan Republic, 1994
1-1181 Poccus, HoBocnbupckas obnacts, 1994 ctxB1  tcpA®t  rtxA1 int. int. int. UCNO00000000
Russia, Novosibirsk region, 1994
1-1263 Poccus, UpkyTtek, 1997 ctxB1 tcpAEt  rtxA1 G248T  int. int. JPLT00000000
Russia, Irkutsk, 1997
*P-17644 Poccusi, AumHck, 1997 ctxB1  tcpAEt  rtxA1 G248T  int. int. JRTWO00000000
Russia, Achinsk, 1997
*M-1327 Poccus, [arectaH, 1998 ctxB1  tcpAEt  rtxA1 int. int. int. LRFEO0000000
Russia, Dagestan, 1998
1-1300 Poccus, FOxHo-CaxanuHck, 1999 ctxB1  tcpARt  rtxA1 int. int. int. JZCC00000000
Russia, Yuzhno-Sakhalinsk, 1999
*M-1344 Poccusi, KasaHb, 2001 ctxB1 tcpA®t  rtxA1 G248T  int. int. NEDY00000000
Russia, Kazan, 2001
*M-1429 Poccus, Benopeuk, 2004 ctxB1 {tcpA°RS rtxAd4 G248T C254T  int. LAEMO00000000
Russia, Beloretsk, 2004
*M1430 Poccus, Teepb, 2005 | Russia, Tver, 2005 ctxB1 {cpA°RS rtxAd G248T C254T  int. AYOMO00000000
*P-18899 Poccus, Mypmanck, 2006 ctxB1 {tcpACRS rtxAd4 G248T C254T  int. LAKMO00000000
Russia, Murmansk, 2006
*81 Poccusi, PoctoB-Ha-[loHy, 2014 ctxB1 tcpA®RS  rtxA4 G248T C254T  int. JRQMO00000000
Russia, Rostov-on-Don, 2014
*L-3226 Poccus, Mockea, 2010 | Russia, Moscow, 2010 ctxB7 tcpA®RS  rtxA4 G248T C254T  int. JDVX00000000
*L-4150 Poccusi, Mocksa, 2010 | Russia, Moscow, 2010  ¢txB7 tcpA®RS  rtxA4 G248T C254T  int. JNGTO00000000
*76 YkpavHa, Mapuynons, 2011 CtxB7 {tcpACRS rtxAd G248T C254T  int. MPVL00000000
Ukraine, Mariupol, 2011
*153 YkpauHa, Mapwuynons, 2011 CtxB7 {tcpACRS rtxAd4 G248T C254T  int. MWREO00000000
Ukraine, Mariupol, 2011
*39 YkpauHa, Mapuynons, 2011 ctxB7 {cpA°RS rtxAd G248T C254T  int. MWRC00000000
Ukraine, Mariupol, 2011
*186 YkpauHa, Mapuynons, 2011 CtxB7 {cpA°RS rtxAd G248T C254T  int. PYBQO00000000
Ukraine, Mariupol, 2011
*M1509 Poccus, Mockea, 2012 | Russia, Moscow, 2012 ctxB7 tcpA®RS  rixA4 G248T C254T G265A  AYNLO0000000
*3265/80 Poccus, Mockea, 2014 | Russia, Moscow, 2014 ctxB7 tcpA®RS  rixA4  G248T C254T G265A  JRQLO0O000000

MpumeyaHue. *LLTaMMbl, HYKNEOTUAHbIE NOCNEA0BATENBHOCTN FTEHOMOB KOTOPbIX CEKBEHMPOBaHbI HAMW; int. — UHTAKTHBIN.

Note. *Nucleotide sequences of strains sequenced by us; int. — intact.

HOM CyCIIEH3HMH C MCIONb30BaHueM Habopa «Axy Prep
Bacterial Genomic DNA Miniprep Kit» («Axygen»).
Knetku npenBaputensHO 00padaThIBagy MEPTHOISATOM
HaTpus 10 KoneuHo kouuentpamuu 1 : 10 000 (0,01%)
u nporpesanu npu 56°C B teuenue 30 muH. IlonHble
TEHOMBI XOJIEPHBIX BHOPHMOHOB CEKBEHHpPOBAJIM Ha
reHetndeckoM ananmzarope «lon PGM» («Thermo
Fisher Scientificy) ¢ ucmonb3oBaHMEM CTaHIAPTHBIX
MPOTOKOJIOB MOJATOTOBKH MPOO M MPOTrpaMMHOTO 00e-
cnedeHus. s KapTHpOBaHHUS W TIOMCKA EAWHUYHBIX

HYKJICOTHIHBIX nonuMopdu3moB (single nucleotide
polymorphism, SNP) B mony4eHHBIX NPOYTEHHUAX HC-
MOJIb30BAJIM MIPOrPaMMHBIN MakeT «Snippy V. 4.6.0».
[TpouTeHus: KapTHUPOBAIKCH Ha T€HOM pedepeHcHOro
mramma V. cholerae N16961, u 3arem GpopMHpPOBaIOCH
MHOXKECTBEHHOE BBIpaBHUBaHUE, coaepxkaiiee SNP B
00J1aCTAX, MPUCYTCTBYIOLIMX BO BCEX UCCIIEIYyEMBIX Te-
HoMax. [y mocTpoeHus ICHAPOrPaMMBI O aJrOPUT-
My MaKCHMaJbHOW 3KOHOMHH TPUMEHSIIN MPOTPaMM-
HBIH makeT «BioNumerics v. 7.6».
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PesynbraTtbl

JuHamuka usmeHeHUsA 2eHO8 NAMOo2eHHOCMU
U lekapcmeeHHoU ycmouyu8ocmu 2eHO8AdpuUaHMOos
V. cholerae El Tor, yupkynupytoujux 8 A3uu u Agppuke

st aHanu3a U3MEHEHEHUN T'€HOB MaTOr€HHOCTH
W JIEKQpPCTBCHHOW YCTOWYMBOCTH MBI HPOBEIH OHO-
MHQOPMAIIMOHHBI aHAJINW3 YYacTKOB T'€HOMa, conep-
JKaIKUX KitoueBble (cixB u tcpA) u AONOIHUTEIbHbBIE
(rtxA) TreHBl MATOTCHHOCTH, & TAKXKE TCHBI PE3UCTCHT-
HOCTH K aHTHOMOTHKAM, JIOKann3oBaHHbie B SXT-ame-
MEHTE U KOPOBOH 00JacTH XPOMOCOMBI (T€HBI gyrd,
parC u carR), 83 CUKBEHCOB KIMHUYECKHUX IITAMMOB
V. cholerae El Tor U3 3HIEMUYHBIX PETHOHOB, B3SITHIX
U3 MEKAyHapoAHBIX 0a3 maHHbIX. [IpoBeaéHHBIN aHa-
JIU3 LITaMMOB, HM30JIMPOBAaHHBIX Ha Teppuropun MH-
nuu, banrnagem, Hemana, ﬁeMeHa, Brernama, Tan-
3anun, Kennu, Yraunaer u Kamepyna B 1991-2022 rr,,
MO3BOJIMJI BBISIBUTH 3aMETHBIE Pa3iIMUUA B UX CTPYKTY-
Pe y U30JIATOB, BBIJICJIEHHBIX B pa3Hble nepuo/sl. Cpas-
HEHHE CTPYKTYPHI 3THX T€HOB Y PA3JINYHBIX BAPUAHTOB
TOBOPUT O TOM, YTO MPOILIECC UX U3MEHEHUsI IIPOUCXO-
JIWIT Ha TPOTSKEHUH OTHOCHUTENBHO KOPOTKOTO MEepHO-
Jia BpeMEHH U ObLT MHOTOCTYIIEHUATBIM.

W3 ananu3a nomyueHHBIX HAMM JaHHBIX JUHAMHU-
Ka U3MEHEHMsI U3y4aeMbIX CBOWCTB I'€HETHYECKHUX Ba-
puantoB Bo3Oyautens xoiepsl El Tor mpencrasnsiercs
cnenytomeit (puc. 1, a). Ilepolit aTan — npuodpere-
HUE MCXOJHBIMU T'€HOBapuaHTaMH (ctxB1) pa3nuyHbIX
tunoB SXT-311eMeHTa uepe3 ropu30HTANbHbII EPEHOC
renoB (1993-2001 rr.). 310 cobbiTHE TpUBENO K Qop-
MHUPOBaHHIO IITAMMOB 2 T€HOTHUIIOB, Pa3IMYalOIINXCS
HaOOpOM Te€HOB PE3UCTEHTHOCTH K aHTUOMOTHUKAM, —
ctxBIICEVchBan9, conepxamux 7 reHoB (floR, strAB,
sul2, dfrA1 n tetAR), KOMUPYIOIUX PE3UCTEHTHOCTD K
XJIopaM(EHUKOITy, CTPENTOMHIKHY, CylbhaHHIaMU-
Iy, TPUMETOIIPUMY U TETPALMKINHY COOTBETCTBEHHO,
u ctxBIICEVcIndS, umeromux smmb 5 renoB (floR,
strAB, sul2 v dfrA1) npu oTcyTCTBUM T'eHOB fetAR. Bee
NOCTIEAYIOUINE ATAIbl OBUIN CBSI3aHBI C MYTALUSIMU Te-
HOB NAaTOI€HHOCTH U KOPOBBIX T€HOB PE3UCTEHTHOCTH
K aHTUOMOTHKAM.

OnHO M3 BaOXHEUIIMX COOBITUH Ha CIICAYIOLIEM
3Tare MUKPOIBOJIIOLNN — MOSBIEHUE T€HOBAPHUAHTOB
C HOBBIMH aJJICISIMU KITIOUeBBIX (fcpA“*S) u mononnu-
TeNbHBIX (71XA4) TEHOB MAaTOTCHHOCTH, BO3HUKIIUX 32
C4ET HECMHOHMMMYHBIX OJHOHYKJICOTHIHBIX 3aMEH B
reHax tcpA(A266G) u rtxA1(G136024). bonee Toro,
OJHOBPEMEHHO BO3HUKIM JIBE TOUEUHBIE MYTallUU B
renax gyrA(G248T) u parC(C2547), kogupyIOmuX TO-
nounzomepasy 11 (JJHK-rupazy) u tonousomepazy 1V,
4yro obecrmeunsio (QOpMUpOBaHHE y MATOTCHA pe3u-
CTEHTHOCTH K HAJIMJUKCOBOM Kuciore. Takue reHosa-
pHaHTBI ¢ TeHOTHIIOM ctxB1tcpA“™SrixA4gyrA(G248T)
parC(C254T)ICEVchIndS, BnepBble 0OHapy>KCHHBIE B
2002 r. B MHaum, ObUTM TIOBCEMECTHO paclpoCTpaHe-
HBl B dHAEMUYHBIX peruoHax lOro-Bocrtounoil Asuu

ORIGINAL RESEARCHES

B 2002-2007 rr. (puc. 1, a). Tem He MeHee, HapsAdy C
HUMH, B DHIEMHYHBIX pPEruoHax A3WH HPOJOIKAIU
LUPKYJIUPOBATh IITAMMBI C UHTAKTHBIMU TeHaMU ctxB ]
u rtxAl, HO ¢ MyTalusIMH B TeHax fcpA, gyrd, parC.
Cpenu Hux B Wumuu (2006-2010 rr) u banrianenn
(2009-2019 rr.) npeobnanany MTaMMbI C HOBBIM TH-
nom SXT — SXTT™T, B cocTaBe KOTOPOro OBbLIN T'eHBI
tetAR, strAB, sul2 u dfrAl, HO, B OTINYME OT APYTHUX
SXT, orcyTrcTBOBai re floR. [eHOTHIT TAKUX IITAMMOB
Ob1 0003HaueH Kak ctxBltcpA“™rixA1gyrA(G248T)
parC(C254T)SXT'™ . BmecTe ¢ TeM pacrpoCTpaHSHUS
TAaKUX TEHOBAapUAHTOB Ha APYTHX TEPPUTOPHUAX HE OT-
MeueHo. CaMbIM CYIIECTBEHHBIM M3MEHEHHEM IC€HOMA
BO30YIUTENs, MOBJICKIINM 3a COOOW CTPEMHUTEIBHOE
pacmnpocTpaHeHHEe COBPEMEHHBIX T€HOBAPHAHTOB, CTa-
Jla MyTalus B APYTOM KITFOUEBOM I'€HE TaTOr€HHOCTH —
ctxBl. Onnonykneotuanas 3amena nuro3uHa (C) Ha
angeHuH (A) B mo3unuu 58 mpuBena K BOSHUKHOBEHHUIO
HOBOTI'O aJulellsl ciXxB7 Y NOSBICHUIO PaHEE HEU3BECT-
HBIX TCHOBAPUAHTOB C MyTallUsIMH B YKa3aHHBIX TeHax
MaTOTeHHOCTH W yCTOWYMBOCTU K aHTHOMOTHKaM (re-
HOTUNT  ctxB7tcpA“®SrixA4gyrA(G248T)parC(C254T)
ICEVchIndS). Tem He MeHee UX T€HOM MPOJOIIKAI U3-
MEHSITBCSI.

3HauuMoe K3MEHEHHWe, MMeIollee TUarHoCTHYe-
CKO€ 3HaYeHN e, — BO3ZHUKHOBEHHE IOTIOTHUTEILHOM TO-
YEYHOU MyTallUU B PETYJIATOPHOM I'eHe carR — 3aMeHa
TyaHHWHA Ha aJiecHUH B To3uliuu 265(G265A4). Takas my-
TalMs IPUBEJIa K yTpaTe yCTOHUYNBOCTH K TOTMMUKCHHY
y mwrramMmmoB V. cholerae El Tor — cienuguueckoro map-
Kepa BUOPHOHOB 3TOro OnoBapa [10] u mosiBIIeHUIO 1O~
MYJISIAU € TSHOTUIIOM CIXB 7tcpA“™SrixA4gyrA(G248T)
parC(C254T)carR(G265A4)ICEVchIndS, nmoscemecTHO
pacmpocTpaHuBLIeiics B crpaHax Asuu u AQpUKH.
[Nocnenyromasi MyTanus B 3THX IITaMMax 3aTpPOHY-
na redoM ICEVchIndS. Bo3uukia aenenust pazmMepom
okosio 10 T.IL.H., Ipu KOTOpOH ObIIM yTpadeHsl 4 reHa
pesucteHTHOCTH K antubuotukam (floR, strA, strB n
sul2). CoxpaHuiicsi nuIIb TeH dfiAl, onpenenstommii
YCTOWYUBOCTb K TPUMETONPUMY. Takue HOBbIE T€HOBA-
pHaHTBI ¢ TeHOTUIOM ctxB7tcpA“™SrixA4gyrA(G248T)
parC(C254T)carR(G265A)ICEVchIndSAVRIIL  cranu
mpoko pacnpoctpaHéHHsiMi B 2009-2019 rr. B Ke-
Huu, Tan3zanuu, Yragge, a Takxke banrmazgeni, Maguu,
Wemene (puc. 1, a).

TakuM 00pa3oM, Cpein HCCIIEAOBAHHBIX HITAM-
MOB BBISIBJICHBI 8 TUIIOB TeHETHYECKIX BAPUAHTOB, pa3-
JMYAIOIIUXCSI HA0OPOM U3MEHEHHBIX T€HOB aTOreHHO-
CTH U PE3UCTEHTHOCTH K aHTUOMOTHKAM.

AHanu3 usmeHeHUs 2eHO8 NAMO2eHHOCMU
u slekapcmeeHHoU ycmol4ugocmu 2eHO8apuaHmMos
8036youmens xosepel, 8bi0eneHHbIX 8 Poccuu

Jlns BBISBIEHUS WU3MEHEHHHM B T'€HOME TI'€HOBa-
puaHToB, 3aBe3éHHBIX B Poccuro B 1993-2014 rr., no-
JYyYWJIM TOJHOT€HOMHBIE CHKBEHCHI 18 TOKCHUTE€HHBIX
LITaMMOB, U30JIMPOBAHHBIX OT OONBHBIX (15 H3054TOB)
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ctxBltcpA ™ gyrA(G248T)

ctxBIICEVchBan9
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Puc. 1. lnHammka n3ameHeHns1 CBOWCTB LUTAaMMOB reHeTu4eckux sapuaHtoB V. cholerae O1 6uosapa El Tor, BbigeneHHbIX Ha TEPPUTOPMM SHAEMUYHBIX MO XOrepe CTpaH

Asnun n Adpuku (a) n Poccun (6).
BepTI/IKaJ'IbeIe NYHKTUPHbIE NMMHUU YKa3bIBatOT reHOTUMbI LUTaMMOB, 3aBe3EHHbIX Ha TEeppuUTOpUIo Poccun ns SHAEMUYHbIX CTPaH.

Fig. 1. Dynamics of changes in properties of V. cholerae O1 El Tor genovariants, isolated in endemic for cholerae Asian and Africa countries (a) and the Russian Federation (b).

Vertical dotted lines indicate genotypes of strains imported to Russia from endemic countries.

1 U3 BoJHOM cpenbl (1 mramm) Ha Tepputopuu Poccun
1 BO BpeMs BelblKK xosepsl B 2011 1. Ha Ykpauwe,
B Mapuynosne (tabmuna) [24]. 3aTem mpoBeiu aHaIu3
HYKJIEOTHHBIX  IIOCJEJOBATEIbHOCTEN  yKa3aHHBIX
BBIIIE I€HOB IIATOTCHHOCTU U JIEKaPCTBEHHOW YCTOM-
YMBOCTH JTHX IITAMMOB M 3 KIMHUYECKHUX H30JISTOB,
CHUKBEHCHI KOTOPBIX OBLTH MOJYYCHBI PaHee.
YCcTaHOBNIEHO, YTO U3YyYEHHBIE IITAMMBI B 3aBH-
CUMOCTH OT BPEMEHHM 3aB03a HECIH B I€HOME pa3HbIe
aJIeNH KIIIOUYEBBIX U IOTIOJIHUTENIbHBIX T€HOB MATOTEH-
HOCTH ctxB, tcpA u rixAl, a Takke pa3IU4HbIE THUIIbI
SXT-anementa. K Tomy ke mramMmsl pa3inyaiuch Ha-
JUYHMeM MyTauuu B reHax gyrd, parC u carR, Konupyo-
IIMX PE3UCTEHTHOCTh K aHTHOMOTHKaM. Ha puc. 1, 6
MIPEJCTABIIEHB] 5 BBIIBICHHBIX TEHOTHUIIOB 3aBE3EHHBIX
BapuaHToB Bo3Oyaurens B Poccuio (1993-2014 rr) u
Ha Ykpauny (2011 r.) u mokazaHo BpeMs UX MOSBICHUS
Ha 3THUX TeppuTopusix. Ha panHux sramax ¢opmupo-
BaHHs reHoBapuaHToB (1994-1999 rr.) B PecnyOnuky
Harecran, lOxxnHo-Caxanuack u HoBocubupck u3 Ila-
kucrana, Caynosckoit ApaBuu, Kuras u Unauu coort-
BETCTBEHHO [25] ObLIM 3aBe3CHBI IITAMMEI C ctxBl, B
reHoMe KoTopbix npucytcrBoBan ICEVchABan9 (Tabnu-
na). Ilpakruuecku omuoBpemenHo (1994-2001 rr) B
npyrue peruonsl Poccun (Mpkyrck, AunHck, Kazanp)
n3 Kazaxcrana [18] ObLIM 3aHECCHBI T'€HOBAPUAHTHI
ctxB1 ¢ npyrum turiom SXT — ICEVcIndS. [lanbhei-
1I1e U3MEHEHUs TeHOMa IPUBEIH K MosBIeHuto B Poc-
CHH JIpyTUX BapHaHTOB BO3OYIUTENS C JOMOTHUTEIb-
HBIMHM MYTALMsIMU B T€HaX MaTOr€HHOCTH U KOPOBBIX
reHax antubunorukoycrounoct. B 2004-2014 rr. B
benopeuke, Teepu, Mypmancke u Pocrose-na [[ony ot
OOJIBHBIX M M3 BOAHOW Cpe/ibl ObUIH BBIJICJICHBI 3aBE3EH-
HbIe B OCHOBHOM U3 WHmuu mrammel [17] ¢ HOBBIMU
aIUIENSIMU TeHOB fcpA u rtxAl — tcpA“® n rtxA4 co-
OTBETCTBEHHO (Tabnmua). bonee Toro, 3TH BapuaHTHI
BO30YIUTENS COAEpKaIN eIé MyTaluHu B TeHax gyrA
u parC, KOTOpble PUBEIN K PE3UCTEHTHOCTH K HaJHU-
JIUKCOBOM Kuciore. Takue MyTauuM B F€HOME OKa3a-
JIUCh BECbMa YCTOWYMBBIMH, ITOCKOJIBKY OHU COXPaHs-
JIUCh Y BCEX BapUAHTOB, BBISABIECHHBIX BIIOCIEICTBUU.
W3zonupoBaHHble B Ooiee MO3AHUI MEPHO IITAMMBI
(Mocksa, Mapuynons; 2010-2014 rr.), oTiauyasich ot
MPEAIECTBYIOLIUX aJUIeNIeM cixB7, OTHOCUIIUCh K HO-
BBIM T'€HETHYECKHM BapHaHTaM C MOBBIIIEHHBIM 1aTO-
TE€HHBIM M 3MUJAEMUYECKUM TTOTeHIMaIoM [6, 7]. bonee
TOTO, TIPU aHAJIU3E CUKBEHCOB CPEJIM HOBBIX BAPHAHTOB
BO30yIUTENs C TEHOM ctxB7 ObLIM OOHApYy>KCHBI JBa
mramma (Mocksa, 2010, 2014 rr.) ¢ 1OMOTHUTEIHHON
myTtanueid B rere carR(C2547), nosnekiei 3a co0oi
yTpaTy pe3UCTEHTHOCTH K MOJIMMUKCUHY B — nuarso-
ctryeckoro mapkepa BuopuonoB El Tor (Tabmuna).
®deHoTunuyeckuii aHanu3 18 mramMmoB moOKa-
3an, uro 12 mrammoB (M-1429, M1430, P-18899, 81,
L-3226, L-44150, 76, 153, 39, 186, M1509, 3265/80),
BoIIeTeHHBIX B 2004-2012 IT. 1 UMEIOIMUX MyTalluu
B reHax gyrd u parC, ObUIH YCTOHYMBBI K HAJIUIUK-
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COBOM KHUCJIOTE, Torga kKak 6 mrammoB (M-1275,

ORIGINAL RESEARCHES

QunozeHemuuecKue c8a3u 2eHoeapuaHmos

M-1270, M-1293, P-17644, M-1327, M-1344), u3o- 8036yOoumeis xonepol U3 SHOEMUYHbIX CMPAH
nupoBaHHbIX paHee (1993-2001 rr.) u coxpaHUBLIMX u Poccuu
3THU I'€Hbl UHTAKTHbBIMHU, ObLIH YYBCTBUTCJIbHBI K JaH- Ha puc. 2 MpeaACTaBJICHbI (bI/IJ'IOFeHeTI/I‘IeCKI/IC CBsA-

HOMY aHTHOMOTHKY. Kpome Toro, 2 mramma (M1509  3u 98 mrammoB u3 Asun, Adpuku u Poccun, ycranos-
u 3265/80) ¢ oOHapyKeHHOW MyTalueidl B reHe carR  neHHble Ha ocHOBe ux SNP-ananm3za. [lpu cpaBHeHUU
JEHCTBUTEIBHO YTPAaTHIM PE3UCTEHTHOCTH K TOJNH-  TOJHBIX TEHOMOB 3THUX LITAMMOB € pedepeHCHOH mo-

MukcuHy B (Tabnuuna).

@ Lrammbl u3 Poccun
Strains of Russian Federation origin

O UWrammbl n3 Asum
Strains of Asian origin

O Wrammbl n3 Appukn

clienoBaTeNbHOCTRI0 mTaMMa N16961 Beigsrin 1606

VI

(167-201 SNPs)
M1509

KDCP245

DMAVC19 _ DMAVC1

Strains of Africa origin O bmavczo
Vv O kmcp145
(134-193 SNPs)
L4150
BOD043 g ) INDOGS £
BGD113) 13226 veid
. INDO51
860065() ~ O O
BGD060, BGD067 \—/ 4519
Beposs O Q Quoos VII
inDo31 O (171-183 SNPs)
inD033 O ® 39
N NRVC170168 () CNRVC170208
il M1430 _ srovor®) () CNRvC170197
v M1429 tanz14 /
CNRVC170175
(129-226 SNPs)  P18899 ®
CIRS101
560 P17644
4551()
) M1344
8eD095 () BGZ VN243P07
BGD132 II 11263
. BGDO082 .
5o O = (129-226 SNPs)
-
8eD122 O VC16, VC8
BGD120 BG1 7 .
‘ N16961
BGD143, NALMLE37 [ NALLEDS BGD08Y V2121 ference
NP 235 I ctxBIICEVchBanY; ctxBI
G S O 101 M1275 o1 1T ctxBIICEVchIndS
KDCP183 M1270 TET 3 CIRS
AL BO0140 (152-241 SNPS) L IIT ctxBISXT™ gyrd(G248T)parC(C254T)tepA )
9 IV ctBIICEVehndSgyr(G48T)parC(C254T)epA “rexdd
ms27 V' ctB7ICEVchindSgyrA(GA8T)parC(C254)Ticpd ™rixdd
I VI cteB7ICEVchindSgyr(AG248T)parC(C254)Ttepd ™ rixA4carR(G263A)
(98247 SNPs) 181 VI cteB7ICEVehIndSAVRIlgyrA(G248T)parC(C254T icpA ™ rivd4carR(G265A)

11300

Puc. 2. dunoreHetnyeckoe aepeso wtammMoB U3 knactepos |-Vl renetnyecknx BapuaHToB V. cholerae O1 6uosapa El Tor,
NOCTPOEeHHOe Ha ocHoBe nonHoreHomHoro SNP-aHanuaa.
Mcnonb3osaHa nporpamma «BioNumerics v. 7.6», meTogq — maximum parsimony tree. KpacHbiM 0603Ha4YeHbl reHbl NaTOreHHOCTN, CUHUM —
reHbl J'IeKapCTBeHHOIZ yCTOVNVIBOCTVI.
Fig. 2. Phylogenetic tree of genovariants of V. cholerae strains from clusters |-VIl was constructed based on whole-genome
SNP analysis.

Analysis was performed in BioNumerics v. 7.6 based on maximum parsimony tree algorithm. Pathogenicity genes are indicated in red, drug
resistance genes are indicated in blue.
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SNP B xopoBbix renax. IloctpoenHoe ¢uiorenernye-
CKOE JIEpeBO W €ro aHajM3 IOKa3ald, YTO HCCiemye-
MbIC T'€HETHYCCKHE BapHaHTBl BO3OYyIUTENsS 0Opa3yroT
7 KJIacTepoB, B KKIBIA U3 KOTOPHIX BXOAMIN ITAMMBI
c ompeaenénHeiM reHoturioM (puc. 2). Tak, kinacteps
I u II cocrosnu U3 reHOBapUAHTOB, U30JIMPOBAHHBIX B
HavyaJlbHBIA Tepron ux obpaszoBanus (1993-1998 u
19972001 rT. COOTBETCTBEHHO) W pa3NIUYAIOLINXCS
MIPUCYTCTBHEM B F€HOME pa3HbIX TUNOB SXT-3amemMeHra.
[Nocnenyromye mo3TanHble U3MEHEHUs] TeHOMa BO30y-
JWTENs B TPOLIeCcce IBOIIOIMHU MPUBENH K opmuposa-
HUIO Pa3IMYHBIX TPy T€HOBAPUAHOB, Pa3IMYaIOINX-
Csl HOBBIMM MYTALMSIMU T€HOB MaTOTEHHOCTH W JIeKap-
CTBEHHOW YCTOWYHMBOCTH U BOILEIIINX B COCTaB JPYTHX
5 xnactepoB (III-VII), uto oTpakaeT ux reHOMHOE pas-
HooOpasue. Haumbonee ynman€unesie oT pedepeHCHOro
mramma kiaactepsl VI u VII o0pa3oBany reHoBapuaHTHl,
BO3HHUKIIIKE B [TOCIICAHEE IECATUIICTHE U HECYILHE COove-
TaHHE MOCICAHUX HanOoJiee CyIeCTBEHHBIX H3MEHEHHUI
B reHoMme (ctxB7, carR(C254T) u ctxB7, carR(C2547),
ICEVchInd5SAVRIID) ¢ paHee BOSHMUKIIMMH MYTallHsi-
MU B reHax tcpA, rtxAl, gyrA v parC (puc. 2). Tem He
MEHee, HeCMOTpsl Ha T€HOMHOE pa3HooOpasue, Mmpe-
CTaBJICHHbIC BApHUAHTHI BO30YIUTEIS, H30JMPOBAHHbBIC B
Pa3HBIX SHAEMUYHBIX ¥ HEIHJIEMUYHBIX PEruoHax, Gu-
JIOTEHETHYECKH CBA3aHbI APYT ¢ ApyroM. Crnemyer 0co6o
OTMETHUTH TECHYIO (PUIIOTEHETHYECKYIO CBA3b T€HOBAPHU-
aHToB M3 Poccuu ¢ M3omsATaMu M3 SHIEMUYHBIX CTpaH
I0ro-Boctounoii Asun. B wactHOCTH, Takas CBs3b ObI-
Jia BBISIBJICHA MEX]y T€HOBapUaHTaMH, 3aBE3EHHBIMU B
Poccuro B 2004-2014 rr., u mraMmmaMu, UPKYIUPYIO-
muMH B IHAWY B TOT ke EpHO,.

O6cyxpeHune

OHUM U3 BaXXHENIINX COOBITHN B DBOIIOLIUH BO3-
oyaurens xonepsl El Tor siBisiercs oOpazoBaHue mep-
BBIX reHeTH4YecKuX BapuanToB (1991 1) 3a cuér npu-
o0OpeTeHus UM TeHEeTHYeCcKOro mMarepuaia ot V. cho-
lerae knaccuyeckoro OuoBapa — rena ctxB1. OgHako
UX FeHOM OKa3aJIcsi HeCTaOMIBHBIM, M BO3HUKIIH HOBBIE
BapUaHThI BO3OYIUTENS C HEU3BECTHBIMU paHEe CBOM-
cTBaMH. B Hameil paboTe BepBbie IPOBEAEH CPaBHU-
TENbHBIM aHalu3 HYKJICOTUIHBIX IOCIEA0BATEIbHO-
CTEH KJIIOYEBBIX U JONOJIHUTENBHBIX I'€HOB MaTOreH-
HOCTH, a TAKXKE I€HOB JICKAPCTBEHHON YCTONYUBOCTH
104 TOKCUTE€HHBIX IITaMMOB, LHMPKYJIUPYIOIIUX B
9 3HAEMHUUYHBIX PETHOHAX U 3aHECEHHBIX Ha TEPPUTO-
pun Poccum Ha MpOTSIKEHUHU JIMTEIBHOTO NEpUoaa
(19912022 rr.). Cpenu 83 wuccleqOBAaHHBIX IITaAM-
MOB, U30JIMPOBAaHHBIX B SHAEMUYHBIX PETHOHAX A3UHU
u Adpuxu B 1991-2022 rr., HaMu BBISBICHBI § OC-
HOBHBIX THUIIOB T'€HETHYECKHX BapHaHTOB, pa3jihya-
foIxcsi HabOpoOM MYTaHTHBIX T'€HOB MaTOTEHHOCTH
(TOUeuHBIC MyTAaIMK B reHax ctxB, tcpA v rtxAl) u pe-
3UCTEHTHOCTU K aHTUOHOTUKaM (pa3Hble TUnbl SXT,
TOueUHblEe MyTaluu B redax gyrd, parC u carR u ne-
nenus B ICEVchIndS5).

AHanu3 TUHAMHUKY U3MEHEHHS UX T€HOMa Ha Ipo-
TsoKeHuu nouTH 30 JeT mokaszai, YTo MPOUCXOIUIIO TO0-
CJIeI0BATENIbHOE HAKOIUIEHHE MyTallil B reHax, KoJIu-
PYIOLIUX 3MUAEMUYECKH BakKHbIE CBoMcTBa. ClleACTBU-
€M 3TUX MyTalllii, 10 JaHHBIM IPYTHX UCCIIeioBaTeNe,
CTal0 YCWIEHHE BUPYJICHTHOCTH IaTOreHa 3a CUéT
nossiteHHoi npoaykuuu XT [9, 10], yrpara Pol® —
JIMAarHOCTHYECKHU 3HAUMMOTO npu3Haka [14], u usmeHe-
HHUE CIEKTpPa PE3UCTEHTHOCTH K aHTMOHMOTHKaM. [lpu
3TOM KaXKIIple TIOCIIEAYIOIIME MyTaluu o0ecreuuBaIn
CEJIEKTHBHOE IMPEUMYILECTBO HOBBIX I'€HOBApPHAHTOB,
BBIpa)karolieecsi B OONBLION CKOPOCTH paclpocTpa-
HEHHS W BBITECHEHHMHM MMHU paHee C(HOPMUPOBAHHBIX
mramMoB [1]. HaubGosnee cymecTBeHHON cTana myTa-
1y B ree ctxB1, o0yciioBuBIIast OSBICHHE IITAMMOB
¢ ajuiesieM ctxB7 B JONOJIHEHHE K APYTUM MyTalUsIM B
reHax MaTOTEHHOCTH U JIEKAPCTBEHHON yCTOMYUBOCTH.
CornacHo NMoka3aHHOW HaMH TUHAMHKE U3MEHEHUS Te-
HOMa UMEHHO 3TH BapUaHTHI, BO3HUKIIINE B COBPEMEH-
HBIH MEepHUoJl MaHAEMUH, IIUPOKO PACHpPOCTPAHEHBI B
crpanax Asun (Muauu, banrmanen, Memen) u Abpuku
(Tanzanusi, Yranna, Kenus), 4To MOJIHOCTBIO COIIacy-
eTcsl ¢ JaHHBIMU JpYrux ucciuenonareneii [1, 9]. Takas
CUTYyalMsl TI03BOJISIET MPOTHO3UPOBATh MX IOSIBICHUE
Ha Tepputopun Poccuu B ciyuyae 3aBo3a BO30yIuTENs
XOJIEpHl B pPe3yNbTare paclIupeHrs SKOHOMHYECKHUX U
TYPUCTHUECKHX CBSA3EH ¢ yKa3aHHBIMH peruoHamu. On-
HAKO BOIIPOC O TOM, Kakoi M3 M3BECTHBIX BapHAHTOB
CTaHET JIOMHUHUPYIOLIUM B OJIMKAUIIUE TOJbI, OCTAETCS
OTKPBITHIM, MTOCKOJIBKY MPOAOJIKAIOIINECS NU3MEHEHHS
TeHOMa SIBJISIOTCS, BUAUMO, OJJHUM U3 OCHOBHBIX MeXa-
HU3MOB peaju3aly CTpaTerny BbDKHMBAaHUS IaToreHa
KakK B OpraHU3Me X034MHa, TaK U B MEHSIOLIecs OKpy-
JKaroUen cpene.

[TockosibKy BO3MOXHOCTh TaKUX COOBITHH IMOJ-
TBEpXJCHA BBIABIECHHEM B PoccuM paznuyHBIX Te€He-
TUYECKH U3MEHEHHBIX IITaMMOB, BCTAJl BOIIPOC O JIU-
HaMUKe U3MEHEHHs ux reHoruna. [lonydeHsl CHKBEH-
Chl TEHOMOB 18 mITamMMOB, U30JIMpOBaHHBIX B Poccun
u Ha VYkpuane (Mapuynons). CpeaHee 3HaueHUE
MOKPBITHSA MOJHBIX IOCIEA0BAaTENbHOCTEH T'€HOMOB
coctaBuio 66,5. [IpoBenEHHbII HAMU aHalW3 DTHX
CHUKBEHCOB, a TaK)Xe 3 CHKBEHCOB, ITOJIy4EHHBIX pa-
Hee, MoKa3aJl, YTO AMHAMHMKA U3MEHEHHs T€HOB IarTo-
TE€HHOCTHU U JIEKAPCTBEHHOM yCTOMYUBOCTHU 3THX HU30-
naTOoB Ha nipoTskeHun oosnee 20 net (1993-2014 rr.)
MOJIHOCTBIO COOTBETCTBOBaja TAaKOBOM IITaMMOB,
HUPKYIUPYIOUINX B SHAEMUYHBIX PETUOHAX B pa3HbIe
nepuonbl. BakeH yCTaHOBJICHHBIM HaMu (akT, 4TO B
noclieiHee AecAaTuiIeTre OblTN 3aBE€3¢HBI HOBBIE TEHO-
BAPUAHTBI C BBICOKOM BUPYJEHTHOCTBIO M U3MEHEH-
HbIM IMarHOCTUYECKUM CBOMCTBOM 3a CUET MYTalUM
B reHax ctxB1 u carR. OnHaKo, COIIaCHO HAIIMM JIaH-
HBIM, YPOBEHb T€HOMHOTO Pa3HOOOpa3usi BapHAHTOB
B0o30OynuTenss U3 Poccuu ObUT HECKOJNIBKO HUXKE, YeM
B SHIEMHYHBIX peruoHax. Tak, moka He OOHapyKEeHbI
HITaMMBI C yTPaueHHBIMU T€HaMU PE3UCTEHTHOCTH K 4
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anTuOuotukam (floR, strA, strB v sul2) 3a cuér npors-
sxéunor nenenun SXT-3neMmeHTa.

[lpu npoBeneHnn (GUIOTCHETHYECKOTO aHAIIU-
3a YCTaHOBJICHO HE TOJILKO T'€HOMHOE pa3zHooOpasue
TCHOBAPHAHTOB, HO M JIOMHHHPOBaHHE B HAcTOsIICe
BpeMsl B DHJCMUYHBIX PETHOHAX HEJAaBHO BO3HUKIIMX
BapUaHTOB C JIOTMOJIHUTEIBHBIMA MYTalMsIMA B TE€HAX
BHUPYJICHTHOCTH U JIEKAPCTBEHHON YCTOMYMUBOCTH, KO-
TOPBIE YCWINIM UX MMaTOreHHbI noreHuuan. [Tokasan-
HbIE M3MEHEHUS] TeHOMa BO30YIUTENs B SHAEMHUYHBIX
perMoHax yKa3bIBalOT Ha HEOOXOAMMOCTD MOCTOSIHHOM
MX OLIEHKH U CBOEBPEMEHHON pa3paOOTKH aJeKBar-
HBIX CPEJCTB FC€HOJUArHOCTHKH U poduiakTuku. O06-
HapyxeHue B Poccuy HOBBIX T€HOBAPHAHTOB C paHee
HEM3BECTHBIMU MYTaLUSMH U BO3MOYKHBIE HOBBIE HX
3aBO3bl TpeOyeT pa3paboTKu OBICTPHIX CIIOCOOOB HX
uaeHTHu(uKkanuu, 4ro OyaeT crmocoOCTBOBAaTh IMOBbI-
meHuo 3(PHEKTUBHOCTH SMUACMUOIOTHICCKOTO HaJI-
30pa 3a xoJepoil. B wacTHoCTH, TIOy4EHHbIE JaHHBIE
OBUIM HCIIONB30BAaHBI HAMU TSl Pa3pabOTKH OBICTPBIX
Croco0OB MACHTU(UKAINUN HOBBIX T€HOBAaPUAHTOB C
M3MEHEHHBIMH T€HAMH NaTOTeHHOCTH U YTPaueHHBIM
OonoBap-crenupruIecKkuM CBOICTBOM METOAOM MYJIBTH-
JIOKYCHOM IIOJIMMEPA3HOM LIENIHOM PeakLuu, 4To CyLie-
CTBEHHO YCKOPHT UX T€HOAUATHOCTHUKY.

BbiBOAbI

1. Cpenu nM3yuyeHHBIX T€HOBApHAHTOB U3 9 sHIE-
MUYHBIX CTpaH A3uu U AQpPUKHU BBISIBIECHBI 8 TEHOTH-
MOB, Pa3IUYAIOIUXCA MyTalMsMHM B I'€Hax MaTroreH-
HOCTH M JIEKapCTBEHHOM ycToitunBocTH. Cpenu HUX
100aJIbHOE PACHPOCTPAHEHUE UMEIOT HOBBIE BBICOKO-
BHUPYJICHTHbIE T€HOBAPUAHTBI C aJLIENEM CiXB7.

2. I'enoBapuanTsl, 3aBe3éHHBIE B Poccuio, oTHO-
CIWJINCH K 5 TEHOTHIIaM, BKJIIOYas IITaMMBI C ajuleIeM
ctxB7 n motepsaHHBIM OMOBap-CIEHU(PUYECKUM CBOM-
ctBoM PolR. YcraHoBieHHas uX TecHas (hUIOTeHeTHYe-
CKasl CBSI3b CO IITAMMAaMH U3 3HJEMHUYHBIX CTpaH A3UU
MOATBEPKAAET X 3aB0O3 U3 3TOTO PETHOHA.

3. I'enoMHOe pa3HOOOpa3ue BapHaHTOB BO30YIH-
TeJIsl XOJIEPhl B SHJIEMUYHBIX PETUOHAX U MX peaibHas
BO3MOXKHOCTB 3aB03a B Poccuio yka3pIBaroT Ha He00XO-
JUMOCTb TIOCTOSSHHOTO MOJIEKY/ISIPHO-TEHETUYECKOTO
MOHHUTOPUHTa BO3OYIUTENS [ BBISIBICHHUS W3MEHEH-
HBIX '€HOB [IaTOT€HHOCTH U JICKAPCTBEHHOW yCTONYM-
BOCTHU C LIEJBIO CBOEBPEMEHHOHN pa3paOOTKH aJeKBar-
HBIX CPEACTB AUATHOCTUKU U MPOPUIAKTHKH.
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AHanus yupKynauum Kokcakusmpyca A6 B cyobekrTax
JanbHeBOCTOYHOro ¢pefepanbHOro oKpyra
Poccuinckon ®epepaynnm B 2014-2019 rogax

byTtakoBa J1.B.”, Canera E.l0., TpoueHko O.E.

Xa6apOBCKI/II7I Haquo-mccneuosaTeanKMM NHCTUTYT SNNAeMnNonornn n MI/IKpO6I/IOJ'IOFI/IVI, Xa6apOBCK, Poccna

AHHOMauus

BBeaeHue. MonekynsapHO-anuaeM1Monormyeckmin MOHUTOPUHT 3a 3HTEPOBUPYCHON nHdekumen (3BU) B cybbek-
Tax Poccwuiickon ®enepaunm nokasan, 4to Kokcakmsumpyc A6 (KB-AB) Ha NpoTsKeHun nocrnegHux net 6bin ogHnM
13 JOMUHUPYIOLLMX TUMOB SHTEPOBUPYCOB (OB), UMpKynupoBaBLUMX Cpeau HaceneHus CTpaHbl, U B OTAENbHbIE
rodbl SIBUICS NPUYNHON GonbLUMHCTBA Berbilek B,

Lenb paboTbl — npoBecTu aHanua umpkynsumm KB-A6 B cybbekTax [JanbHEBOCTOYHOrO dheaepanbHOro okpyra
(O%O0) B 2014—2019 rT. € MCNONBL30BaAHWEM MONEKYNAPHO-TEHETUYECKUX METOAOB.

Martepuanbl U Metoabl. Buonornyeckun matepuan, noctynaswun u3 9 cybbvektos AP0, nccnegosanu me-
TOOOM MOSIMMEPA3HON LIEMHOM peakumMn ¢ obpaTHOM TpaHckpunumen ans obHapyxeHus PHK 3B. Mposogunu
aMnnmdmKaLmnio NoNoXMTENbHbIX 06pa3uoB Ans NONyyYeHUsT HYKNeoTUAHbIX nocrneaoBaTenbHoCcTen parmMmeH-
T0B reHoB VP71 n VP2 ans panbHenwero yctaHoBneHusa tuna 3B. [Ina monekynspHO-reHeTu4eckoro aHanmsa
OanbHEeBOCTOYHbIX WTamMmmoB KB-A6G nonyyeHbl HyKneoTuaHble nocrneaoBaTenbHOCTM oparmeHToB reHoB VPT n
3Dpol. NocTpoeHne punoreHeTMYeckMx 4epeBbLEB OCYLLECTBNANN C UCMONb3oBaHNeM bariecoBbix ounoreHeTu-
YeCKMUX METOA0B.

Pesynbratbl. C 2014 no 2019 r. nonyyeHsbl 1773 HyknNeoTMaHblE NOCNEA0BaTENBHOCTM HEMOMMOMUENUTHBIX OB
43 Tunos, unpkynuposasLwmx B APO, npn 3TOM OCHOBHAaA YacTb CUKBEHCOB npuHaanexana KB-A6 (524; 29,5%).
B roabl HanbonbLen noeHtudmkaumm KB-A6 B cybbektax PO Habnoganuck nogbémbl 3abonesaemoct 3BU
C perucTpaumen BCrblWeYHbIX o4aroB. M3 knnHudeckux nposieneHunin 3BU, BbizBaHHbIX KB-AB, B [IOO npeobna-
Janu repnaHrmHa u aKk3aHTeMHble popMbl. PUnNoreHeTMYECKMIn aHanu3 nokasan nNpUHaANIEeXHOCTb AanbHEeBO-
cTo4HbIX WTammoB KB-AB k npesanupytoliemy Bo BCEM Mupe cybreHoTuny D3, a Takke LUMpKynauuio B aHanmau-
pyeMblii Nepnoa BpeMEHM HECKOMbKMX PEKOMOMHaHTHBIX doopm KB-A6 (RF-A, -H, -L, -N, -R).

3akntoyeHue. YCTaHOBMNEHHOE reHeTnyeckoe pa3Hoobpasve wrammos KB-AB, unpkynnposaBsLumx B cybbekTax
OO0 B 2014-2019 rr., TpebyeT AanbHerwero n3y4yeHus ansi Nony4YeHns HoOBbIX 3HAHWI O MOMNEKYNSPHOM anuae-
muonornnm KB-A6 1 coBepLLEHCTBOBAHUSA CUCTEMbI ANNOEMMUONOrMYECKOro Haa3opa 3a ABU.

KnioueBble cnoBa: aHmeposupycHasi UHGeKUUs, 3HMeposupPyChl, KOKcakusupyc A6, cekeeHuposaHue, ¢huso-
2eHemuyeckuli aHanus, pekoMbuHaHMHbIe GhopMbI

Amu4yeckoe ymeepioeHue. VccnenosaHvie NPOBOAWNIOCH NpU A06POBONEHOM MH(POPMUPOBAHHOM COrnacum nauu-
eHToB. [MpoTokon uccnegoBaHus ogobpeH dTudeckum kommuteTom Xabaposckoro HUW anngemuonorum n Mukpobuo-
norum (npotokon Ne 2 ot 14.01.2014).

UcmoyHuk pbuHaHcupoeaHusi. ABTOpPbI 3asiBNSIIOT 06 OTCYTCTBUM BHELUHEro (DrHaHCMPOBaHWS NPU NPOBEAEHNUMN UC-
crnegoBaHus.

KoHgbniukm uHmepecos. ABTOpbI AEKNapupyoT OTCYTCTBME SBHbIX Y NOTEHLUMArbHbIX KOH(UKTOB MHTEPECOB, CBS-
3aHHbIX C Nybnukaumnen HacTosiLLen cTaTbi.

Ans yumupoeanusi: bytakosa J1.B., Canera E.O., TpoueHko O.E. AHanu3 umpkynsumm kokcakusupyca A6 B cyObek-
Tax [JanbHeBoCTO4HOro dheaepanbHoro okpyra Poccumckon ®egepaunm B 2014—2019 rogax. XKypHan mukpobuornoauu,
anudemuosnoauu u ummyHobuosnioeuu. 2023;100(5):358-368.
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Analysis of coxsackievirus A6 circulation in the territories
of the Far Eastern Federal district of the Russian Federation
in 2014-2019

Liudmila V. Butakova®, Elena Yu. Sapega, Olga E. Trotsenko

Khabarovsk Research Institute of Epidemiology and Microbiology, Khabarovsk, Russia

Abstract

Introduction. Molecular epidemiological monitoring of enterovirus infection (EVI) in the territories of the Russian
Federation showed that coxsackievirus A6 (CVA-6) had been one of the most prevalent types of enteroviruses
that circulated among the country population during last years and had caused majority of EVI outbreaks.
Objective — to evaluate coxsackievirus A6 circulation in the territories of the Far Eastern Federal district (FEFD)
in 2014—-2019 utilizing methods of molecular genetics.

Materials and methods. RT-PCR was employed to detect enterovirus RNA in biological material collected in 9
territories of the FEFD . In order to establish enterovirus types, amplification of positive samples was carried out to
detect nucleotide sequence fragments of the VP71 and VP2 genes. Molecular genetic analysis of the Far Eastern
CVA-6 strains was based on detection of nucleotide sequences of VP71 and 3Dpol gene fragments. Phylogenetic
trees were constructed by the means of Bayesian phylogenetic methods.

Results. Total 1773 nucleotide sequences of 43 types of non-polio enteroviruses were obtained in 2014-
2019. Majority of the sequences belonged to coxsackievirus A6 (524; 29.5%). In the years of the highest CVA-
6 detection an increase in EVI incidence as well as EVI outbreaks were observed in the territories of FEFD.
The most prevalent manifestations of EVI caused by CVA-6 in FEFD were herpangina and exanthemic forms.
Phylogenetic analysis showed that Far Eastern strains of CVA-6 during in the analyzed period of time belonged
to D3 subgenotype that is dominant in the world. The circulation of several recombinant forms of CVA-6
(RF-A, -H, -L, -N, -R) was also registered.

Conclusion. The genetic diversity of CVA-6 strains circulating in the territories of the FEFD in 2014—2019 re-
vealed in this study requires further investigation in order to obtain new knowledge about the CVA-6 molecular
epidemiology and improve the enterovirus surveillance system.

Keywords: enterovirus infection, enteroviruses, coxsackievirus A6, sequencing, phylogenetic analysis,
recombinant forms
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BeBepeHune

[TaroreHHBIMU [JIs1 YENIOBEKa SIBIAIOTCS Oonee
100 TumoB suTepoBupycoB (OB), oTHOCAIMXCS K BU-
nam Enterovirus A—Enterovirus D pona Enterovirus,
cemelictBa Picornaviridae. Yame Bcero 3HTEpOBU-
pycHas undekuus (OBU) umeer OecCUMITOMHOE HITU
MaJIOBBIPaXKEHHOE TEYEHHE, B TO YK€ BPEMS HM3BECTHBI
6onee 20 KIMHUYECKUX CUHAPOMOB, BbI3bIBaeMbIX JB:
aCeNTHYECKUH MEHHMHTHT, TePIIaHIMHA, BE3UKYIIAPHBINA
CTOMAaTHT C 3K3aHTEMOH, SHIe(aTuT, OCTphIe 3a0oe-
BaHMs JbIXATENbHBIX IIyTEH, OCTPBIA BsUIBIA Iapajiny,
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MUOKApAMUT, TaCTPOIHTEPUT, KOHBIOHKTHBHT, YBEUT,
IJICBPOAMHUS, HEOHATANBHBIN cericuc u ap. [1]. K nau-
Oonee snuaeMuiecku 3HaYUMBbIM popmam DBU moxHO
OTHECTH IHTEPOBUPYCHBIH MEHUHTUT U BE3UKYJAPHBII
CTOMATHT C 9K3aHTEeMOH (00Je3Hb «KHCTh-CTOIA-POTY,
BKCP), T.x. ¢ HUMU CBsi3aHO OOJBIIUHCTBO PErHCTPU-
pyeMbIX B Mupe Bemblmek OBU [2].

BKCP xapaxTepusyercss NOopakeHUEM CIU3UCTON
POTOTJIOTKH, SK3aHTEMOM Ha KOX€ BEPXHUX M HIXKHHX
KOHEYHOCTEH, a Takke OOLIMMH CUMIITOMaMu B BHJE
JMXOpaaKH, O0JM B ropie, Heqomoranus. bonerot mpe-
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UMYyIIeCTBEHHO JeTH A0 10 jer, XoTs ciydau 3abore-
BaHUS PETUCTPUPYIOTCA U Y B3pocibiX. [Ipu Tshxénom
TEUEHHUH y psiJia MallMEeHTOB BO3MOXKHBI pa3BUTHE JHIIE-
¢anuta, OCTPOro BSJIOTO Mapainya, HeHpPOreHHOTO OTE-
Ka JIETKUX, MUOKapIUTa, HACTYIUICHUE cMepTH [ 3, 4].

BeeiBate BKCP moryT 6omee 20 Tunos 9B, cpenu
KOTOPBIX HauOosee 4acTo BIsBIsioT OB A71, kokcaku-
Bupychsl (KB) A16, A6, A10, A2, A4, A9, B2, BS [5-7].
[Tpu stom DB-A71 u KB-A16 10 HegaBHETO BpeMEHH
OBUTH OCHOBHBIMU BO3OYAUTEISIMU KPYITHBIX BCIIBIILIEK
BKCP, ocobenno B crpanax 3amagHo-THXO0KeaHCKOTO
peruona [8, 9]. B yacTHOCTH, MHOXKECTBO CIy4acB JaH-
HOTO 3a00JIeBaHUA C TSHKENBIMU OCIOXHEHHUSMH U BBI-
COKMUM YPOBHEM JIETaIbHOCTH 3a()MKCUPOBAaHO Ha Tep-
putopun MarepukoBoro Kuras [10, 11]. Onnako nocne
Berbilikd BKCP B 2008 . B ®uHIAHAUMN HOBBIN I'eHe-
Ttudeckuit Bapuant KB-A6 pacnpocTpaHuics 1o Bcemy
MHUpY, CTaB OAHMM U3 BEAYIIHUX [aTOI€HOB MPH MOCIEA0-
BaBiyx Benblmkax BKCP B pasHbix cTpanax [12].

XapakrepHasi MOp(OJIOTHS M JOKAIU3ALUS CHIITN
npu BKCP noapo6no onucanst B 1958 1. [13]. B omm-
yne ot apyrux OB — Bo3Oyaureneir BKCP, KB-A6 qa-
CTO BbI3BIBAaCT OoJiee THKENBIC U OOIIMPHBIC, HEPEIKO
00J1e3HEHHBIE OPAKEHUSI KOXKHBIX MOKPOBOB. DK3aH-
TeMa y TIallMeHTOB MOXKET OBITh HE TOIBKO MaKyJIOMaIy-
NE3HOM WK BE3UKYIIE3HOM, HO TAKXKe B BHJIE OyJUI, 3pO-
3Ui, 3B, FEMOPPAruii, UMUTUPYsI HEKOTOPBIE 1epMaTo-
Joruyeckue 3abosieBaHus (MyJAbTH(QOPMHAs dpUTEMa,
cunapom CrtuBeHca—/[>koHcoHa, cuHApoM JI>KaHOTTH—
Kpoctr). ¥V nun, cTpajalommx aTOMMYECKUM AepMa-
TUTOM, HaOJIOANNCh TepIeCONoA00HbIe BHICHIIAHNS,
MOJY4YUBIINE Ha3BaHUE eczema coxsackium [14-16].
PacnpoctpanéunbiM nposienenneM KB-A6-undexunn
sIBIIsieTCS oHuxoMazesuc [17].

ITocTosiHHBIN ~ MOJIEKYJISIPHO-3IUIEMHUOIOTNYE-
ckuii MmonutopuHr 3a OBU B cyObekrax Poccuiickoit
Oenepanuu nokaszan, uto KB-A6 B Teuenue psga et
OBLT OTHUM W3 JTOMMHHUPYIOUIMX TUIOB OB, mupkynu-
POBABILUX CPEAM HACETEHMs CTPAHBl, U B OTAEIbHbBIE
roJlbl IETEPMUHUPOBAJ OOJBIIMHCTBO Bemblek JBU.
Tak, B 2014 1. KB-A6 unenrudunuposan donee yem B
60% S3THOJIOTHYECKU PacCIIM(pPOBAHHBIX OYaroB rpyIi-
moBoit 3aboneBaemoctu DBU, a B 2017 . — B 42 oua-
rax [18, 19]. Kpome Toro, B 2017 I. cpenu poCCHICKUX
rpaxkiaH, HaXOJMBIUMXCA Ha oTnbixe B Typuuu, Brer-
Hame, TyHHCe, OTMEUEHBI CIy4au SK3aHTEMHBIX (HopM
OBMU, B Tom uncie BKCP, o6ycnoenenusix KB-A6 [20].

Henp HacTOAIIErO HCCIEAOBaHUS — IPOBECTH
aHanu3 uupkymsinun KB-A6 B cyOwsexrax [lanbHeBo-
cTtouHoro QenepanbHoro okpyra (JPO) ¢ 2014 mo
2019 r. ¢ ucnoNB30BaHUEM MOJEKYIIPHO-TEHETHYe-
CKHX METOJIOB.

MaTepman bl N meToAbl

s ananu3za 3a6oneBaemoct DBU B cyObekTax
J@DO B 20142019 rr. Hcmonb30BaHbl JaHHBIC (HOpPM
rOCYIapCTBEHHOTO CTaTUCTUYECKOro HaOmoneHus Ne 1
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u Ne 2 «Ceznenust 00 MHQEKIMOHHBIX U Tapa3uTapHbIX
3a0oeBaHuax», Ne 23—09 «CBeneHus 0 BCIBIIIKAX HH-
(heKIMOHHBIX 3a00J1€BaHMIT», MaTepHaIbl YIIPaBICHUH
PocnorpebHanzopa u LleHTpoB TUrHEHBI U SMTUAEMHUO-
noruu cyobekroB 1DO.

Buonoruyeckuii Marepuan (¢pexaabHble CyCIeH-
3UH, HOCOIJIOTOYHBIE Ma3KH U CMBIBBI, JINKBOP, CMBIBBI
13 BE3UKYJ OT JIUII ¢ ofo3peHneM Ha OBU; KynbTypbl
KJIETOK; 00pa3ibl U3 OOBEKTOB OKpYXKaloIIeld cpesibl)
IUISL UCCIIEIOBAHUSI MOJICKYIAPHO-TEHETHUECKUMH Me-
togamu ¢ 2014 no 2019 r. nocryman B 1abopaTopuro
JlaIbHEBOCTOUHOTO PErMOHAILHOTO HAay4YHO-METONU-
Yyeckoro neHtpa mno msydeHuro DBU Xabaposckoro
HWU snuaemuonorun 1 Mukpoduosiorun Pocmorpeo-
Haazopa u3 9 cyonekroB ADO: Xabaposckuii, [Ipu-
Mopckuid, Kamuarckuii kpas, CaxanuHckas, AMypckas,
Marananckast obnactu, EBpeiickasi aBToHOMHasi 00-
nacts (EAO), Pecniyonuka Caxa (Skytus), UykoTckuit
aBroHOMHBIN OKpyT (YAO). IIpoTokon uccienoBaHUs
07100peH DtudeckuMm komuteToM Xabaposckoro HUUN
SMUIEMHOJIOTHH U MUKpoOuosoruu (mpotokon Ne 2 ot
14.01.2014).

PHK 5B B o0pa3uax ompeaemnsyii METOIOM II0-
auMepazHoit uenHod peakuun (ITLP) ¢ oOparHoit
TPAaHCKPHUITKEH C MOMOLIbI0 HabOpa pearecHToB «AM-
mwinCenc Enterovirus-FL» (IIHWUM 3Snupemuonoruu
PocnorpebHanzopa). s MoJI0KUTENBHBIX 00pa3LoB
JOTOJHUTENBHO TMPOBOAWIN OOpaTHYIO TPaHCKPHII-
LUI0 C MCIOJb30BaHMEM Habopa peareHToB «Pesep-
ta L» (HHUW Snunemuonorun Pocmorpebuanzopa)
quist onmydyenus u3 PHK kJIHK, HeoOxoqumoii B kave-
crBe Martpuubl. {18 amMmiu@uKanuy HCIOIb3YEMBIX
U THIMUpOBaHUs OB KOPOTKHX (parMeHTOB T€HOB
VPI u VP2 npuMeHsIN paHee MpeJIoKEeHHbIE paiime-
pel 1 nporpaMmsl [21, 22]. Tlomy4yuBiInecs: mpomgyKThI
[P anamu3upoBany C MOMOIIBIO IEKTpodope3a B
2% arapo3HOM Tejie, OKPAaIIeHHOM OpOMUJIOM 3THJIUS.
Hanee nposonunu ounctky [II{P-aMIIIMKOHOB peareH-
tamu «QIAGEN» u «/Ilua-M», MeueHHe aMIDIMKOHOB
¢ nomompio Habopa «BigDye Terminator v. 3.1 Cycle
Sequencing Kit» («Thermo Fisher Scientificy). Ouniua-
JM TPOAYKTHI CEKBEHUPYIOIIEH Peakuy U MPOBOAWIN
CEKBEHHPOBAaHME Ha AaBTOMATHUYECKOM T'€HETHYECKOM
ananmusarope «ABI 3500 Genetic Analyzer» («Applied
Biosystems»). Tun OB ycranaBnuBanu, cpaBHUBas MO-
Jy4eHHbIE HYKJICOTHIHBIE TOCIIEI0BATEIBLHOCTH C pede-
PEHCHBIMHU, [IPEICTaBICHHBIMU B Oa3e faHHbIX GenBank,
Ipu IoMoIIM nouckosoro ainroputma BLAST.

s MOJeKyIIpHO-TeHETUUECKOTO aHaIn3a Jaib-
HeBocTOuHbIX KB-A6 ¢ momomipio map mpaitmMepoB
2347s/3326a n 2407s/3296a nommyueHsl 78 HyKJICOTHI-
HBIX TIOCJIEIOBATENFHOCTEH (parMeHTa KarCHIHOTO
oenka VP1 mnuHO#M 774 HYKJICOTHIHBIX OCHOBAHHS
(1.0.) [23]. B pe3ynbrare aHamu3a MOJHOTCHOMHBIX
nocnenoBatensHocTeit KB-A6, mpencraBieHHBIX B
GenBank, 6butn momoOpaHbl paiMeps! it amIIudu-
Kanuu ¢pparMenra rema nosmmepassl 3Dpol (753 H.0.).
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OPUTVHANbHbBIE NCCJTIEAOBAHNA

Hns  ¢dopmupoBanuss BBIOOPKH pedepeHCHBIX
cukBeHcoB n3 GenBank ObuiM B3SITBI OCTYNHBIE Ha
MOMEHT TpoBeAieHus uccienoanus (okTsiops 2022 1)
3142 HyKICOTHIHBIC TOCIEIOBATEILHOCTH TeHa VPI
mHOM 915 H.0. 1 737 HOJHOIreHOMHBIX MOCJIEIOBA-
tenpHOCTEN KB-A6. Ilocne mpoBeneHus BHIpaBHUBA-
Husa B «BioEdit v. 7.2.5» OBUIM UCKIIOYEHBI [IOCIIENO-
BaTEJIbHOCTH, UMEIOIINE OIIMOKYA CEKBEHHUPOBAaHUS U
OTJIIMYAOIINECS IPYT OT Apyra MeHee yeM Ha 5%, Kak
pexoMmenayercs B myOnukanuu [24].

IocTpoeHne (QUIOTCHETUYESCKUX JEPEBbEB IMPO-
BOJIMJIM C UCHOJBb30BaHWEM baliecoBbix ¢(unoreneru-
YECKUX METONIOB, IPEJCTABICHHBIX B MPOTrPaMMHOM
obecneuenun «BEAST v. 1.8.4». Cratucruueckas Io-
CTOBEPHOCTh (DUIIOTEHETUYECKOTO JICPEeBa TOITBEPIKIC-
Ha B nporpamme «Tracer v. 1.6» (3¢ dekTuBHBIH pazmep
BeIOOpKH Oonee 200). CymmupoBaHue BEIOOpKH (uitore-
HETHUYECKUX JiepeBbeB, co3nanHod «BEAST v. 1.8.4», B
JIEPEBO C MAaKCUMAJIBHBIM JIOBEPUEM K KJIa/1aM OCYIIIECT-
BIISLIH ¢ TIoMOIIbI0 « TreeAnnotator v. 1.8.4» ¢ manbHER-
mieit Buzyanusanuei B nporpamme «FigTree v. 1.4.4».

Pesynbratbl

Bcero 3a 2014-2019 rr. uccnenosanst 3737 00-
pasuoB OMONOrMYECKOro Marepuana u3 9 cyObeKTOB
ADO. Meronom cexBeHupoBaHusi mno CoHrepy Io-
JmydeHbl 1773 HYKJICOTHUAHBIX MOCIEIOBATCILHOCTH
HENOJIHMOMHUENUTHBIX OB 43 Tumnos, npu 3ToM 0061b-
masi 4acTh CHKBEHCOB mpuHajiexana KB-A6 (524;
29,5 £ 1,1%). B ocHoBHoM KB-A6 onpenensuin u3
npo0, coOpaHHbIX OT Jsrofed. [lpu uccnemoBanuu
MOJIOKUTEIBHBIX 00pa3ioB (n = 85) u3 00OBEKTOB
okpyxarotieit cpensl KB-A6 ycTaHOBIEH TONBKO B 2
ciydasx. BeposiTHO, 3T0 OBUIO CBSI3aHO KaK C HEAO-
CTaTKaMU OpraHU3alMi NPOBEJICHUS MOHUTOPUHTA
3a UUPKYISIUEH TOJMO- U HETOIUOMUETUTHRIX OB B
00BEKTax OKpY>KalowIei cpeibl B HEKOTOPBIX CYOBbeK-
Tax OKpyra, 4To IMPUBEJIO B IIEJIOM K HU3KOMY YPOBHIO
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BbIsIBJICHUS: DB B cTouHOM Bojie ¢ moMoibio IT11P, Tak
u co cnaboil naentudukanueil npencrasureneii KB
TpyNIbl A TPU UCTIONB30BAHUHU KIACCHYECKOTO BUPY-
coJioTU4ecKoro meroaa [25].

C2014 1o 2016 . KB-A6 BBIABISUIN Yallle APYyTUX
9B B nenom no DO (ot 19,6 1o 34,0% ot oOuiero
KoJIM4YecTBa HenoiauomuenuTHelx OB), B 2017 1. nune-
pom 1o uucny oonapyxxenuid 6611 KB-A10 (31,3%), B
2018 . — ECHO 6 (23,8%), B 2019 r. cHOBa OTMEYEHO
npeobnananue KB-A6 (puc. 1).

Ha npotsbxeHun Bcero aHanu3upyemMoro mnepu-
ona KB-A6 exeromHo uaeHtuduuupoBanu B obpas-
1ax, HampaBiIsgeMbIX Ha HCCleqoBaHuEe u3 XabapoB-
ckoro kpast u EAO. B ocranpabix cyobekrax DO
Ha0JII0JaN0Ch HEPaBHOMEPHOE BBIACICHHE JaHHOTO
9B (Tada. 1). [Ipu 3TOM HeIb3s yBEPEHHO TOBOPUTH O
ToM, 4T0 KB-A6 coBceM He IUPKyIupoOBai Cpeau Ha-
CeJICHHUs ITHX TeppuTopuii. K BEposATHBIM mpuunHam
TaKuX «IIpoBasioB» B oOHapyxxeHuH KB-A6 moxHO
OTHECTH:

* Majoe KOJIMYECTBO MPOO OMOJOTHYECKOro Ma-

Tepuana, MOCTYNaBUINX B PErMOHATBHBIN IIGHTP
JUTSL MOJIEKYJISIPHOTO THUITUPOBAHUS 13 CyObEKTOB
B OTJICJIbHBIE TOJIbI INOO BOBCE MX OTCYTCTBHE,
YTO, B CBOIO OUEPEb, IOBIHUIIO U Ha ONpeere-
HUE CIEKTpa JPYTrHX HEeMOJIHOMUETUTHBIX DB;

* HEJOCTAaTOYHYIO TMAarHOCTHKY M PErucTpanuio

ciayuyaeB OBU;

* OUPKYJALWIO BapUaHTOB BUpPYca, K KOTOPBIM

MUMEETCS KOJUIEKTUBHBII HMMYHHTET;

* reorpaduueckoe TOJIOKECHUE, KIMMAaTHYECKHE
U DKOHOMHYECKHE OCOOEHHOCTH HEKOTOPBIX
cyosekroB JIDO, onpeaensioniye MHTCHCHB-
HOCTb BHEITHUX U BHYTPEHHHX MHIPALIMOHHBIX
MOTOKOB, CIIOCOOCTBYIOLIMX PaclpoCTPaHEHHIO
BHUPYCOB.

Tem He MeHee B romsl HauOOMNbIIETO OOHApYyXe-
Husi KB-A6 B cyObekrax JIPO Takke perucTpupona-

mmm [1pyrne HM3B | Other NPEV ~ ==@==KB A6 | CVA-6

48,1%

15,0%

0

2014 2015 2016

2017 2018 2019

Puc. 1. InHamuka o6HapyxeHus KB-A6 B PO B 2014—-2019 rT.
Fig. 1. Dynamics of coxsackievirus A6 detection in the Far Eastern Federal District in 2014—2019.
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Tabnuua 1. BoiseneHne KB-A6 B cybbektax PO B 2014-2019 rr.
Table 1. Detection of coxsackievirus A6 in the territories of the Far Eastern Federal District in 2014—-2019

Cy6bekTbl PO

KonunuyecTtBo BbisiBNeHHbIX KB-A6
Number of detected CVA-6

Bcero KB-A6/
HenonMoMmenuTHeix OB

Federal subjects of the FEFD

2014 | 2015 | 2016 | 2017 | 2018 | 2019

Total CVA-6/Total NPEV

Xabaposckui kpan | Khabarovsk Krai 26 57
EAO | Jewish Autonomous Region 2 35
Amypckasi obnactb | Amur Region - 6

Mpumopcknin kpan | Primorsky Krai - -

CaxanuHckas obnactb | Sakhalin Region 2 6
Pecny6nvka Caxa (AkyTtus) 23 -
The Republic of Sakha (Yakutia)

MarapaHckas obnacte | Magadan Region - -
Kamuatckui kpan | Kamchatka Krai 2 -

YAO | Chukotka Autonomous Okrug - -

1" 10 12 73 189/652
4 1 2 14 58/270
6 13 7 39/93

2 2 82 93/257

28 9 - 8 53/174
1 9 5 5 43/198
23 - - - 23/69
- 10 — 2 14/45
- 12 - - 12/15

JINCH TIOABEMBI 3a0omeBaemoct DBU, uto mo3BomsieT
MIPEATIONOKUT MOSABIEHHE HOBBIX BapraHToB KB-A6 Ha
TEPPUTOPHH OKPYyTa C BOBJICUCHHEM B SIUICMUYCCKUN
mporecc HemMMyHHoro HaceneHus. Tak, B 2014 . B Pe-
cybmuke Caxa (SIkytus) HaOmonancst pocT 3aboneBae-
Moctu OBU 1o cpaBHEHHIO ¢ MPEABLTYIIUM I'oJoM B 2,4
paza (2013 . — 8,7 na 100 ToIc. Hacenenwus; 2014 . —
21,1 ma 100 teIC. Hacenenus). B 2015 1. Temmnbl npupo-
cra 3aboneBaemoctu DBU B Xabaposckom kpae (105,9
Ha 100 teic. Hacenenus) u EAO (64,1 na 100 ThIC. Hace-
neHus1) otHocuTenbHo 2014 1. coctaBunu 35,4 u 67,8%
coorBeTcTBeHHO. B Caxanunckoii oonactu B 2016 r. 3a-
ooneBaemocts OBU Bripocna B 4,5 paza (B 2015 . —
22,7 ma 100 Teic. Hacenenus; B 2016 . — 103,0 nHa
100 ThIC. HaceneHus), a B Maraganckoi o0J1acT — B
2,0 pa3a (B 2015 r. — 15,9 Ha 100 TBIC. HaceneHus; B
2016 . — 31,7 na 100 TeIc. Hacenenus). B 2017 r. yBe-
nmuueHue 3aboneBaemoctu DBU B 2,6 paza oTMeueHO B
Kamuarckom kpae (B 2016 . — 8,8 Ha 100 THIC. Hacene-
Hus; B 2017 r. — 23,2 na 100 toIic. Hacenenus). Kpome
toro, untponaykuus B 2017 . KB-A6 Ha Tepputopuio
YAO, rzae panee He ObUIO peructpanuu ciydaes IBU,
npuBesa K GOPMUPOBAHUIO OYara BCIBIIICUHON 3a00-
neBaemoctu. B Amypckoit obnactu B 2018 1. Temn npu-
pocta OBU coctaBun 40,5% (8 2017 . — 14,8 na 100
ThIC. HaceneHus, B 2018 r. — 20,8 na 100 THIC. Hace-
nenust). B 2019 r. poct 3a6oneBaemocti DBU Habmio-
nancs B 3,8 pasza B [Ipumopckom kpae (B 2018 . — 7,5
Ha 100 Teic. Hacenenus; B 2019 . — 28,7 Ha 100 ThIC.
Hacenenus), a B EAO (B 2018 . — 27,8 na 100 ThIC.
Hacenenus; B 2019 . — 58,7 na 100 ThIC. HaceneHUs) 1
Xabaposckom kpae (B 2018 r. — 58,6 na 100 ThIc. Ha-
cenenusi; B 2019 . — 62,1 ma 100 ThIC. HaceneHus) —
B 2,1 u 1,1 paza COOTBETCTBEHHO.

Kpowme toro, 8 2014-2019 rr. B DO 3apeructpu-
poBaHbl 15 oyaroB rpynmnoBo# 3aboieBaemoctu DBU,
BbI3BaHHBIX KB-A6, cpenu merel JOLIKOIBLHOTO BO3-
pacra:

» B XabapoBckoM kpae B 2015-2016, 2019 r. —
7 ouaroB, 89 mocTpagaBUINX C KIUHUYCCKUMHU
MPOSIBICHUSIMU B BHJE TEpIAHTUHBI, DK3aHTe-
mbl, BKCP;

* B Amypckoii obmactu B 2016 u 2018 . —

3 ouara, 25 mOCTpaAaBIINX C KIUHUYCCKUMHU
npossinenusmu B Buge bBKCP, sk3antemsl, kata-
payibHOH (OPMBI;

* B CaxanuHckoii obmactn B 20162017 rr. —

2 ouara, 15 moctpagaBmux 15 ¢ KIMHUYECKUMHU
npossrnenusmu B Buse bKCP, skzanTemsl, repi-
AQHTUHBI;

* BYAO B 2017 . — 1 ouar, 18 mocTpagaBimux ¢

kunuko BKCP;

* B [Ipumopckom kpae B 2019 . — 2 ouara, 19 no-

CTpaJIaBUINX, C KIMHUYECKUMH MPOSBICHUSIMU
B BUJIC DK3aHTEMBI.

B 2 cyobekrax JJDPO BoIsSBICHBI BEPOSITHBIE 3aBO3-
ueie ciryuan DBU B popme BKCP, BeizBannbsie KB-A6.
B XabaposckoM kpae B 2015 1. uHdekuus ooHapyxeHa
y 2 pereidl U3 ofHOI ceMbu, npuOkIBIIEH U3 Mranuu,
B 2019 . — y nmoOsiBaBiIero B Taunanme B3poCIioro.
B Amypckoit obnmactu 3 roga moxpsn (c 2016 mo
2018 r.) perucTpupoBaINCh BHYTPUCEMENHBIE CITyyau
OBMU, pasBuBLiciics B Onukaiiiiee BpeMs MOCIE BO3-
BpallleHUs U3 MyTelIecTBUS BO BreTHaMm.

B menom cpenu 3aboneBmmx 3BU, y kxotopbix
uaentuduuuposan KB-A6, npeobnananu numa myx-
ckoro mona (62,4%), 4TO CONOCTaBUMO C JaHHBIMH
IpyTux uccienonareneil [26]. B Bo3pacTHO CTpyKTY-
pe manuenToB ¢ BeisiBIeHHBIM KB-A6 netu 10 3 ner co-
craBmwin 60,0%, 3—6 ner — 29,2%, 7-14 ner — 6,8%,
muua crapuie 18 ner — 4,0%. He Bcerna B HanpasneHu-
sIX Ha MCCclienoBaHue ObUIM yka3aHbl Gopmbel OBU, ox-
HaKO CPeAU YCTaHOBJICHHBIX KIMHUYECKUX MPOSBICHUN
KB-A6-undekuun (226 uvenosek) y Hacenenus PO
yarie BcTpedanuch reprnanruna (41,2%) u sx3anTeMHbIe
(exmouas BKCP) dopmer (36,3%). Takke OTMEUECHBI
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karapanbHast (15,5%) u xuiieanas dopmsi (7,0%). He-
TUIWYHBIA XapaKTep SK3aHTEeMbl HaOMoaacs y mocrpa-
nmaBmuX u3 Benelmeanoro ogara OBU B HAO B 2017 1,
e, MOMUMO MaKyJIONaIyle3HbIX BBICHIIAHUH, Y neTeit
BBISIBJIEHBI FEMOPPAruyecKue 3JIeMEHTHI.

DUIOTEHETUYECKUI aHaIU3 HYKJICOTUIAHBIX MO-
cienoBarenbHOCTell (pparmenta rena VPI (n = 78)
MoKasai, 4to Bce nupkynuposasime B JIPO B 2014—
2019 rr. KB-A6 Bonuiu B 0fiHy OOJBIIYIO TPYIILy BMe-
CTE CO IITaMMaMHU, BBISIBIEHHBIMU B 3allaJHbIX PEruo-
Hax Poccun, ctpanax EBponsl u Aznarcko-TuxookeaH-
CKOTO pervoHa (puc. 2).

B nacrosimee BpeMmsi psin 3apyOeKHBIX aBTOPOB
npujepxuBaercst pasaeneHus mraMMmoB KB-A6 nHa
rerorpymnmel A, B, C, D, E Ha ocHoBe ¢unoreneru-
YEeCKOTr0 aHaju3a MOJHBIX HYKJIEOTHIHBIX MOCIIE0Ba-
tenpHOCTEH reHa VPI (915 u.0.). Ilpu 3ToM paznuyne
MEX]ly OCJIEI0BATEIbHOCTAMH, OTHOCSIIIMMUCS K pa3-
HBIM T€HOTpyInaMm, coctanisieT He MeHee 15%. B cBoro
odepenb cpely reHorpynmnsl D BBIAETSAIOT CyOreHOTH-
el D1-D3. K mio6ajibHO IOMUHUPYIOIIEMY CyOreHO-
tunty D3 npunaanexar mrammsl KB-A6, oTBeTCTBEH-
HbIe 32 OonbIMHCTBO Benbiiek BKCP Bo BcéM Mupe
3a mocneanue 15 ner [27-29]. OcHOBBIBasCh Ha ATOU
KJIAaCCU(UKAIIMH, JaIbHEBOCTOUHbIe mTamMMbl KB-A6
2014-2019 rr. Takke oTHOCSATCS K cyOrenorumy D3.

Pacuer p-pucraHumii JUIs HyKICOTUIHBIX IOCIIE-
JoBarenbHocTel parmenta rena VPI (774 H.0.), nony-
YEHHBIX B XOZI€ HAILIETO MUCCIIEOBAaHNA U B3STHIX B Kaue-
ctBe pedepercHbIx n3 GenBank, nmokasain, 4to cpeanee
paccrosiHre Mexnay reHorpynnamu KB-A6 cocrasuio
17,1%, Mexxay cyoreHoTunamu reHorpynmst D — 9,6%.

C nomoupto baiiecoBckoro KoanecHeHTHOIO
aHaJM3a YCTaHOBJICHO, YTO CaMblii HEJaBHUM 0OIIUit
npenok st KB-A6 cymectBoBan 77 net Hazan (95%
AN 70-88 mer). CpenHsisi CKOPOCTh HAKOIUICHHUS 3a-
MeH coctaBuia 4,97 x 107 3amen/caiit/ron (95% U
4,84-5,11 x 107 3amen/caiT/rom), 4T0 CXOAHO C APY-
rumu padaeive: 4,2 X 1073 (95% U 2,8-5,8) 3amen/
caiit/rox [23] u 4,71 x 107 (95% AU 4,04-5,46) 3a-
MeH/caitr/rox [30].

BuyTtpu reorpaduuecku pasHooOpazHoro cyo-
renotunia D3 nmanpHeBocTOouHBle KB-A6 oOKa3aanchk

Puc. 2. dunoreHeTnyeckoe AepeBO C MakcUMarbHbIM JOBEPUEM K KnaaaMm, no-
CTPOEHHOE Ha OCHOBaHMM aHanu3a parmeHToB kancugHoro 6enka VP1 KB-A6
(774 H.0.).

YépHbIM LIBETOM BblAeneHbl AanbHEBOCTOYHbIE WTaMmMbl KB-AB: KHV — XabapoBsckuii
kpait; JAR — EAO; AMUR — Amypckasi obnactb; PRIM — Mpumopckuin kpan; YKT — Pe-
cny6bnvka Caxa (AkyTus);

SAH — CaxanwuHckast obnactb; KAM — Kamyatckuii kpail; MGD — MaragaHckas obnacTb;
CHAO — YAO.

Fig. 2. The MCC phylogenetic tree constructed based on partial VP1 sequences
of coxsackievirus A6 (774 b.p.).

Far Eastern CVA-6 strains are highlighted in black color: KHV — Khabarovsk Krai;
JAR — Jewish Autonomous Region; AMUR — Amur Region; PRIM — Primorsky Krai;
YKT — Yakutia; SAH — Sakhalin Region; KAM — Kamchatka Krai; MGD — Magadan

Region; CHAO — Chukotka Autonomous Okrug.
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pasdeneHsl Ha TPU MOATPYIIBI, MPH 3TOM OTIWYHE
MEXJy HITaMMaMH Pa3HbIX MOATPYI COCTAaBWIO B
cpeaaeM 7,2%.

BonbmMHCTBO MONy4YeHHBIX HaMH AJsl (usore-
Hetndeckoro aHanuza KB-A6 (rn = 38; 48,7%) Bouum
B noArpynmy D3.3 u B OCHOBHOM TIpyNIIUpOBAIIICH CO
ImTamMMaMu, BeleiacHHEIMA B Kurtae, BrerHame, Slo-
Hun. Cxopee Bcero, mrammbl D3.3 mpousonuu ot
KB-A6, nupkynupoBasuux Ha TaiBane B 2009-2010 .,
¥ uMenu oomiero npeaka npumepHo B 2008 . (95% AU
2008-2009). JanpueBocTounbie mrTammsl D3.3 unenTtu-
¢unupoBansl B 8§ cyobekrax (uckmouenne — YAO) u
OTIpeieNiCHb! B TEUEHUE BCETO aHAIM3UPYEMOT0 Neproaa
B 1iesioM 1o JJPO.

Bo Bropoit noarpynne, D3.2, naasHEeBOCTOYHbBIE
KB-A6 (n=22; 28,2%) Obliiit HanboJ1ee TECHO CBSI3aHbI
¢ BHpycamH, oOHapyXeHHbIMH BO DpaHIUH, APYTHX
peruonax Poccun, Kutae, Slnonuu. BepostHeiM Bpe-
MEHEM CYIIECTBOBaHMS MOCJIEIHEro OOLIero mpeaka
Jutst BTopoil moAarpynmsl onpeaenés 2006 r. (95% AU
2005-2007). Bupycsl cyoknaast D3.2 BhIsBIEHEI B pa3-
HBIX cyOopekTax DO ¢ 2015 mo 2019 1.

KB-A6 monrpymmer D3.1 (n = 18; 23,1%) no-
CTOBEPHO KJIACTEPU30BAIUCH C (HPaHIy3CKMMH U pOC-
CHICKUMHU IITaMMaMd ¥ OBbUIM WAESHTU(QHULUPOBAHEI
B 5 cyObekrax (XaOapockuii u I[Ipumopckuii Kpas,
EAO, Caxanunckas u Amypckas obmactu) c¢ 2014
10 2017 . u B 2019 . O6wmwmii npenok 1t D3.1 uupkynu-
posau nmpubnuzutensHo B 2005 1. (95% AU 2005-2007).

CexkBEeHMpPOBAHHBI HAMHM apXWUBHBIM  HM30JAT
KB-A6 (7224 KHV_2010) u3 XabapoBckoro Kpas
2010 r. Ha ¢uIorpaMme CrpynmupoBalICs CO IITaMMa-
MU, BXOISIIMMH B cybrenorun D2 (Ha puc. 2 He mo-
ka3zaH). YuutsiBas, uto ¢ 2014 r. KB-A6 cyorenoruna
D2 na Jlansaem BocToke He BBISIBICHBI, MOXKHO JOITY-
CTHTBh, YTO CMEHa CYOTCHOTUIIOB IMPOM30LLIA MEXIY
2010 u 2014 rr.

[peanoxennas anst OB nuddepeHunanus pe-
koMOuHaHTHBIX (hopm ECHO30 (E30) ucnone3yercs u
st KB-A6 [31]. Ha ocHOBaHMH (PHIIOTEHETUYECKOTO
aHain3a HyKJICOTHIHBIX MOCIenoBaTeIbHOCTEN (par-
meHTa reHa 3Dpol (753 u.0.) KB-A6, nupkynupoBas-
mme B 2014-2019 rr. B cyobekrax PO, oTHECEHBI K
5 pexomOuHanTHEIM opmam: A, H, L, N u R (puc. 3).
BonbIIMHCTBO MOTY4YEHHBIX HAMH CUKBEHCOB COCTaBH-
710 pekoMOMHaHTHY0 hopmy A (67,9%), Bropoii o va-
CTOTE OKa3zayach pekomOuHantHas Gopma H (23,1%).
IHramm 7224 KHV_ 2010 knactepu3oBaics co MITaM-
MaMH peKOMOMHAHTHOU (opmbl E.

Cpenun nanpbHEBOCTOUHBIX mTamMMOB KB-A6, ot-
HOCSINUXCS K peodnanatonieit noarpynne D3.3, unen-
TuuurpoBanbl 3 pexomOuHanTHBIE (opmbl. KB-A6
Bapuanta D3.3/A (n = 34) coxpaHuiu Ty e KJ1acTepH-
3allMI0, YTO U Ha (PUIIOTCHETHYCCKOM JiepeBe VP1, BbI-
aeieHsl B 2014 . B XabapoBckoM Kpae, CaxaarMHCKON
obnactu u Pecnyonuke Caxa (SIkytus); B 2015 . — B
CaxanuHckoit oonactu; B 2016 . — B XabapoBCKOM U
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[Mpumopckom kpasix, AMypckoid u CaxanuHckol o0a-
ctx; B 2017 . — B Xabaposckom kpae, [Ipumopne u
EAOQO; B 2018 . — B XabaposckoM u [Ipumopckom kpa-
six, AMypckoii obnactu u Pecniyonuke Caxa (SkyTtus); B
2019 r. — B XabaposckoM, [Ipumopckom, Kamuarckom
kpasx, EAO, Amypckoii n CaxanuHckoi obnactsix, Pe-
cyonuke Caxa (Skytust). KB-A6 Bapuanra D3.3/L 06-
HapyxkeHbl B 2016 1. B [Ipumopckom kpae u Maragas-
ckoit oomactu, D3.3/R — B 2017 . B Kamuarckom kpae.

Tononorus KB-A6 u3 noarpynmnet D3.2 Ha nepese
JUIS TIoclieioBarenbHoCTer 3Dpol omnyaercs OT Tako-
Boit B VPI, nBe pexomOunanTaeie Gopmbl D3.2 (H u
N) chopmupoBanu ob6ocobneHHbie Kiactepsl. KB-A6
Bapuanta D3.2/H (n = 18) B 2014-2015 rr. HE BBIsB-
nensl; B 2016 . uupkynuposanu B [Ipumopckom kpae,
Marananckoit obnactu u Pecniyonuke Caxa (SIkyTus);
B 2017 . — B Amypckoii obnactu, Pecnyonuke Caxa
(SxyTus), Kamuarckom kpae u HAO; B 2018 . — B Xa-
6aposckom, [Ipumopckom kpasix u EAO; B 2019 . —
B Pecnybnuke Caxa (Sxytusa), EAO u Amypckoii 00-
nactsx. Bapuant D3.2/N o6Hapyxen B [Ipumopckom
kpae B 2017 . u CaxanuHckoii oonactu B 2019 . /IBa
mramma D3.2/A u3 Xabaporckoro kpas (2015 1) u
Awmypckoii obnactu (2018 1) crpynnupoBaauch Ha je-
peBe 3Dpol BmMecte co mramMamu D3.3/A.

HecootBeTcTBrE (HUITOTCHETHYECKOM TPyIIIUPOB-
Kku mocnenosarenbHocTeld 3Dpol KB-A6 BapuaHTOB
D3.2/A, D3.2/H, D3.3/L, D3.2/N u D3.3/L no cpaBHe-
Huto ¢ VP] yka3pIBaeT Ha TO, YTO 3TH IITAMMbI BO3HHUK-
JIM BCIICICTBUE COOBITHI pekomOuHaiuu [32, 33].

Bce 18 mrammos KB-A6 noarpynmer D3.1 otHo-
ciTCsl K peKOMOMHAHTHOU (opMe A ¥ TakxkKe 3aHsUTH TO
e TI0JIoKEeHue, 4To U Ha fepee VPI. Bapuant KB-A6
D3.1/A ne unentudunmposan B Pecriyonuke Caxa (Sky-
Tusi), Marananckoli oonactu, Kamuarckom kpae u UAO.

CrnenyeT OTMETUTbD, YTO B OJHOM U TOM K€ CyOb-
€KTe MOIVIM OTHOBPEMEHHO LIMPKYJIUPOBATh pa3HbIC Ba-
puantel KB-A6. HanbGonbiiee paznooOpasue BbISBIIC-
Ho B [Ipumopckom kpae B 2016 1. (4 BapuanTa: D3.3/A,
D3.3/L, D3.2/H u D3.1/A) u 8 EAO B 2019 r. (3 Bapu-
anra: D3.3/A, D3.2/H u D3.1/A).

O6cyxpeHne

[IpoBenénHoe HamMu HCCIIEIOBaHUE MOKA3alo re-
HeTH4YecKoe pazHooOpasue nonyisinuu KB-A6 B cyOb-
ekrax JI®O B 2014-2019 rr. ITocme 2008 . KB-A6
nocrernenHo BeiTecHns OB A71 u KB-A16 ¢ no3uiun
JIOMUHUPYIOIIUX BO30yauTeneii npu Benbikax BKCP.
[Ipouzomenmas ¢ xoua 2012 r. cMeHa TOMUHUPYIO-
mero cyoreHoruna KB-6, oTMeueHHass B HECKOJIBKUX
peruonax marepukoBoro Kuras, nprsesna Kk 3HaUnTENb-
HOMY POCTY 3a00JIeBa€MOCTH M YBEIMYCHHUIO YHUCIIA
Benbimek bKCP [34, 35]. Hanuune npoTskéHHOM Cy-
xonyTHoM (mpoxoaut uepe3 4 cyonekra JdO: Xaba-
poBckuit kpaii, EAO u Amypckas obnactu, [Ipumop-
CKHUH Kpaif) 1 BOTHOM pOCCUNHCKO-KUTANHCKON IpaHMLIbI,
o0ecreunBaroIeii TeCHbIE COIIMAIbHO-9KOHOMHYECKHUE
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U TypUCTHUYECKHE CBSI3U MEXIY TOoCylapcTBaMH, He-
COMHEHHO CHOCOOCTBOBAJIO PACHPOCTPAHEHUIO CyOre-
votuna D3 KB-A6 na [lansaem Bocroke. Onnako Ha
¢uorenetnueckoM JnepeBe VP naabHEBOCTOYHBIC
mraMMbl KB-A6, BeIeeHHBIE B OAUH IO U3 OJHOIO
CyOBbeKTa, TPYNNUPOBAIUCH HE TOJIBKO C BUPYCaMH,
BbIIeTIEHHBIMU B Kutae u mpounx crpaHax A3uH, HO
U U3 €BPOIEHCKUX CTPaH U IpYyrux peruoHos Poccumy,
YTO CBUJETEIBCTBYET O HE3aBHCHUMBIX MYTAX 3aHOCA
pasHbix BapuaHTtoB KB-A6 B JI®O, KOTOpEIM COAei-
CTBYET BHEUIHSS U BHYTPEHHSS MUTPALls HACEJICHUS.

Hawm He ynanoch BBISIBUTH OBICTPON CMEHBI U TIpe-
oOnasaHust TeX WK WHBIX BapuantoB KB-A6 Ha Teppu-
topuu PO B aHanu3upyemsblil IepHos BpeMEHH, UTO,
HampuMep, XapakTepHO JUIs SMUAEMHOJIOTHYECKOTO
npoduns OB ECHO30 [36, 37]. Bo3amoxHo, 3TO CBs-
3aHO KaK C OrpaHMYCHUSMH, HAJIOKEHHBIMH HEOOJIb-
LIMM KOJIMYECTBOM M3Y4EHHBIX MOCIEN0BaTeIbHOCTEN
U3 KaXJI0r0 CyObeKTa UM UX OTCYTCTBHEM 3a OIpe/e-
NEHHBIN TOJ, TaK U ¢ TeM, 4yTo obopot nuumii KB-A6
MOXKET MPOUCXOAUTH HE TaK 4acTo, kak y E30, mams xo-
TOPOrO YCTAHOBJIEHBI 3—5-I€THUE LIUKJIbI HUPKYIALUU
OTJCNBHBIX BapuaHToB [31].

B GonbmmHCcTBEe Tex cyobekroB DO, roe Brnep-
Bble OBUTH WACHTH()UIUPOBAHBI MOTEHIHAJILHBIC pe-
xombOunantel D3.2/A, D3.2/H, D3.3/L u D3.3/R, B TOT
e roj Habmonasicst poct DBU, uto nmoaTBepxkaacT TO,
YTO MOSIBJIEHNE HOBOTO BUPYCa B HEUMMYHHOMH MOITyJIs-
LMY BBI3BIBAET YXY/IICHUE AHIEMUYECKON CUTYyalllu.
Koumpkymnsiuusa Heckonbkux BapuanToB KB-A6 Ha on-
HOU TEPPUTOPHUU TOXKE ONPEICIIEHHO BHECHA BKJIAJ B
ypoBeHb 3abosieBaemoctu DBU, onHako HE CTOUT uC-
KJIIO4aTh U BIUSHUS Ipyrux TunoB OB. Tak, HecmoTps
Ha 1o uTo B [Ipumopckom kpae B 2016 . 0oAHOBpEMEHHO
uupkKyiaupoBanu 4 Bapuanta KB-A6, ¢ yuem MOXHO ObI-
710 OBI CBA3aTh POCT peructpanuu ciydaes OBU B 5,8
pa3a 1o CpaBHEHHUIO C MPEIBIYLIIM T'OJIOM, CPENIU BCEX

Puc. 3. dunoreHetnyeckoe ae-
peBo, NOCTPOEHHOE Ha OCHOBa-
HUKM aHanu3a parMeHToB reHa
nonumepasbl 3Dpol KB-A6 (753
H.0.).
LiBeToM BblgeneHbl AanbHEBOCTOY-
Hble WTaMmmbl KB-AB. MNMponncHbIMn
naTuHckuMu BGykBamu cnpaea ykasa-
Hbl peKOMBUHaHTHble dopmbl KB-AB
(ot RF-A no RF-P).

Fig. 3. The MCC phylogenetic
tree constructed based on
partial 3Dpol sequences of

coxsackievirus A6 (753 b.p.).
Far Eastern CVA-6 strains are

highlighted in color. Capital
Latin letters on the right indicate
recombinant forms (RF-A-RF-P) of
CVA-6.
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UACHTH()UIUPOBAHHBIX B 3TOT MEPUOA HEMOJIHMOMHUE-
nutHeIX DB mpeobnagan E30. B To ke Bpems 8 EAO
B 2019 r. orMeueHsl U TOABEM 3aboneBaemoctd DBU
¢ nomuHnpoBanreM KB-A6 B criekTpe 0OHApyKEHHBIX
HEMOJIMOMHENUTHBIX OB, 1 coBMecTHas nupkynsanus 3
pa3/IMyHBIX JIMHUN BUpyca. B cBsA3M ¢ 3TUM mpencras-
nsieTcsi 00OOCHOBAaHHBIM, YTO Ha MPOSIBICHHS JMHUIAC-
muueckoro npoiecca KB-A6-undekunu B cyoObekrax
AP0 B 2014-2019 rT. BCE k€ B 1OCTATOYHON Mepe BO3-
JIefiCTBOBaJl ypOBEHb MOIMYJISAIMOHHOIO MMMYHHTETA,
Ha YTO yKa3bIBaeT M TOT (paKT, YTO OCHOBHBIMH BbIJIe-
murenamu KB-A6 gsinstmuch netu 10 3 JerT.

[Nonmynsuu OB nMeroT KBa3UBUIOBYIO CTPYKTYPY
3a CYET BBICOKOM CKOPOCTH MyTalluii U peKOMOMHAIIH,
KOTOpBIE SABJSIOTCS CIIEACTBHEM MOJIEKYISPHBIX Me-
XaHW3MOB, CBOMCTBEHHBIX IMPOLECCY PEIUIMKALUU BU-
pycuoii PHK [38]. ®parmentsl renoma OB 3Bomtonu-
OHMPYIOT HE3aBUCUMO JIPYT OT Jpyra Ja)ke Ha ypOBHE
MHUKPO3BOIIIOLUH, oOecrieunBas DB cymiecTBoBaHue B
BUJIE BCEMHPHOTO BBICOKOJMHAMHUYHOIO ITyJla F'€HETH-
yeckoli unpopmaryu [39, 40]. Uacras u ceoboHas Tie-
peTacoBka pparMeHTOB MEKAY BUPYCHBIMU T€HOMaMH
MOXKET MOTEHIMAIbHO MPUBECTH K MOSABICHHIO HOBBIX
reHoBapuanToB OB ¢ M3MEHEHHBIMU TNaTOreHETHYe-
CKMMM CBOMCTBaMHU, IOBBIILIEHHON BUPYJIECHTHOCTBIO U
TPaHCMUCCUBHOCTEIO [40—42].

Jo 2008 r. B EBpomnie u 2009 r. B CILIA cinyuau
OBU, ceazannsie ¢ KB-A6, perucrtpupoBanuck Jo-
CTaTOYHO peako, a B Azuu 10 2009 . KB-A6 BbI3bIBaI
BCIIBIIIKY TepraHrusel [12, 43, 44]. OgHako coObITHS
pexomOuHanmu B reHome KB-A6, mpeniiecTBoBaB-
IMe cepuu KpymHbIX Bemblmek ¢ 2008 1., He TOJBKO
NpUBEIIN K CMEHE OCHOBHOH KIMHUYECKOH (HOPMEI
KB-A6-undexunn na BKCP u nosiBneHuro arunmu4yHoi
CHUMIITOMATHKH 3TOT0 3a00J1eBaHMsl, HO 1, BO3MOXHO, K
OosblIell TPAaHCMUCCUBHOCTH BHpYCa. YUWTBIBas, 4TO
yke okojio 10 JeT B MHUpe BBISBIAIOT TOIBKO CyOreHo-
tunn D3 KB-A6 [28, 29], sBotonus ¥ OSBIEHUE MHO-
JKECTBEHHBIX JIMHUHA BHpYCa MPEXKIe BCEro CBSI3aHbI C
pexoMOMHaIIMe HECTPYKTYPHBIX 00JlacTeil reHoMa.

Uccnenosanue S.H. Wang u coaBT. mokasaio, 4To
6enok 2C MOXKET UrpaTh BaKHYIO POJIb B MATOT€HHOCTH
mrammoB KB-A6, a reHeTHyecKre U3MEHEHHUSI, 3aTpa-
THBAIOLINE 3Ty 00JacTh, MOTYT OKa3bIBaTh BIMSHHUE HA
ucxozapl KA6-undexiuu [45]. ConocraBieHue KIMHU-
YeCKUX JAaHHBIX M MoJeKyiaspHoro aHanuza KB-A6,
oOHapyxeHHBIX BO Bpems Bembimku 2012-2013 rr. B
[ITanxae (KHP), BBISIBMIIO, UTO IITAMMBI, OTHOCSIITHE-
csl K peKOMOMHaHTHOU (opme J, BbI3pIBau Oomnee 00-
IIMPHOE MOPAXKEHUE KOKHBIX TOKPOBOB, YEM IITAMMBI
nuanm A [35].

B pa6ote E. Gaunt u coaBT. moka3aHa CBsI3b MEK-
Iy BO3HUKHOBEHHMEM AaTUIIMYHON 3K3aHTEMbI B BH/JE
OOIMPHBIX TEPHECONOAOOHBIX BBICHIIAHWH, OUArHO-
CTHPOBaHHBIX Bo Bpems Bemblikk BKCP B DnunOypre
(Benmukob6puranus) B 2014 r., u ycTaHOBICHHO! y 3200-
neBmnx pekoMOuHanTHOM popmbl H KB-A6 [23]. Cie-
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JIyeT OTMETHTh, 4TO mTammbl KB-A6, unentudunupo-
BaHHBIE HaMU NpHU paccienoBaHnu Benblku bBKCP B
YAO B 2017 r. v BBI3BaBIIKE MOSBICHUE TeMOpparuye-
CKOH CBINIU y JE€TEH, TAKKE MpUHAJEKaIu duHun H.
OTH HAONIOACHUS MOKA3bIBAIOT, YTO COOBITHSI PEKOM-
OMHAIMK B HECTPYKTYpHBIX obmacTsx reHoma KB-A6
MOTYT CIOCOOCTBOBATH MOSIBIICHUIO BApUAHTOB BUpYCa,
BBI3BIBAIOIINX Pa3lWYHbIe KIMHHYECKUE (EHOTUIBI U
oonee Txénoe teuenne KB-A6-undekunu. B cBsizu ¢
9THM BBISBJICHUE B3aMMOCBSI3eH MEXIy PEeKOMOUHAIIN-
€l ¥ U3MEHECHUSIMU IaTOTEHETUYECKUX CBOWCTB BUPYCa
UMeeT Ba)KHOE 3HaueHHe M MOAYEPKUBAET HEoOXOoAu-
MOCTbH JJAIbHEUIIIETO U3yUEHHUS.

YuuThIBasi T€HETUYECKYI0O HM3MEHYMBOCTH OB u
PHUCK BO3HMKHOBEHHUS BAPUAHTOB C BHICOKUM I1aTOI€H-
HbIM W SMUAEMUYECKHUM IOTEHLIMAJIOM, MOCTOSHHBIN
Haa30p 3a OB sBisieTcs 00A3aTenbHBIM WHCTPYMEH-
TOM, HAalpaBJICHHBIM Ha CBOEBPEMEHHOE BBISBICHUE
U OTCIIC)KUBAaHUE TAKHX IITAMMOB, OBICTPYIO OLIEHKY
SMUAEMUYECKON CUTyallud W NPUHATHE aJeKBAaTHBIX
yIIpaBJICHYECKUX pelieHuit [24]. BaxxHOCTh HEMPEphIB-
HOTO HaJ[30pa TaKXKe OINPENEIIAETCSA TEM, UTO HHTPOIYK-
LS U LUPKYJSIIHS «HOBOTO» BHPYCa B TIOMYJISILIH MO-
XKeT ObITh HE3aMETHOH JOBOJILHO UINTENBHOE BpeMs,
[I0Ka He MOSABITCS KPUTUYECKUE NU3MEHEHHs B T€HOME,
CHOCOOHBIE IPUBECTH K BebIlIKe. Tak, paccienoBaHue
BCIBIIIKM MEHUHTOdHIE(dannTa, Iponu3omeniei cpe-
mu geteit B PoctoBe-Ha-Jlony B 2013 . 1 BRI3BaHHOM
OB A71, noka3ano onmacHOCTb CKPBITOW IUPKYISAINH
Ha Teppuropun Poccun 3aHECEHHOrO, NMPEaNoIOKH-
TenbHO, U3 Kutas Bupyca B T€4eHHE HECKOJIBKUX JIET
110 €€ BOSHUKHOBEHUS [46].

PexomOuHaLusi WrpaeT KIIOYEBYIO PONb B 3BO-
momun OB u npyrux mnpencraBuTeneil ceMencTBa
Picornaviridae, obecnieunBasi HE TONBKO HMX pPa3HO-
o0pasue, HO U CTa0UIIbHOE CYIIECTBOBAHUE B KAUECTBE
robaneHOTo TeHodouna [47]. TlosBieHue MHOXe-
CTBEHHbIX reHoBapuanTtoB KB-A6 cBumeTenbCcTBYET 0
TOM, YTO PEKOMOHMHAIMS SIBIACTCS OTHUM U3 BayKHEH-
IIMX MEXaHW3MOB aJlalTallud BUpPyca U COXpPaHEHUS
€ro NMaToreHHOCTH B YEJIOBEYECKOM MOMYIISIIHM.

[Inanupyemoe MpomoIKEHHE UCCIIEAOBAaHUS MO-
KET MOMOYb BHECTH SICHOCTb B OCOOCHHOCTH MOJIEKY-
nspHoit atmaemuonorun KB-A6 B oTaenbHbIX CyObeK-
tax 1®0O. B cBoro ouepenip, moaydeHHbIE 3HAHUS OyayT
CIOCOOCTBOBATH COBEPILIEHCTBOBAHUIO AMUAEMHUOIIOT U~
yecKkoro Hajzopa 3a OBU.
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OunoanHamnyeckaa xapakrepuctmka reHa LMP-1
BuUpyca dnwrteinHa-bapp, nsonnposaHHoro
Ha TeppuTtopun Hnkeropopgckon obnactn

Bpbisranosa [1.A.', CaxapHoB H.A."™, NMonkoBa M.W.", Co6oneBa E.A.%, KynoBa E.A.2, YTkuH O.B.'

"HukeropofcKknin HayuHo-MccnefoBaTeNbCKUN UHCTUTYT SNUAEMUONONN Y MUKPOBUONOrMN UM. akafieMrKa
W.H. BnoxnHon, HuxHnin Hosropog, Poccuns;

2Hwkeropofckmin obnacTHom LeHTp no npodunakTtnke n 6opbbde co CMNNI n nHdeKuMoHHbIMK 3a601eBaHNAMMY,
HwxHun Hosropog, Poccus;

3000 «ToHyc Kpoxa u cemeliHasa ctomatonorus», HuxHuin Hosropop, Poccus

AHHOMauyus

BBeaeHue. Bupyc OnwreliHa—bapp (B3B) oTHOCUTCSA K YMCny camblX pacnpoCTPaHEHHbIX reprnecBupycoB 1 0b-
nagaeT BblpaXXeHHbIM reHeTUYEeCKUM nonmmopcgmaMoM. MayyeHre rnognHaMmmnyecknx xapaktepucTuk Bupyca
SABMSAETCA BaXKHbIM aCrNekTOM UCCneaoBaHnsi SBOSOLMOHHBLIX M3MeHeHUI reHa LMP-1 1 ux nocneacTesui.

Llenb — dunognHammnyeckmin aHanma Hmxeropogckmx nsonatos BOB Ha ocHoBe C-KoHLEBOro hparmeHTa reHa
LMP-1.

MaTtepuanbl u metoabl. B nccnenoBaHme Gbinm BkNtoveHsl 158 nsonsatos BOB, nonyyeHHbIX U3 nNenkoumnTos
KpoBW U crtoHbl geten 1-17 net ¢ AnarHo3oM «MHMEKUNOHHbIN MOHOHYKNEO03, Bbl3BaHHbIM BAb» (n = 68) n
YCINOBHO 300pOBbIX AETeN conocTaBnmoro nona v Bospacta (n = 29). leHoBapuaHTbl LMP-1 6bilnn nony4veHs! ¢
NMOMOLLbI0 MeToaa cekBeHUpoBaHus no CaHrepy. CpaBHUTENbHbIN aHanM3 aMUHOKUCIIOTHBIX NocreaoBaTenbHO-
cten nposoaunu B nporpamme «MEGA X», onnognHaMmmyeckuin aHanmnsa nonyyYeHHbIX HyKNeoTuaHbIX nocneno-
BaTENbHOCTEN U N30MATOB, AENOHNPOBaHHbLIX B GenBank, — B nakeTe nporpamm «BEAST v. 1.10.4», pekombu-
HaLMOHHbIN aHann3 — B nporpamme «Simplot».

PesynbraThbl. MNonyyeHbl 1 agenoHMpoBaHbl B 6a3y AaHHbIX GenBank 158 HykneoTuaHbIX nocrneaoBaTensHoCTeN
C-koHueBoro dparmeHTa reHa LMP-1 Huxkeropoackux nsonsatos BOB. YcTtaHoBNeHo Bpemsl LumMpKynauum 6nu-
Xanwero obulero npegka ans MoguduumMpoBaHHbIX reHoBapuaHtoB B95-8 ¢ mytauuammn G212S + E328Q +
S366T n NC c 3ameHon D250N, natnpyemoe 1994 n 1923 rr. CKOpoCTb 3BOMOLMM AaHHbLIX reHOBapuaHTOB bbina
HanbGonee BbicOKoW U cocTaBuna 1,298 x 10~ 17,868 x 10~ HykneoTMaHbIX 3aMeH/caiT/roa. BbisiBNeHbl pekoM-
OvHaumn B HUXeropoackux nocnegosatenbHocTax Med—, B95-8, China 1 ¢ mytaumamu G212S, G212S, E214Q
COOTBETCTBEHHO.

3aknroyeHue. Brnepsble gaHa dunognHaMmmyeckasl xapakTepucTuka HUXKErOPOACKMX M3OMSITOB U reHoBapuaH-
T0B LMP-1 BOB, n3onnpoBaHHbIX B pa3HbiX pernoHax mupa. lNonyyeHHble gaHHbIe pacLumMpsioT CyLecTByowmne
npeacTaBneHns o Lumpkynsumm reHosapuarHtos LMP-1 BOE Ha TeppuTtopuu eBponerickon yactu Poccum.

KnroueBble cnoBa: supyc 3nwmeliHa—bapp, cekeeHuposaHue, LMP-1, uHheKkyuoHHbIU MOHOHYKE03, ¢busio-
OuHamuka, 2eHoeapuaHmbl

Amuyeckoe ymeepxdeHue. Y 3aKOHHbIX NPeACTaBUTENEN HECOBEPLLEHHONETHUX NaLMEHTOB Nony4yeHo 406poBOsb-
HOe MH(OPMMPOBAHHOE COrfacuMe B COOTBETCTBUM C NONOXEHMAMN XenbCUHKCKoM aeknapaumm (2013). Mpotokon uc-
cnepfoBaHusl ofobpeH nokanbHbIM 3TUYeckum komutetoM Hwkeropogckoro HUW anupgemuonorum u Mukpobuonorum
umM. akagemuka WU.H. bnoxuHown (npotokon Ne 3 ot 11.11.2021).

HUcmoyHuk (#UHBHCUPOGBHUH. ABTOpbI 3asBNSIOT 06 OTCYTCTBUU BHELLHEro uHaHCHpoBaHUs NPy NPoBeAEeHNN UC-
cnegoBaHuA.

KoHgbniukm uHmepecoe. ABTOpbI AeKNapUpYT OTCYTCTBME SIBHBIX U MOTEHUMAnNbHbIX KOH(IIMKTOB MHTEPECOB, CBSI-
3aHHbIX C NyGnuKaumen HacTosILWEN CTaTby.

Ansi yumupoeaHus: bpeidranosa [.A., CaxapHoB H.A., MNMonkoea M.N., Cobonesa E.A., Kynoea E.A., YTkuH O.B.
dunognHamuyeckasi xapaktepuctuka reHa LMP-1 Bupyca 3nwrteiiHa—bapp, nsonmposaHHoro Ha Tepputopun Huxe-
ropoackon obnactu. XKypHan mukpobuonoauu, anudemuonoauu u ummyHobuonoauu. 2023;100(5):369-379.
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Abstract

Introduction. Epstein—Barr virus (EBV) is one of the most common herpesviruses and has a pronounced genetic
polymorphism. The study of the phylodynamic characteristics of the virus is an important aspect of the study of
evolutionary changes in the LMP-1 gene and their consequences.

The aim of the work was a philodynamic analysis of EBV isolates from Nizhny Novgorod region based on the
C-terminal fragment of the LMP-1 gene.

Materials and methods. The study included 158 EBV isolates obtained from blood leukocytes and saliva of
children aged 1-17 years with a diagnosis of infectious mononucleosis caused by EBV (n = 68) and apparently
healthy children of comparable sex and age (n = 29). LMP-1 genovariants were obtained using the Sanger
sequencing method. Comparative analysis of amino acid sequences was performed using the MEGA X program.
Philodynamic analysis of the obtained nucleotide sequences and isolates deposited in GenBank was carried out
using the BEAST v. 1.10.4 software package. Recombination analysis was performed using the Simplot program.
Results. 158 nucleotide sequences of the C-terminal fragment of the LMP-1 gene from Nizhny Novgorod region
EBV isolates were obtained and deposited in the GenBank database. The circulation time of the nearest common
ancestor for the modified B95-8 genovariants with G2712S + E328Q + S366T and NC mutations with the D250N
substitution has been established dating back to 1994 and 1923. The rate of evolution of these genovariants was
the highest and amounted to 1.298 x 10~ and 7.868 x 10~ nucleotide substitutions/site/year. Recombinations
were detected in the Nizhny Novgorod region sequences Med-, B95-8, China 1 with mutations G212S, G212S,
E214Q, respectively.

Conclusion. For the first time, a phylodynamic characterization of Nizhny Novgorod region isolates and
LMP-1 EBV genovariants isolated in various regions of the world is given. The data obtained expand the existing
understanding of the circulation of EBV LMP-1 genovariants in the territory of the European part of Russia.

Keywords: Epstein—Barr virus, sequencing, LMP-1, infectious mononucleosis, philodynamics, genovariants
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BBeaeHmne

Bupyc Onmreiina—bapp (BOB) sBisiercst mpen-
craBuTenieM cemelictBa Herpesviridae, nopceMencTsa
Gammaherpesvirinae, pona Lymphocryptoviruses,
Buna Human gammaherpesvirus 4. BOb xapakrepu-
3yeTcsl TEeHETUYSCKUM pPa3HOOoOpa3ueM, KOTopoe 00-
YCIIOBJIEHO JUJIUTEJIILHOM 3BOJIOLMEN, BKIIHOYAIOLIECH

psan acnekToB. Iloka3aHo, 4TO pekOMOMHALINS UTPaeT
OTIPEJICIISIONIYI0 POJib B (hOPMUPOBAHUM pa3HOOOpa-
3ust BOBb u ctpykrypsl ero renoma [1]. 3aduxcupo-
BaHbl MpPHU3HAKH AMBepcHHUUIUpYIOLIEro oTdopa Ha
YpOBHE TEHOB JIATEHTHOH (a3bl, QYHKLUHUS KOTOPHIX
3aKiovaeTcs B nepexoqe akTuBHod uHpexnuu BOB
JUIUTEIBHON IepcucTeHuuH [2].

© Bryzgalova D.A., Sakharnov N.A., Popkova M., Soboleva E.A., Kulova E.A., Utkin O.V,, 2023
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OPUTVHANbHbBIE NCCJTIEAOBAHNA

OpnHUM W3 HUX SBISETCSA T€H JIATGHTHOTO MEM-
Opannoro Oenka 1 (LMP-1), xapaxTepu3ylOIUICs
HaunboJiee BBICOKOW CTENEHbIO0 TeHETUYEeCKON N3MEHYH-
BOCTH TI0 CPABHEHHUIO C IPyTUMH BUPYCHBIMHU T'€HAMH.
BonpmmHCTBO paboT MO M3YYEHHUIO 3BONIOLUM TeHA
LMP-1 BbIIONHEHO 3apyOeKHBIMU HCCIIEAOBATENSIMH.
Ho Hactosimero Bpemenu B Poccuu uccnenoBanust, mo-
CBSIIEHHBIE 3BOJIIONMOHHBIM H3MeHeHusIM LMP-1, oc-
HOBBIBAJIUCH Ha (pritoreHeTH4eckoM ananuse C-KoHie-
BOro (parMeHTa reHa, U30JUPOBaHHOTO B MOMYJISILIUU
JpEBHUX HAPOAOB (CIIaBSH U TaTap), a Takxke pedepenc-
HBIX TIOCJIEJOBaTEIbHOCTEH TeHOBapUAHTOB B paMKax
knaccuduraiu R. Edwards u coasr. [3, 4]. JlanHas
KJaccuukanus SBIsETCsT Haubojee pacnpocTpaHEH-
HOW W BKJIIOYaeT 7 reHoBapuantoB LMP-1: Alaskan,
China 1, China 2, China 3, B95-8, Mediterranean
(Med) u North Carolina (NC) [3]. OnHuM U3 BaXHBIX
acnektoB kinaccudukanuu R. Edwards u coaBr. siBis-
eTcs aHalu3 Bapuauuii HamOoliee MOTMMOP(HOrO H
0XapaKTEPU30BAHHOTO B CTPYKTYPHO-(YHKIHOHAIIb-
HoM miane C-xoHueBoro ¢parmenta rena LMP-1 [3].
Psom uccnenoBareneil ObUTH BBISBICHBI HOBBIC Bapu-
anThl reHa LMP-1 (BHe knaccudukaiu R. Edwards
U COAaBT.), Takue Kak Southeast Asia 1 n 2 (SEA 1 n
SEA 2), wzonupoBannbie B Tawnanpe [5], Srbl u
Srb2 — B CepOuu [6], a pocCHIICKMMU YYEHBIMU CPEIU
B3pOCIIOr0 HacelleHus 00HapyKeH YHHKaJbHBIN JpeB-
Huii Bapuant LMPI-TatK [4]. Y uHOUUHPOBAHHBIX
JuI] BO BpeMs peruinkauuu BObB B ero renome Bo3HH-
KalOT MyTallld, KOTOpPbIe MPHUBOIAT K [CHETHYECKOMY
pa3HooOpasuto Bupyca [7]. JlaHHBIC CIIOHTAHHBIC 3a-
MEHBI, HaKOIUICHHBIE y B3POCHbBIX WHQHUIUPOBAHHBIX
JIUILI, HE BCETAA 3aKPEIUISIOTCS B MOMYJISILIUU, HO MOTYT
BJIMATH Ha KOHEYHBIH Pe3yNbTaT MIPU OLIEHKE YBOJIIOLH-
OHHBIX U3MEHEHMH reHoBapuaHToB LMP-I. IlosTomy
JUISL ICCIIEIOBAHUS PACIPOCTPAHEHHOCTH U HBOIOLIUU
C-xoHneBoro ¢parmenta reHa LMP-I Mbl UCHOJb-
30BaJIM IIOCIIENOBATEILHOCTH, MONyYCHHBIE Yy JETEH.
HecmoTpst Ha 3HaYMTENBEHOE KOJMUYECTBO Pa0OT 1O U3-
YUEHHIO TEeHETUYEeCKOT0o pazHooOpaszus LMP-1, 3Bomio-
LUOHHBIC M3MEHEHHUS TeHa U UX MOCJIEACTBUS U3yUeHBI
HEJ0CTaTOYHO.

B coBpeMeHHBIN IepuOJ LIMPOKOE IPUMEHE-
HUE TONy4Yrsl (UIOAMHAMHYECKUI aHAIU3 — METO[
OLICHKH 3BOJIIOLUH MAaTOTEHOB C yYETOM BPEMEHHBIX
napameTpoB. OCHOBHBIMH (PUIOAWHAMUYECKHMH TIa-
paMeTpaMu SIBJISIFOTCS. CKOPOCTh 3BOJIIOLMH U BpeMs
UUPKYJSIIMK  Omkaiimero obmero mpenka. J{aHHBIN
METOJI TIO3BOJISIET OLICHUTHh TUHAMHUKY W HalpaBJCHUE
SBOJIIOLIMOHHBIX U3MEHEHUH Pa3InYHBIX TaTOTCHOB.

Hean uccnenoBanusi — QUIOANHAMUYECCKHIA aHa-
JIU3 HUKEropoackux nzonaroB BOb Ha ocHoBe C-koH-
uesoro (parmenra rena LMP-1.

MaTepman bl 1 MeToAbl

UccnenoBanu 158 uzonaros BOb, momyueHHBIX
13 JIEHKOIIMTOB KPOBU M CIIOHBI 68 merer 1-17 ner,

TOCTIIMTAIM3UPOBAaHHBIX B JIeTCKyI0 WH(EKIHOHHYIO
oonmpauy Ne 8 . Huknero HoBropoma ¢ muarHozom
«uH(pEKINOHHBIII MOHOHYKIIC03, BbI3BaHHBI BOby», n
29 ycnoBHO 370POBBIX JIETEH COMOCTaBUMOTO IOJIa U
BO3pacTa, MPOXOAMBIIMX aucnaHcepusanuio B OO0
«Tonyc Kpoxa u cemeitnas cromatonorus» (Huxuuit
Hogropon). ¥ 3akoHHBIX NpencTaBUTENEdl HecoBep-
UICHHOJIETHUX MAalMeHTOB IOMYyYeHO A00pOBOJIBHOE
WH(POPMUPOBAHHOE COINIACKE B COOTBETCTBHH C IMOJIO-
JKeHUsIMUA XenbCUHKCKoM neknaparuu (2013). IIporo-
KOJI HCCIIeIOBaHUSl OfOOpEH JIOKaJbHBIM 3THUYECKUM
komurerom Huxeropoackoro HUU snupemuonoruuu
MUKpoOuosoruu uM. akagemuka U.H. braoxunoii (ripo-
tokost Ne 3 ot 11.11.2021).

DpaKLUIO JEUKOLUTOB MOIYYaly ¢ IOMOLIBIO Pe-
arenTa «I'emonutuk» (LIHMUW Snunemuonorun Pocno-
TpeOHan30pa). [IpoOGonoAroTOBKYy CIFOHBI TPOBOIMIN
MO ONTHMHU3UPOBAHHOMY HaMHU CIIOCO0Y, M3JI0KEHHO-
My paHee [9]. DKCTpakLUIO TOTaJIbHOW HYKJIEHHOBOM
KHCJIOTHI U3 JICHKOLUTOB KPOBH U CJIIOHBI MIPOU3BOAU-
JIY TIpU IIOMOLIHN KoMIuiekTa peareHToB «PMBO-mpemn»
(IHUM Bnupemuonoruu PocnorpebHamzopa) ¢ Mo-
muduxanusmu [9, 10]. Hanmnune Bupycnoit JHK BOb
MOATBEPK AN METOAOM IOJUMEPA3HOil LemHoN pe-
akuuu (ITHP) B peanbHOM BpeMeHH C NMPHUMEHEHHUEM
Habopa pearentoB «AmmmCenc EBV/CMV/HHVG6-
ckpun-FL» (HHWUU Dnupemuonoruu PocnorpeOna-
30pa) Ha ammuugukarope «Rotor-Gene Q Splex HRM»
(«Qiageny).

C-xoHueBoit parment rena LMP-1 ammudu-
IUPOBAJIH C MOMOIIBIO Pa3paboTaHHOTO HaMU Jlabopa-
TOPHOTO IMPOTOKOJIA, 0a3UPYIOLIETOCs] Ha HUCIOJIb30Ba-
Huu metona IIIP ¢ npaiiMepaMu, ONUCaHHBIMU B CTa-
1b€ [11]. OmHocTaauitasiii BapuanT 1P mpoBoaumwy,
ucnons3ys npaiimepsl: Al 5°-AGT CAT AGT AGC
TTA GCT GAA-3’'u A2 5’>-CCATGG ACAACG ACA
CAG T-3. Pasmep parmenTa C-koHIIEBO# 001acTH Te-
Ha LMP-1 — 602 n.H.

CeKBeHUPOBAHUE OYMIICHHBIX aMIUTU(QUIIUPO-
BaHHbIX (parmentoB JJHK mpoBogunu ¢ momouibro
Habopa pearentoB «Big Dye Terminator v.3.1 Cycle
Sequencing Kit» («Applied Biosystems») Ha reneru-
yeckoM anajmzatope «AB-3500 Genetic Analyzer»
(«Applied Biosystems») ¢ HCHONB30BaHHEM OPUTH-
HaJILHOTO MporpaMMHoro obecmeuenus: «3500 Data
Collection Software v. 1.0» («Applied Biosystems»).

Hykneotunnsle mociaeqoBaTeIbHOCTH aHAIN3HU-
pPOBaIM C TIOMOIIBIO OTKPBITOTO MPOrpaMMHOTO 00e-
crnieuenuss «KMEGA X» («Mega Softwarey)'.

D®opmuposaHue 8b160pKu

Jnst m3ydenus paznoodpasus C-koHeBoro ¢par-
MeHTa reHa LMP-1 BOB Obun mpoaHann3upoBaHbI
noctynHele B 0aze manHbix GenBank nykiieotuaHble
nocJenoBaTeIbHOCTH pa3mMepoM Oosee 80% OTKpBITOM

! URL: https://www.megasoftware.net
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paMKu cuuThiBaHUs. B BRIOOpKY Bomun 763 HyKieo-
TUAHBIE MOCJIENOBaTENbLHOCTH reHa LMP-1 u reHoMa
BO3b, uzonuposannsie nociae 1970 . Ha Teppuropuu
ABctpanuu, Ansacku, Aprentunsl, bpazunuu, Benuko-
O6puranun, ['ansl, ['onkonra, Mugonesun, Kennn, Ku-
tast, Kopeu, Hurepuu, [lakucrana, [Tonsmu, Cepbun,
CHIA, TaiiBans, Taunanga, Xopsaruu, [lIBeiinapun,
Snonunu. IlocnenosarenvsHocTH TeHa LMP-I, momy-
YEHHBIC JPYTMMH OTECUECTBEHHBIMU HCCIICIOBATEIIIMHU
Ha TeppuTopun Poccuu, B ykazaHHOW 0a3e aHHBIX HE
MIPEICTABIICHBI.

QunoouHamuyeckul aHaau3

BripaBHMBaHUE HYKJICOTUIHBIX IOCIEIOBATENb-
HOCTEH Hapsagy ¢ GOpMUpOBaHUEM AMHHOKHCIOTHOTO
koga LMP-I mpoBOAMIM C TMOMOIIBI0 MPOTPAMMHO-
ro obecrnieuenuss «MEGA X» [12]. Jnst moctpoenus
(UIOTCHETUYECKOTO JiepeBa HCIONB30BAIM  METOA
MaKCHMaJILHOTO IPaBAONOA0OMS, MakeT IporpamMm
«BEAST v. 1.10.4» [8]. ns aHanu3a noay4YeHHBIX HY-
KJICOTUIHBIX TOCIIe0BaTeIbHOCTEH Oblla mojoOpaHa
mozenb Hasegawa—Kishino—Yano. Ha ocHoBe Moaenu
SkyGrid paccuuThIBaIy JUHAMUKY AEMOTpadUueCcKuX
nokaszareneit [13]. JloCTOBEpHBIMH CUUTAId YpPOBHU
arocTepropHoii BepostHoctd > 0,85. Ha Gaze crpo-
TUX MOJIEKYJISIPHBIX 9acOB U3MEPSIIU CKOPOCTh 3BOJIIO-
uuu. Jnvaa nenu MapkoBa Monte-Kapno cocrasuiia
200 mutH maros. ['padudeckyro BU3yanu3aluio JaepeBa
ocymectsinsuin B nporpamme «FigTree 1.4.3». Jlen-
JIporpaMMbl aHaJIM3UPOBAIN C [TOMOIIBIO TPOTrpaMMBbI
«Tracer v. 1.7.1» [14].

ITo naHHBIM POCCHUHCKUX aBTOPOB, OIHUM M3 TH-
MOB TCHETHYECKOH HM3MEHYMBOCTH, KOTOpBIE CHOCO0-
CTBYIOT 3BONIIONMH TeHa LMP-1, SBISIOTCS TOUCUHBIC
MyTtauuu [4]. B cBA3M ¢ 3TUM HaMH NPOBEJEH CPABHU-
TEeJbHBIN aHaJIu3 TOYEYHBIX aMUHOKHCIOTHBIX 3aMEH B
MOCTIEJOBATEIBHOCTSIX HCCIIEAYEMOM BEIOOPKH C LIETBIO
oTpeeNieHHs CIIeHU(PUIECKUX MyTalui, XapaKTEePHBIX
JUTSL ONIPEIENIEHHBIX PETHOHOB, a TAK)KE OTCIIEKUBAHUS
UX paclpoCTPAaHEHMsI CO BPEMEHEM.

PekoMbOUHAUUOHHbIU aHAIU3

[Ipeanonaraemple pekOMOWHAHTHBIE MOCIEIOBA-
TEJILHOCTH aHAJTU3UPOBAJIM C TIOMOIIBIO MPOrpamMM-
Horo oOecmneuenust «Simplot» [15] mo mertomy mo-
NapHOTO BHYTPUTPYIIIOBOIO HEB3BELUICHHOIO Cpel-
Hero (unweighted pair group method with arithmetic
mean, UPGMA) ¢ nnunoit oxna 200 m.H., mar 20 m.H.
u 100 noBTopenusiMu bootstrap-ananuza. s ananmsza
HYKJICOTHIHBIX TOCIEAOBATEILHOCTEH HCIONB30BAIIH
mogenb TN93 (Tamura-Nei, 93).

Pe3synbraTtbl

Ha nmepBom sTane paGoThl HaMH TIONTY4YEHBI U Jie-
NOHUPOBaHEI B 6a3y ganHbIX GenBank 158 nykneorun-
HBIX TocieaoBarenbHocTeil C-KOHLIEBOro (hparMeHTa
reHa LMP-1 nwxeropoackux uzonsitoB BOB (peru-
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ctparuonnsie Homepa OP105219-OP105376 mpucso-
ensl 09.08.2022).

QunozeHemuyeckuli aHaau3

Jns  oLeHKH KJIacTepU3alllyd HHXKETOPOACKUX
n3onaroB BObB, a Takxke xapakrepa UX B3aUMOOTHO-
LIEHUH C TOCJIEeI0BATENbHOCTIMH, U30JUPOBAaHHBIMU
B 1970-2022 rr. B pa3nu4HBIX PErHOHAX MHpa, OBLIO
CKOHCTPYHPOBaHO (uIoreHeTHYecKoe Aepeso (puc. 1).

Tonbpko OoAMH MACHTU(HUUMPOBAHHBI HAMHU HU-
xeropoackuil uzonat (OP105219) obOpasoBbiBan enu-
HBIW KJIacTep W MOKa3aj BHICOKYIO BEPOSTHOCTH (PHIIO-
reorpaduueckoil CBsI3M (3HAYCHUE AarOCTEPUOPHOMN
BeposiTHOCTH, paBHO# 0,99) ¢ pedepeHcHON moCIe-
JIoBarebHOCTRI0O Alaskan M mociaenoBaTelIbHOCTAMH,
noidy4eHHbIMH B ApreHtune. OOIIyr0 TpyIIy TaKxe
o0pazoBbiBau U30MAThl China I, momydyennsie u3 Hu-
x)eropozckoit oonactu, Cepoun u Kuras. OqHako 3Ha-
YUTEIHbHOTO TEHETUYECKOTO CXOJCTBA MEX]Ty HUMH HE
BBISIBIICHO B CBS3M C HU3KUMH 3HAYEHUSMU arocTepu-
opHoil BeposaTHOcTH. [loxoxkasi anmocrepuopHasi BEpo-
SITHOCTh OTMEYaNach U B KJIACTEPE C HIKETOPOJCKUMU
uzonsitamu B95-8. Ota rpynna Bkitouana Hanbosnbliee
KOJIMYECTBO IIOCIIE0BaTEIbHOCTEN, BBIJCICHHBIX B
pasnuuHbIx pernonax mupa (Cepbuu, Aprenrune, Be-
nukoOputanuu, llIBelinapuu, bpaswinu, ABcTpanuu
u CIIA). 'eneTnueckoe poICTBO C allOCTEPUOPHOI Be-
positHocThiO 0,87 ¢ mocnenoBarenbHOCTAIME U3 CepOun
[IOKa3aJIM HIXKETOPOJICKUe 130sAThl BOb 1 renoBapuanT
NC, chopMupoBaB Ha JIepeBe eAUHYI0 MOHOGUIETHYC-
cKyto rpymmy. Himkeroponackue mnocienoBaTellbHOCTH
Med— He 00pa30BBIBAIIA OTIEIBHOTO SAMHOTO KIIACTE-
pa, a pacipeneNuInch MEXAY TeHETHYECKH OIH3KUMU
n3onstamu u3 bpasunuu u HIselinapuu.

CKOpOCI’nb 380J/1o0yuu

Ckopocth 3BOdtOIMM C-KOHIIEBOTO (PparMeHTa
reHa LMP-1 BOb B knactepax, coaepKalux HUXKEro-
ponckue uzonstel China 1 v Alaskan, BappupoBaiia He-
3HAYUTENBHO U cocTaBuia 5,042 x 103 u 1,518 x 107
HYKJICOTHIIHBIX 3aMeH/caiiT/roa. B kimacrepax ¢ moce-
JoBaresibHOCTSIMH M3 Huxkeropoackoit oonactu NC u
B95-8 cxopocts 3BoIONIMN ObLIa HECKOJIBKO BBIIIE —
1,298 x 10* 17,868 x 104 HyKJIICOTUAHBIX 3aMEH/CalT/
roa. Jns Bceit uccnenyemoii BbiOOpKkH C-KOHIIEBOTO
¢parmenta rena LMP-1 BOB ckopocTh 3BONIONNY CO-
craBuia 2,32 x 10 HyKJICOTUAHBIX 3aMEH/CalT/TO/I.

Bpemsa yupkynayuu bnuxatiwezo obwezo npedka

Knanma, comepxaias HIKETOPOICKUE H3OJSTHI
B95-8 u nocnenosarensHoctn u3 CepOun, ApreHTu-
Hbl, BenukoOpuranuu, LIBeiinapun, bpaswimu, As-
crpanuu u CIIA, Britouana oOLy0 KOMOMHAIIMIO MY-
tauid G2128 + E328Q + S366T. Hamu 6bu10 onpene-
JICHO BpeMs LIUPKYIISUH OMyKaiIero o01ero npenka
JUTSl JaHHOTO TeHoBapuaHTa B95-8 ¢ samenamu G2125 +
E3280 + §366T, xoropoe narupyercs 1994 1. Knana,
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Puc. 1. Banecoso dunoreHetnyeckoe gepeso MCC, CKOHCTpYyMpPOBaHHOE Ha OCHOBE HYKMNEeOoTMAHbIX NOcneaoBaTenbHOCTEN
C-koHueBoro dparmeHTa reHa LMP-1 Huxeropoackux usonatos BOB 1 nocnenoBatenbHOCTEN, NOMYYEHHbIX B Pa3fnyHbIX
pervoHax mupa u gocTynHbix B GenBank.

MCC — cunoreHeTU4eckoe AepeBo C MakcUMarbHOW HaaEXHOCTbIO knag. MNokasaHbl 6anecoBckue anocTepuopHble BEPOSATHOCTU Gonee
0,85 B 0CHOBHbIX y3nax. TpeyronbHWKaMu 0603HayYeHbl Knagbl C HUXeropoackummn nsonstamm BOB 1 cocegHMmn nocrnenoBaTenbHOCTAMMU,
poctynHeiMu B GenBank.

Fig. 1. Bayesian MCC phylogenetic tree constructed on the basis of the nucleotide sequences of the C-terminal fragment
of the LMP-1 gene of Nizhny Novgorod region EBV isolates and sequences obtained in various regions of the world and
available in GenBank.

MCC is a phylogenetic tree with maximum clade reliability. Shown are Bayesian posterior probabilities greater than 0.85 at the major nodes.
Triangles indicate clades with EBV isolates from Nizhny Novgorod region and neighboring sequences available in GenBank.

cozepkaas HwxeropoAackue uzonsatel NC U mocne- — AHanu3 BKIroyan u3oisatel BOB, panee oxapakrepuso-
noBarenbHOCTH 13 CepOun, BKIIFOYAET OOIYI0 3aMEeHY  BaHHBIC 10 kiaccudukanuu R. Edwards u coaBr. B 1py-
D250N u npennonoxuTeabHO UMEET OOIIEero mpejaka,  T'MX UccieAoBaHusX [6, 16-22]. MaciirabHble uccie-
BpeMs LUPKYIALUN ONkaiiiero oOImiero mpeaka —  JIOBaHUS, MOCBAIIEHHBIC JaHHOMY BOIIPOCY, IIPOBOJIH-
1923 r. JIUCHh TOJIBKO Ha TEPPUTOPHSIX ApreHTuHsbl, bpaswnuuy,
CepOumn, Kuras, lIseiinapun, AMepuku.
CpaBHUTENBHBI aHAIN3 TOYEYHBIX AMUHOKHC-
Ha cnepytomem stane paboTel HaMM MPOBEAEH  JIOTHBIX 3aMEH B IOCJIEAOBATEILHOCTSIX MCCIETyeMOn
CPaBHHUTENBHBINA aHAJIN3 JaHHBIX TOYCYHBIX AMUHOKHC-  BBIOOPKHM MPOIEMOHCTPUPOBAJ BEICOKYIO pacipocTpa-
JIOTHBIX 3aMEH B MOCIENOBaTEeIbHOCTAX, AOCTYNHBIX  HEHHOCTh MYyTallUil, HE XapaKTepHBIX AJISI OMpeesEH-
B GenBank u BbIIENEHHBIX B Pa3lUYHBIX reorpadu-  HBIX TEHOBapUAHTOB (Ta0IMLA).
YECKHX PErHMOHax MHpa. Takke MPOU3BOIUIICS HMOUCK Camast ManoducClieHHas TpyIIa, COCTOSIas U3
JPYTHX OOLIMX aMUHOKUCIIOTHBIX MyTalluid B mocieno- 11 mocienoBaTenbHOCTEH, MpHHAAJIEKANA TeHOBApH-
BaTeNIbHOCTAX reHoBapuanToB Med, China 1, Alaskan.  auty LMP-1 Alaskan, KOTOpBIi PEeIKO BCTpEUaETCs BO

CpaeHumeanbuJ aHa’sius aMmuHoKucsiom
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CpaBHeHue YacToTbl pacnpocTpaHeHus reHosapuaHTos LMP-1 BOB B mupe
Comparison of the prevalence of EBV LMP-1 genovariants in the world

PerioH B9S-8 Med NC China 1

Region G212S + E328Q + S366T | G212 + E328Q (G2123) (D250N) (E214Q)
Hueropopckas obnacTs 99 % (95/96) - 78% (7/9)  96% (27/28)  50% (12/24)
Nizhny Novgorod Region
Cepbus | Serbia - 100% (23/23) 77% (14/18)  100% (10/10) -
CLUA | USA 80% (8/10) - - - -
Bpasunus | Brazil 50 % (3/6) - 70% (19/27) - —
ApreHTuHa | Argentina 87% (7/8) - 94% (34/36) - 79% (23/29)
WpaH | Iran = 100% (4/4) 59% (13/22) = =
Lsenuapus | Switzerland 75% (3/4) - - - -

BcéM Mupe. [IpoaHanu3upoBaHHbIE U30JIATHI HE BHISIBU-
JI1 00X aMUHOKHUCIIOTHBIX 3aMEH, TOMUMO MYTAallHH,
oxapaktepuszoBanHbix R. Edwards u coasr. [3].

Hnst renoBapuanta NC Oblia XapakTepHa MyTa-
uust D250N, xoTopasi BcTpeyanach TOJIBKO B M30JIATax
n3 Hwxkeropoackoii obnactu u Cepbuu B 94,4-100%
Clly4aeB COOTBETCTBeHHO. Kak BHIHO u3 Tabmuiwl,
HanboJjee MIMPOKO PacIpOCTPaHEHHBIMU B PAa3IMUHBIX
pernonax mwupa Obutn Mytauuu G212S + E3280Q +
S366T B w3onsarax B9S5-8 (50-99%) u G212S B Med
(59-94%).

Emé omnoii myTranuel, oOHapy>KeHHOH B HalleM
uccuenoBanuu, spisercs E214(Q, koropas Oblna Xa-
pakrepHa s reHoBapuanta China I n BcTpedanach B
HUKETOPOJICKUX M30JIATaX M B MOCIEA0BATEIbHOCTAX
u3 ApreHTuHsl ¢ 4yactotoi 46 u 79% COOTBETCTBEHHO
(Tabmuua). Mel npennonaraeM, uro mytamus E2140
MOSIBUIIACH B HIKETOPOACKUX m3onsitax China I B pe-
3yJbTaTe UX PEKOMOWHAIMU C MOCJIEA0BATEILHOCTHIO
mramMMa Raji. Tlo ananorun myrauua G2/2S nosBu-
nach B u3onsatax Med u B95-8 B pe3ynbrare ux pekoM-
ouHanMK ¢ mocienosarelbHOCThI0 CAQO, T.K. maHHas
3aMEHa XapakTepHa Ajs AaHHoro mramma. Iloxoxas
CUTYyalysl TIpoCieXUBaeTcs U I myTauuu S3667 B
B95-8. B cBsi3u ¢ 3TUM HaMu ObLT NPOBEAEH PEKOM-
OMHAIIMOHHBIA aHANN3 JAHHBIX MYTalMi MIPH TOMOIIH
OyTckaH-aHaIN3a.

PekoMbOUHAUUOHHbIU aHAIU3

Jlyis omnpenenieHus BO3MOXKHBIX COOBITHI PEKOM-
OMHAIMKM BCE HIKETOPOICKUE IOCIIEI0BATENLHOCTH
B95-8 ¢ 3amenamu G212S + S366T tectupoBaiu B
CpaBHEHHU C peepeHCHBIMU TOCIEI0BaTENbHOCTS-
Mu CAO u B95-8. PedepencHas mocienoBaTenbHOCTD
Alaskan ncnionb3oBanach B KaueCTBE BHELIHEH TPYIITIEL.
Touka pexombunanyu (R1) Obi1a oOHapy»)eHa BO Bcex
nocneaoBarenbHOCTAX B JoMeHe CTAR1 (192-232 a k.),
OTBETCTBEHHOIO 3a AKTHBALMIO TPAHCKPHIILMOHHOTO
¢daxropa NF-kB (puc. 2, a) [23]. DTOT pe3ynasrar yka-
3bIBaeT Ha TO, yTo MyTarust G212S B uzonsarax B95-8§
JEWCTBUTEIBHO MOIJIA TTOSIBUTHCS B MIPOLIECCE PEKOMOH-
HaIUU MEXy mocienoarenbHoctssMu B95-8 u CAO.

Mpbl Takke MpoaHaTU3UpOBaIH BCE HHUKETOPO.-
CKHE TOCJIeI0BAaTEIbHOCTH, PACHOIO0KEHHBIE B OTHOM
knactepe BMecte ¢ China 1 v copepkaiue MyTaluio
E214Q, xotopas xapaktepHa s mTamma Raji. [lpu
TECTHPOBAaHUU NPOTUB peepEeHCHBIX MOCIEA0BaTEIb-
Hoctel Raji, China 1 u CAO, Bapuant China 1 ¢ my-
tanueid £214Q nokaszan Touky pexomOuHanuu (R2) B
obnactu nomena CTARI (192-232 a.k.) Bo Bcex mocie-
JOoBaTelnbHOCTAX (pHc. 2, 6). Takum 00pa3om, MOXKHO
TOBOPUTH O TOM, 4YTO MyTauus E2/4(Q B HUXEropos-
ckux usonsatax China I mosiBUIACh B pe3ylbrare pe-
KoMOUWHanmu nocienoBarenbHocredt China I u Raji.

B nanbHeliieM HaMu POBEIEH PEKOMOUHAIIMOH-
HBI aHaJU3 BCEX HUKETOPOACKUX IMOCIIEA0BATENHHO-
CTel, KOTOpbIe 00pa3oBay Kiaxy BMecte ¢ Med— u co-
nepxanu mytauuio G212, xapakTepHyo 17 [Tamma
CAO. B xadyecTBe BHEIIHEH TpymNmbl ObUIa BKIIOYCHA
nociezoBaTebHOCTh B95-8. Ha puc. 2, 6 BusiHa 001as
obmacte (R3) mepeceueHus] BCEX HUKETOPOACKHUX II0-
cienoBarenbHocTel Med— ¢ mytanueit G2128 u CAO
B gomeHe CTARI (192-232 a.x.). B cBs3u ¢ atum my-
tauus G212S B HIDKETOPOACKUX MOCIEI0BATEIBHOCTIX
Med— wmorna TNOSBUTLCS BCJCICTBUE PEKOMOMHAIIUU
Med—wn CAO.

O6cyxpaeHue

B Hactosimeit pabote BrepBble AaHa (GHUIOAMHA-
MHUYECKasi XapaKTepUCTHUKA HUKETOPOACKUX H30JIATOB
BOB, moiy4eHHBIX OT JeTel ¢ qUarHo3oM «UHQEKIHU-
OHHBIII MOHOHYKJIE03, BbI3BaHHBIN BOb» 1 310poBBIX
JIOHOPOB, U reHoBapuanTos LMP-]/ BOb, nzonupoan-
HBIX B pa3JIMYHbIX pETHOHAX MUPA. /1)1 OLIEHKH 3BOJIIO-
LIMOHHBIX B3aUMOOTHOIIEHUN MEXAY IOCJIE0BaTeNb-
HocTsimu C-koHIleBoro ¢parmeHta reHa LMP-1 BOb
B HCCIIEAYEMOH BBIOOPKE MBI PEKOHCTPYyHpOBanu (u-
JIOTEHETUYECKOE JIEPEBO C IPUMEHEHHEM 0alieCOBCKON
CcTaTUCTUKU. DUIOreHEeTUYECKUI aHaIu3 Ha OCHOBE
HYKJIEOTHJIHBIX MocyeaoBaTenbHoCcTe C-KOHIIEBOTO
(parmenrta rena LMP-1 noka3ani, 4TO HUKETOPOACKHE
M30JIAThI, OTHOCAIIMECS K TeHoBapuaHTy NC, reHeTu-
Yecku Onu3Ku ¢ nocienoBarenbHocTssMu 13 CepOun.
3TO MOXHO OOBSICHUTh aKTHBHBIMH MHUTPAUOHHBIMH
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Puc. 2. PekomMBUHaLMOHHLIN aHann3 HKEeropoackux nocne-
[oBaTenbHOCTEN.

a — ByTckaH-aHanu3 HKEropoAckmMx nocnegosarensHocTen B95-8
¢ myTaumsamm G212S + S366T oTHOCUTENBHO pedepeHCHbIX nocne-
poBatenbHocTel CAO, B95-8 u Alaskan (BHeLWHss rpynna);

6 — ByTCkaH-aHanu3 HUXKEropoackMxX nocnegoBaTenbHOCTEN
¢ myTauuen E214Q oTHocuTenbHO NnocrnegoBaTensHocTen Raji,
China 1 n CAO (BHeluHsiA rpynna); 8 — ByTCKaH-aHanmus3 HuKero-
poackux nocnegosatenbHocTen Med— ¢ myTaumein G212S oTHo-
cuTenbHO nocneposatensHocTenn Med—, CAO n B95-8 (BHelwHAs
rpynna). MNapametpbl aHanu3aa: okHo 200 n.H., war 20 n.H.

n 100 nosTopennit no metogy UPGMA.

Fig. 2. Recombinant analysis of Nizhny Novgorod region
sequences.

a — bootscan analysis of Nizhny Novgorod region sequences in
B95-8 with G212S + S366T mutations relative to sequences CAO,
B95-8 and Alaskan (outer group); b — bootscan analysis of Nizhny
Novgorod region sequences with E274Q mutation relative to the
sequences Raji, China 1 and CAO (outer group); ¢ — bootscan
analysis of Nizhny Novgorod region Med- sequences with G212S
mutation relative to Med—, CAO and B95-8 sequences (outer group).
Analysis parameters: window 200 bp, step 20 bp and 100 repetitions
according to the UPGMA method.

IIpOLIECCaMU, IIPOUCXONAIUMU BCIEACTBUE HUCTOPU-
YECKU CJIOXKHUBUIMXCS MEXKIOCYIapPCTBEHHBIX B3aUMO-
OTHOILIEHUH NaHHBIX cTpaH. CpaBHUTEIBHBINA aHAIIN3
AMUHOKHUCJIOTHBIX 3aMEH HHKETOPOACKUX U30JIATOB U

nocnenoBarenabHocTel U3 CepOuK, OTHECEHHBIX K Te-
HoBapuaHTy NC, MIpOIEeMOHCTPUPOBAJ HATUUUE 00IIeH
myTaiuu D250N s faHHBIX peruoHOB. Bpemst mpo-
MCXOXJICHUs OJIMkKaiiiero oOIIero npeaka Jisi reHo-
Bapuanta NC ¢ HanuureM myTtauuu D250N n3onaTos
n3 Cepbun u Hikeroponckoit obmacti gatupyercs
1923 1., YTO COOTHOCHUTCS C NMEPUOAOM PYCCKOH IMHU-
rpalliy BO BpeMs TpakJaHCcKol BoWHbI B KoposneBcTBo
IOrocnasuto, B kotopyto Bxoaunu CepOusi, XopBatus u
Crnosenus. bBoinbliie Bcero pycckux nepeceneHiuen Obl-
70 pasmenieHo B CepOum, rae HaCUUTHIBAIOCH OKOJIO
200 xomonmii [24]. B HacTosimieii MOMEHT (YHKIHO-
HaJbHAs 3HAYUMOCTD 3aMeHbl D250N A1 reHoBapuaH-
Tta NC He ompefeneHa.

Oco0blil UHTEpEC UIA Hac MpeAcTaBisiia Kiana,
coJepxallas HIDKErOpoJCKUEe TOCIeI0BaTEeIbHOCTH
B95-8 n uzonatel, noiyueHHslie n3 Cepdbun, ApreHTu-
Hbl, BenukoOpuranuu, llIBeiinapun, Bpasunuun, As-
crpanuu u CIIA. HecmoTpst Ha TO 4TO amocTepuop-
Hasi BEpOSATHOCTb JJIsl JIAHHOU KJ1a bl ObLIa HEBBICOKOM,
MOYTH BCE MOCJIEAOBATEIILHOCTH BKIIOYAIN KOMOMHA-
LU0 U3 3 aMUHOKHUCIOTHBIX 3aMeH G2125 + S366T +
E328Q n 6bun n3onmpoansl nocue 1999 r. Uckiro-
YeHUE COCTaBIUIM H30iATHl M3 CepOuH, B KOTOPBIX
cpaBHEHHE KOMOMHanuu mytauuid G212S + S366T +
E328Q0 ObUIO0 HEBO3MOXHBIM H3-32 METOJUYECKHUX
OTpaHMYECHUM, T.K. JaHHbIE MOCIEI0BaTEIbHOCTH, pa3-
meménnple B GenBank, He comepkanu ucciexyeMblit
0Tpe30K ¢ 3ameHoi S3667. CTouT oOpaTuTh BHUMaHUE
Ha TO, YTO BpeMsI MPOUCXOXKACHUS obuiero Onmkaiie-
ro npenka ans kiaaasl B95-8 ¢ myranuamu G212S +
§366T + E328Q narupyetca 1994 r. [IpoBenénuslii Ha-
MU CpPaBHUTEIbHBIA aHAJIN3 TOYEYHBIX aMUHOKHCIIOT-
HbIX MyTamuit G212S + S366T + E328(Q renoBapuan-
Ta B95-8 noka3an uX BBICOKYIO paclpoCTPaHEHHOCTh
B IIOCJIEIOBAaTEIbHOCTAX, MONYYEHHBIX B Pa3IMYHBIX
peruonax mupa nocie 1999 r. OtMeTrum, 4TO BBICOKAS
pacrnpocTpaHéHHOCTh MOAU(DHUIMPOBAHHOTO BapUaHTa
B95-8 ¢ 3amenamu G212S + S366T + E3280 He cBs3a-
Ha C OMNpeNelEHHBIMU TEPPUTOPHUSIMH, a BCTPEUAETCS C
BBICOKOM 4aCTOTOM B MOCIIEA0BATENBHOCTAX, U30IUPO-
BaHHBIX B Pa3MUYHBIX peruoHax Mupa. Moaupuuupo-
BaHHBIN BapuaHT B95-8 ¢ mytauusamu G2125+ S366T +
E3280Q npeobnanan B bpasunuu, Aprentune, HUpane.
[Toxoxas kapTuHa HaOIIOaNach B MOCIEA0OBATENBHO-
cTsx u3 Mpana, B kotopeix mytaumu G2125 + E3280
B m30yATax B95-8 ObUIM MIMPOKO PACIPOCTPAHCHEI, a
3ameHa S3667 He yuuThiBanach. JlaHHBIE MOCIENO-
BaTelbHOCTU He ObUIM AenoHupoBanbl B GenBank, u
pacyér ObUT MpPOU3BeNEH Ha OCHOBE MAaTEpUaloB CTa-
Teu B. Sarshari u coarrt. [22]. PacnpoctpanéHHOCTh
reHoBapuanTa B95-8 Ha JaHHBIX TEPPUTOPHX ObLIa
HEBBICOKON O CPaBHEHHUIO C APYTMMH Te€HOBapHaHTa-
mu LMP-1. [Ipyrad kaptuHa npezacrasieHa B EBpazun,
rae B95-8 sBnsercd 4acTO BCTpEYarolMMCs TeHOBa-
puanToM B OonbliMHCTBE cTpaH. [lpu aHanuze umero-
muxcd nocienosarenbHocteil B GenBank BeIsIBIEHO,
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YTO COBOKYMHOCTb MyTauuii G212S + E328Q Oblna xa-
pakTepHa i BceX u30ssAToB U3 CepOuu, OTHOCSIINX-
cs k B95-8. IlpumeuarensHo, uro myTtarus £3280, no
JAHHBIM POCCHHCKHX aBTOPOB, HE TUIIMYHA ISl €BPO-
NecKuX 00pasloB, a MIMPOKO paclpoCTpaHeHa Cpeau
nacenenus [lansaero Bocroka Poccuu [25]. B Huxkero-
poackux uzonAarax mytrauuu G2125 + S3667 + E3280
BCTpEUYANUCh B a0COIIOTHOM OOJIBIIMHCTBE MOCIEI0Ba-
TenpHOCTENH B95-8. MBI monaraem, 4o mocie 1999 r.
B MUpE NPOU30IILIA CMEHA UPKYISLUHI IPOTOTUITHOTO
reHoBapuanTa B95-8 Ha MOITUPULINPOBAHHBINA BApUAHT
¢ mytauusamu G212S + E3280Q + S366T. Hamu nipen-
TIOJIOKEHHSI TIOATBEPKAAIOTCS U OTCYTCTBHEM HH(DOp-
Malliy O JaHHBIX MyTalUsaX B TeHoBapuaHte B95-8 B
OJIHOM M3 MacIITabHbIX ucciaenoBanui 1999 r. [3]. Ha-
MH TakKe OBLIO IMOKa3aHo, 4To 3amena G212S B Mmoau-
¢unrpoBaHHOM reHOBapuante B95-8 spnsiercs pe3yib-
TaToOM PEeKOMOMHAIINU C MocienoBaTeabHoCThi0 CAO.
[[Iupokoe pacnpocTpaHeHHE MOCIEA0BATEIbHO-
creit B95-8 ¢ myrauusamu G212S + S366T + E3280
MOXET OBITh CBSI3aHO C TEHACHIMEH K pOCTy uucia
3a0oneBanumii, acconuupoBanHbix ¢ BOB. [lo nanHbIM
POCCHIACKHX aBTOPOB, POCT 3a00JIeBAEMOCTH UH(DEKIIN-
OHHBIM MOHOHYKJIC030M HAOJIIOAAETCS KaK B LIEJIOM I10
Poccuu, Tak 1 B Huxeroposckoii oonactu [26]. Pactér
YHCIIO cIy4aeB, TpeOyIOMHKX rocnuraiuzauuu [27].
JaHHasi TEHACHIUS MOXKET OBITh CBsI3aHa C BIIUS-
HueM 3ameH G212§ + S366T + E328Q nHa ¢dyHKUMO-
HAJIBHYIO aKTUBHOCTB Oesika LMP-1. 3amenst G2712S u
S§366T acconunpoBansl ¢ renoBapuanToM LMP-1 CAO.
N3BectHO, uTO reHoBapuant CAQO obnaaaer OoJbIIei
TpaHC(OPMALMOHHOH AKTUBHOCTBIO, Y€M T'€HOBapH-
auT B95-8 [25]. CyiecTByIOT HCCIEIOBAaHUS, COCpE-
JIOTOUCHHBIC HA U3YYCHUH BIUSAHUS MyTanmii G2125 +
S366T Ha GyHKIMOHATBHYIO AKTUBHOCTH '€HOBapHaH-
Ta B95-8 B KJICTOUYHBIX JHHUAX. Tak, B paboTe orede-
CTBEHHBIX aBTOPOB OBLIO MOKa3aHO, YTO FC€HOBAPHAHT
B95-8 ¢ 3amenamu G212S + S366T ycunuBaeT akTH-
BaIMIO TpPaHCKpUMLIMOHHOTO (akTopa NF-kB, koTopbIii
UrpaeT BaKHYIO POJIb B PETYJISIHMN KIIOYEBBIX (DYHKIUHI
KJIETKH, TAKUX KaK POCT M BBLDKHBAEMOCTH, CTapeHHUE
u omyxouseBas Tpancopmanus [23]. B npyroii padote
Moka3aHo, 4To mraMMm B95-8 mpu Hanmuum myranuu
G212§ + S366T neMOHCTPUPOBAJI CHU)KEHHYIO WIIU
YTpaueHHYI0 CHOCOOHOCTh aKTUBUpPOBaTh MUKpOPHK
(miR-155 u miR-193b), koTopsie UTparOT BAKHYIO
OB B Pa3IMYHBIX (PU3HOJOTHUECKUX W MATOJIOTHYe-
CKUX mpoiieccax [28]. BiusHue koMOMHAIIUY My TaIlHit
G2125 + E328Q + S366T na QpyHKUNOHANBHYIO aKTHB-
HocTh Oenka LMP-1 B95-8 emé npenctont u3y4urs.
WuTepecHo, uto 06a reHoBapuanta B95-8 ¢ my-
tanusamMu G212S5 + E3280 + S366T u NC ¢ 3ameHOl
D250N vumMenu CKOPOCTh JBOJIOLMH BBILIE, YEM Y
OCTAJIbHBIX T€HOBAPHAHTOB. J[aHHBIH (haKT MOXET 00b-
SCHATh BBICOKYIO pPacHpOCTpaHEHHOCTh T€HOBapHaH-
TOB B95-8 ¢ mytauuamu G212S + E328Q + S366T u
NC c 3amenoit D250N B onpenenéHHbIX peruoHax MU-
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pa. Hamu ObLiy monyyeHbl JaHHbIE, XapaKTepU3YIOLIHe
CKOPOCTb DBOJIIOLMH JIJIsl BCEH MCCIEAYeMOI BBIOOPKH
C-koHueBoro gparmenra rema LMP-1 BOB. Ckopoctb
sposonuu 2,32 X 10~ HyKICOTHIHBIX 3aMeH/CaiT/To
ObLIa HECKOJIBKO BBILIE IO CPAaBHEHHUIO CO 3HAUYCHHUSMU,
MOJTy4YeHHBIMU 71 TeHa LMP-1 npyruMu ucclienoBa-
tensiMd U3 ApreHtunsl U bpasumuun (8,591 x 107 u
3,8 x 107° 3aMen/caiT/ro COOTBETCTBEHHO). ITO MO-
XKeT OBITh CBS3aHO C TEM, YTO MTOTOBBIE PE3YJIBTATHI
CKOPOCTH 3BOJIIOLIUH OTPENEISIOTCS pa3MepoM BBIOOD-
KM U €€ COCTaBOM.

OTMeTHM, YTO IO pe3yibTaTaM Hallero MCCIeao-
BaHUs TEHOBAapUaHTHI BY5-8, a Taxxe Med—/Med+, He-
CylIie aMUHOKHUCIOTHYI0 3aMeny G212S, u China 1 ¢
MyTtanueid £214Q oTIMYanuch HaNWYHEeM PeKOMOMHA-
UM C APYTHMH IITAMMaMH U TEHOBapUAaHTaMH BHpYca
U XapaKTepH30BAIUCHh TEHACHIMEH K MIMPOKOMY pac-
MPOCTPAHCHUIO B MOMYJISLUH, YTO MOXET B JallbHEl-
IIEM OKa3bIBaTh BIIMSHHUE Ha 3BOJIOLMIO reHa LMP-]1.
B cBsi3u ¢ 3THM OCTaHOBHMCS Ha XapaKTEPUCTHKE yKa-
3aHHBIX MyTalui.

I'enoBapuantsl Med— n Med+ ¢ 3amenoit G212S
yaie oOHapy)KUBaJIU B TOCIIEAOBATEIbHOCTX, MOy~
YEHHBIX U3 Pa3HbIX PETMOHOB MHpa, M30JIMPOBAHHBIX
nocsie 1999 r. C BpICOKOM 4acTOTONW JaHHAs MyTalus
BCTpeYanach B M30JiATax Med, BbIICTICHHBIX Ha TEppU-
topuu Aprentunsl, bpasunuu, Cepouu, HMpana, a Tak-
e B HCCICJOBAaHHBIX HamMH u3omATax. [lomydeHHBIE
HaMH pe3yNbTaThl PEKOMOMHALMOHHOTO aHajn3a yKa-
3BIBAIOT Ha TO, yTO MyTaus G2/2S Takxke Moria BO3-
HUKHYTh B TeHOBapHaHTe Med— B pe3yJabTare peKoM-
OuHauuu ¢ nocaegoBarenbHocThIO mTamma CAQO. Ha
(UIIOTEHETHUECKOM JIepeBEe HUIKETOPOACKHE H3OJISTHI
Med— He 00pa3oBBIBaIM €IUHON Kialbl. DTO CBSI3aHO
C T€M, YTO JIJaHHBIH T€HOBAPUAHT OTHOCHUTCS K BBICOKO-
JUBEPTCHTHBIM.

PaHee B pPOCCHIICKHMX HCCIICIOBAHHUSAX pPacIpo-
cTpanéHHocTh MyTauuit G212S, S366T, E328Q He co-
OTHOCWJIM C ONpenenEéHHBIME T€HOBapHaHTaMU KJjac-
cudukaruu R. Edwards u coasr. [25, 29].

Menee pacnipoctpanéHHol Obia mytanust E2140,
xapakTepHas i reHoBapuanta China 1. Panee 3ame-
Ha E2]14Q Obina oxapakTepr3oBaHa B OTHOIICHHH ap-
TeHTHHCKOTO reHoBapuanta China [* u BcTpeudanach
HE3aBUCHMO OT TpyIn uccieaoBanusi B 79% (23/29)
m3oisaToB [20]. Mytauuto £274Q M. Gantuz u coasT.
OIMCHIBAIN KaK Pe3yJbTaT PEeKOMOMHAIIMK MEXIY ap-
TeHTUHCKUM TeHoBapuantoM China I* u mramMmmom
Raji, comepxaimuM 3Ty 3aMeHy B peepeHCHOU Imo-
CIIEIOBATENILHOCTH, U YTBEPXKIAJIH, YTO BBICOKAs pac-
npoctpanénnocts China 1* Moxet ObITh 00yCIOBICHA
TEHETHYECKUMH /MM UMMYHOJIOTHYECKUMH (hakTo-
pamu [20]. Mytanus £214Q BcTpedanach TakkKe B HU-
xeropozckux uzonarax China 1 8 50% (12/24) uzons-
TOB. B nccnenoBaHusax Ipyrux pOCCHUMCKUX aBTOPOB,
MPOBENEHHBIX paHee, TaHHbIE O PaCPOCTPaHEHHOCTH
mytauuu E214Q B wzonarax China I OTCYTCTBYIOT.
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[IpoBeacHHBIN HAMU PEKOMOWHAIIMOHHBIA aHAJIH3 10~
Kazal, yTo myTtauus E27/4(Q B HUKETOPOACKUX U30JI-
tax China I mosiBUiIachk B pe3yjbTare peKOMOMHAIMN
co mraMMmoM Raji. Mytanus E214Q pacnionoxeHa B
DSGxxS — kanonunueckoM Motuse (HOS-caiir). OtoT
caiiT BXoquT B coctaB E3-nmurassl, kKoTopas y4acTBYeT B
nponeccuHre momnexyinsl 1kB, sBmsromeiics cynpecco-
poM NF-kB [25]. ®yHKkunoHanpHas 3HaUUMOCTb 3aMe-
Hbl E214Q nns renoBapuanta China 1 TpeOyeT naib-
HEWILEero u3y4yeHus.

Takum 00pa3oMm, aHaJIM3 aMHHOKHCIOTHBIX IIO-
cnenoBarensHocTet LMP-1 rteHoBapuantoB B95-8,
NC, Med v China 1, nony4eHHBIX B Pa3JIMYHBIX PETHO-
HaX MUpA, BEISIBHI Psill cenr(UUecKux MyTalui, Ko-
TOpBIE TIPH ONPEACIEHHBIX YCIOBUAX (CHIDKEHUH MM-
MYHUTETa, BO3JCHCTBUN HEOIArONPUSATHBIX (aKTOPOB
OKpYKalolleil cpelbl) MOTYT OKa3bIBaTh BIMSHUE Ha
pasBuTHE U XapakTtep TeueHuss BOb-acconunpoBaHHBIX
3a00eBaHuii, B TOM 4Yuciie HHOEKIUOHHOTO MOHOHY-
KJIeo3a.

Hamre uccnenosanue, a Takxke padora M. Gantuz
1 coaBT. [20] nO3BOJIAIOT B3ISIHYTh C IPYTO CTOPOHBI
Ha yTBEepKIeHHEe 0 ToM, uTo C-KoHIIeBasi 00JIacTh reHa
u3MeHsiach 0e3 Kakoi-1100 UCTOPUU PEKOMOMHALIUU
10 CpaBHEHUIO ¢ N-KOHLIOM M TpaHCMeMOpaHHO# 00-
nacteto LMP-1, o 4éM ynoMuHaIOCh paHee B paboTe
JM. Burrows u coast. [30]. [losiBnenue O60IBIIOTO
pa3zHoo0pa3us HOBBIX MyTauui, creuuGuyHbIX AJIs
onpenenEHHbIX TeHOBAPUAHTOB, MOXET OBITH ciel-
CTBHEM PEKOMOHMHALINY, YTO MOJYEPKUBACT BAXKHOCTD
3TOTO0 MeXaHW3Ma JUIsl BOSHUKHOBEHHUS HOBBIX BapH-
aHTOB BHUpYCa.

3akniouyeHuve

Brepseie B Poccun Hamu mpoBeaéH ¢uinoanHa-
MHUYECKUN aHaIN3 MocienoBareabHocTell C-KOHIIEBOH
obnactu rena LMP-1 BDOB, u301upoBaHHbIX Y JeTeH C
WH(EKIMOHHBIM MOHOHYKIICO30M U 3/I0POBBIX BUPYCO-
HOCUTENEH.

Ilokxa3aHo, 4TO CKOPOCTH 3BOJIIOLIUU HUKErOpoI-
CKUX H30JIATOB B95-8 ¢ Habopom myrammid G212S +
E3280 + S366T u wzonaroB NC ¢ myrtauueit D250N
Obula BBINIE [0 CPaBHEHWIO C ONMMCAHHBIMU paHee B
JOpYTHX PETHOHAaX MHUpa, TakkKe Uil HUX OBUIO ompe-
JeTICHO BpeMsl LUpPKyasinuu obmiero mpeaka (1994 u
1923 IT. COOTBETCTBEHHO).

Cpeny HUXKETOPOACKHMX H30JSTOB  BBIIBIECHO
npeoOiiafaHue TOCIEAOBaTEIbHOCTEH, CoMepKalIuX
mTaMM-Hecnenn(uuHble aMHHOKHCIOTHBIE 3aMEHBI
G212S (B renoBapuantax B95-8 u Med-) n E214Q
(B renoBapuante China 1). Ilpu 3TOM OHHM XapakTepH-
30BAJIUCh HATMYHEM PEKOMOWHALNHN C IPyTUMH LITaM-
MaMHU, YTO MOXKET B IEPCIIEKTUBE CIIOCOOCTBOBATH (hop-
MHUPOBaHUIO HOBBIX BeTBeH aBonmtonuu resa LMP-1.

BrisBIeHHBIE HAMU MOJIEKYJISIPHO-TEHETUYECKUE
XapaKTepUCTUKU H30i1ITOB LMP-I oTpaxarmT oco-
oennoctu 3o BOB B Hukeroposckoii obnactu

(oTHOCHTCS K eBpomnelickoi yactu Poccun) u dpopmu-
POBaHUs €0 FeHETUUECKOro pasHooOpasus. IIpu stom
O0TMEYaeTcs HallpaBJIEHHOCTD 3BOMIONMY reHa LMP-1 B
CTOPOHY YBEJIMUYEHUS 4ACTOThl MYTAlMii, aCCOLMUPO-
BaHHBIX C MOBBIILIEHHON TpaHCPOPMUPYIOLIEH aKTHUB-
HOCTBIO BUpYCA.

ITonydyeHHble pe3yabTaTbl SBISIOTCS OCHOBOU
JUTSL IEPCIIEKTUBHBIX HCCIIEIOBAHUIN (PEHOTUITHMYECKUX
CBOMCTB BBIABICHHBIX MyTauuih LMP-1, OoLeHKH HX
KJIMHAYECKOW 3HAYMMOCTH U B3aHUMOCBSI3M C OCOOEH-
HOCTSIMH SIHeMHUYecKOro npouecca BOB-ungexnum.
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Abstract

Introduction. Stenotrophomonas maltophilia is an opportunistic pathogen that is intrinsically resistant to a wide
range of antibiotics. The bacterium is associated with a number of serious diseases and makes a significant
contribution to the pathogenesis of polymicrobial infections. S. maltophilia has a wide range of virulence factors,
information about which is currently presented in the form of scattered and unconsolidated data.

Purposes and objectives: critically analyze and summarize current data regarding the molecular-genetic
aspects of S. maltophilia virulence for better understanding of the pathogenesis of infections associated with this
pathogen.

Materials and methods. An analysis of information from 80 modern literary sources devoted to the study of the
virulent properties of S. maltophilia at the molecular-genetic level has been carried out. The analysis focuses on
the mechanisms of production of virulence factors and their genetic determinants.

Results.The molecular mechanisms of virulence that determine the infectious process caused by S. maltophilia
have been analyzed and summarized, including the adhesive function of the surface structures of the bacterial
cell (lipopolysaccharides, pili/fimbriae, flagella), the production of extracellular enzymes, the ability to form biofilms
on abiotic surfaces and on the tissues of the macroorganism, the functioning of efflux pumps, secretion of small
molecules into the external environment by the intercellular information exchange system Quorum Sensing, as
well as the influence of iron metabolism on the virulence properties of S. maltophilia.

Conclusion. The adaptation mechanisms that allow S. maltophilia to adapt to new habitat niches and survive
in the human body and unfavorable environmental conditions have been poorly studied. An analytical review
summarizing current information on the molecular-genetic aspects of S. maltophilia virulence will be of interest to
clinicians and researchers studying the fundamental mechanisms of virulence.
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MoneKkynapHoO-reHeTN4YeCKN NOPTPET BUPYNEHTHOCTU
Stenotrophomonas maltophilia

Mwuxainosunu B.M.', Teiigapos P.H.', bouapoga l0.A.%, Ye6oTapb 1.B.>*

"MIHCTUTYT MonekynapHoli buonorum um. B.A. dHrenbrapara, Mockea, Poccus;
2POCCMIACKUI HALUMOHAMNBHBIN NCCNIEfOBATENbCKUI MeANLUHCKNIA yHUBepcuTeT umeHn H.W. Muporoea, Mockea, Poccusa

AHHOMauus

BBepeHue. Stenotrophomonas maltophilia sBnsieTcsi yCrnoBHO-NATOreHHbIM MUKPOOPraHn3moMm, obrnagarowmm
NPUPOAHON YCTONYMBOCTLIO K LLIMPOKOMY CMEKTPY aHTMONOTHKOB. BakTepums accounmpoBaHa C psifoM CEpPbE3HbIX
3aboneBaHnii U1 BHOCUT 3HAYMMbINA BKNad B NaToreHe3 nonMMmMKpobHbIX Hdbekunii. S. maltophilia obnagaet wun-
POKMM HabopoMm (PaKTOPOB BUPYINEHTHOCTU, MHOPMALIMS O KOTOPbIX K HACTOSALLEMY BPEMEHW NpeacTaBrneHa B
BMAE pa3pO3HEHHbIX 1 HEOBOBLLEHHBIX AaHHbIX.

Llenn n 3apgaum: KpuTMYECKU npoaHanuavpoBaTb U 0600WNTL akTyanbHble JaHHbIe, 3aTparvBarolime More-
KyNsipHO-TEHETMYECKNe acnekTbl BUpyneHTHoctn S. maltophilia, pna 6onee rmy6okoro NOHMMaHWA naTtoreHesa
WH(EKUNIA, CBA3AHHBIX C 3TUM BO3OyauTenem.

Marepuansi u Metoabl. BeinonHeH aHanus nHdopmauum 13 80 coBpeMeEHHbIX NMUTEpPaTYPHbIX UCTOYHUKOB, MO-
CBSILLEHHBIX M3YyYEHWIO BUPYNEHTHbLIX CBONCTB S. maltophilia Ha MonekynsapHO-reHeTU4eckoM ypoBHe. AHanua
CCOKYCMPOBaH Ha MexaHW3Max NpoAaykuun hakTopoB BUMPYNEHTHOCTM U ONPeaensownx X reHeTU4eCcKMX ae-
TepMUHaHTax.

Pe3ynbratbl. [MpoaHann3mpoBaHbl U 0006LLEHbI MONEKYNSAPHbIE MEXaHU3Mbl BUPYNEHTHOCTU, AETEPMUHMPYHO-
Lne BbI3BaHHbIN S. maltophilia NHHPEKUMOHHBIN NpoLEeCcC, BKMoYas aare3avBHy YHKLNIO NOBEPXHOCTHbIX CTPYK-
Typ GakTepunanbHOW KneTku (nMnononucaxapuapbl, Nunu/pumbpum, dnarennsl), NPOAYKUMIO BHEKNETOYHbIX 3H-
31MMOB, CNOCOBHOCTL hopMMPOBaTL BUONNEHKN HA aBMOTNYECKMX MOBEPXHOCTAX U Ha TKaHAX MakpoopraHm3va,
dyKLUMoHUpoBaHNe 3dpprroKC-NOMM, CEKPELIMIO BO BHELLHIOW Cpeay MarbiX MOMEKYI CUCTEMOWN MEXKIETOYHOrO
obmeHa mHdopmaumerr Quorum Sensing, a Takke BNUsiHUE MeTabonuama kenesa Ha BUPYIEHTHbIE CBOWCTBA
S. maltophilia.

3aknro4veHue. AganTaumoHHble MexaHU3Mbl, no3sonsowme S. maltophilia npucnocabnmeaTbCs K HOBbIM HULLAM
o6uTaHusA, BbIXXMBaTb B OpraHn3mMe YerioBeka 1 HebrnaronpusTHbIX YCIIOBUSIX OKpYXKatoLeln cpeabl, N3ydeHbl He-
[0CTaTo4HO. AHanuTMYeckmn 063op, 0600bLLaLLui akTyanbHbIe CBEOEHNSI O MOMNEKYNAPHO-TEHETUYECKMX acrek-
Tax BMpYNeHTHocTW S. maltophilia, 6yneT UHTEPeCceH KNUHWYECKUM crieumnanucTamM u nccnegoBaTtensiM, usyyato-
LWMM byHOAMEHTanbHble MEXaHU3Mbl BUPYNEHTHOCTMU.

KnroueBble cnoBa: Stenotrophomonas maltophilia, ¢hakmopbi eupyneHmHocmu, adz2e3uHbl, 6uonnéHKu,
Quorum Sensing

HcmoyvHuk ¢puHaHcupoeaHus. Pabota BbinonHeHa npu duHaHCOBOW nogaepxke MuHucTepcTBa 34paBoOXpaHe-
Hus Poccunckon ®enepaummn no MNocyaapctBeHHOMY 3adaHunio «MoneKkynspHO-reHeTU4eckne MexaHu3ambl BO3HUKHO-
BEHUS W yTpaTbl aHTUOMOTMKOPE3UCTEHTHOCTU Y aKTyarbHbIX ONMOPTYHUCTUYeckux natoreHoB» (EMMCY HUOKTP
Ne 121060200152-8).

KoHgbnnukm uHmepecos. ABTOpbI [eKNapupyoT OTCYTCTBUE SBHbIX M MOTEHUMAaNbHbIX KOH(MMKTOB UHTEPECOB, CBS-
3aHHbIX C Nybrnvkaumen HacTosLLen cTaTbu.
Ana yumupoearus: Muxavnosud B.M., lengapos PH., Boyaposa 0.A., Yebotapb .B. MonekynsapHo-reHeTnyeckuni

nopTpeT BUpyneHTHocTn Stenotrophomonas maltophilia. KypHan mukpobuonoauu, anudemuono2uu u UMMyHobuos1o-
euu. 2023;100(5):380-390. DOI: https://doi.org/10.36233/0372-9311-417 EDN: https://www.elibrary.ru/uvszan

Introduction nus Stenotrophomonas includes three species. Modern

Stenotrophomonas maltophilia is a gram-negative
microorganism that is widespread in nature and is often
isolated from water sources, soil, and plant and animal
samples [1]. According to the Bergey's Manual', the ge-

! Palleroni N.J. Stenotrophomonas // Bergey’s Manual of
Systematic of Archaea and Bacteria. URL: https://onlinelibrary.
wiley.com/doi/10.1002/9781118960608.gbm01237

© Muxarnosuy B.M., lenpapos P.H., Bovaposa t0.A., Ye6oTtapb W.B., 2023

alternative taxonomic resources attribute to this genus
at least 19 species, which demonstrate a wide variety
of metabolic pathways, as well as genetic and pheno-
typic heterogeneity both within the genus and between
strains of each individual species [2—4].

S. maltophilia is well adapted to exist in a variety
of habitats, including environments with a low content
of nutrient substrates, is capable of utilizing a wide
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range of carbon sources (including trichlorethylene,
gasoline, chloroform), and is naturally resistant to salts
of heavy metals [5, 6].

S. maltophilia is an opportunistic agent that is in-
trinsically multidrug resistant to a wide range of antibi-
otics. The microorganism is associated with a number
of serious diseases and is isolated in respiratory and
urological infections, bacteremia, endocarditis, etc. [7].
The bacterium is also of interest as an active member of
polymicrobial bacterial communities, which affects the
metabolism of surrounding microorganisms, including
through antagonistic suppression of representatives
of other species (interspecific antagonism). A notable
example of such a community is observed in cystic fi-
brosis, where S. maltophilia colonizes the respiratory
tract of patients and often coexists with Pseudomonas
aeruginosa, Staphylococcus aureus, Haemophilus in-
fluenzae, Burkholderia cenocepacia, nontuberculous
mycobacteria, efc. [8, 9].

The pathogenetic basis of the bacterium is de-
termined by virulence factors — molecular structures
that ensure the development of the infectious process.
S. maltophilia has a fairly wide range of virulence fac-
tors (or factors potentially associated with virulence),
which include the surface structures of the bacterial cell
(lipopolysaccharides (LPS), pili/fimbriac and flagella,
the production of extracellular enzymes (in particular,
proteases, elastases, lipases, DNases and RNases, fibri-
nolysin), the ability to form biofilms on abiotic surfaces
and on tissues of the macroorganism and secrete small
molecules into the external environment through QS
(quorum sensing) systems called “diffusible signal fac-
tor” — DSF) [6, 11].

Adhesins as a virulence factor

The key stage of the initial microorganism-host
interaction is adhesion, i.e. the attachment of a bacteri-
um to the cells of the macroorganism's tissue. Already
at the adhesion phase, bacteria initiate their own bio-
chemical processes aimed at proliferation, invasion,
secretion of toxins and activation of response signaling
cascades of host cells.

Bacterial adhesion factors (adhesins) are repre-
sented by proteins and LPS. Protein adhesins are divid-
ed into fimbrial and afimbrial. Lipopolysaccharide and
polysaccharide adhesins are associated with the cell
membrane (cell wall, outer membrane and capsule). It
should be noted that the functions of LPS in pathogen-
esis are not limited to the primary “bacterium-macro-
organism” interaction: their significant role remains at
subsequent stages of the infectious process.

LPS (endotoxin) of S. maltophilia consists of lip-
id A, core oligosaccharide, and O-antigen (O-polysac-
charide) [12, 13]. Lipid A in LPS is a potential inducer
of tumor necrosis factor alpha (TNF-a) production by
macrophages, as demonstrated by V.J. Waters et al. in a
mouse model [14]. Despite the relatively low invasive-

ORIGINAL RESEARCHES

ness of S. maltophilia, the level of TNF-a after stimu-
lation of the RAW macrophage cell line with purified
lipid A of S. maltophilia was significantly higher than
the level obtained when stimulated with lipid A isolat-
ed from the reference strain P. aeruginosa PAO1 [14].
Core oligosaccharides play an important role in the for-
mation of LPS structure and, consequently, virulence. It
has been established for many microorganisms that de-
fective forms of core oligosaccharides lead to a signifi-
cant decrease in virulence or the emergence of avirulent
strains, for example, P. aeruginosa [15] and Bordetella
bronchiseptica [16]. An equally important contribution
to the formation of virulence is made by O-antigens,
the complete loss of which or the presence of defects
in their structure due to impaired biosynthesis can re-
duce virulence of the microorganism, which has been
demonstrated, in particular, in species Burkholderia
pseudomallei [17], P. aeruginosa [15], Brucella abor-
tus [18]. LPS from different S. maltophilia strains are
highly heterogeneous: at least 31 O-antigen variants are
known [19].

A number of genes are involved in the proces-
ses of sugar metabolism and their incorporation into
LPS in S. maltophilia. The spgM gene, encoding the
bifunctional enzyme phosphoglucomutase/phospho-
mannomutase, is similar to the algC gene responsible
for the synthesis of alginate in P. aeruginosa [13, 20].
Two operons play an important role in the biosynthe-
sis of O-antigen: rm/BACD and xanAB. T.P. Huang et
al., having performed SDS-PAGE analysis of purified
LPS from S. maltophilia strains with mutations in the
rmlA, rmlC and xanB genes, found that these genes are
directly involved in the control of O-antigen biosynthe-
sis, and the xanB gene is also involved in the synthesis
of the core component of LPS [21]. The authors showed
that both operons also influence the synthesis of exo-
polysaccharides produced by S. maltophilia, which are
key components of biofilms.

In addition to surface LPS, flagella are involved
in the adhesion stage. S. maltophilia has from one to
several flagella located at the pole(s) of the bacterial
cell, which, in particular, contribute to the primary at-
tachment to the cells of the tracheal mucosa of mice and
induce a specific immune response of the macroorgan-
ism [22, 23]. When BALB/c mice were infected with
purified flagellin S. maltophilia, an increased level of
cytokines was recorded in the animals after 4 hours:
interleukins (IL)-1B, -10 and TNF-a. The number of
neutrophils, leukocytes and monocytes also increased,
which increased nonspecific protection of mice against
both S. maltophilia and Staphylococcus aureus [24].

A. Pompilio et al. compared the severity of the
disease in mice after aerosol infection with a wild strain
of S. maltophilia SM111 and a mutant variant (Affil)
lacking flagella. The authors found no statistically sig-
nificant differences in animal weight loss, lung tissue
damage, or mortality rates, although TNF-o values



KYPHAJ1 MUKPOBUOJIOTUN, SMTMAEMNONOTUU N UMMYHOBUOJOIMI. 2023; 100(5)

DOI: https://doi.org/10.36233/0372-9311-417

383

OPUTVHANbHbBIE NCCJTIEAOBAHNA

were higher in animals infected with the wild strain.
Finally, the authors made a peculiar assumption that the
presence of flagella (and therefore motility) may not be
associated with the virulent properties of S. maltophi-
lia in the pathogenesis of lung diseases [25]. It is hy-
pothetically possible that during a chronic infection, a
microorganism lacking such a significant immunogen-
ic factor as flagellin will have advantages by reducing
the host’s immune response from patients with cystic
fibrosis, which, in particular, was observed in non-fla-
gella-producing strains of P. aeruginosa [26]. Howev-
er, most studies indicate a positive correlation between
motility and primary adhesion, e.g. [22, 23, 27]. Appar-
ently, the above-mentioned assumption about the ab-
sence of a relation between the presence of flagella and
the virulent properties of S. maltophilia can only apply
to later, chronic stages of infection, when the stages of
adhesion of the microorganism preceding the disease
have already been completed.

The motility of S. maltophilia and the level of
flagellin expression depend on environmental factors
and are controlled by a complex and incompletely un-
derstood genetic system. It has long been established
that cyclic diguanosine monophosphate (c-di-GMP), an
important signaling molecule (second messenger) that
controls the physiology of the microorganism, its mo-
tility and the process of biofilm formation, is involved
in the regulation of expression [28]. High c-di-GMP
concentration in the cell is associated with decreased
motility [29].

The intracellular concentration of c-di-GMP is
regulated by changes in the activity of two classes of
enzymes: diguanylate cyclases and phosphodiesterases.
The former synthesize c-di-GMP from 2 molecules of
guanosine triphosphate, and phosphodiesterases hydro-
lyze c-di-GMP to linear diguanosine monophosphate or
guanosine monophosphate (GMP) [30-32].

For a number of microorganisms, some genetic
determinants are known, the so-called master regula-
tors and their homologues, which initiate and regulate
the expression of flagellin genes, for example, Fir4
(FleQ) in P. aeruginosa and Vibrio cholera, flaK and
flaM in Vibrio parahaemolyticus [33-36]. For S. malto-
philia, the mechanisms by which c¢-di-GMP controls
the synthesis and number of flagella remain poorly un-
derstood, and only a few studies are devoted to the fun-
damental aspects of their functioning.

In 2014, J. Yang et al. found that the regulation
of the expression of flagellar genes in S. maltophilia
is carried out by the master regulator FleQ (Smlt2295)
homologous with P. aeruginosa [37]. This transcription
factor (enhancer-binding protein), acting in complex
with the putative ATPase FleN, is inhibited by binding
to c-di-GMP, which in turn leads to a decrease in flagel-
lar gene expression and promotes the initiation of bio-
film formation. In the absence of ¢c-di-GMP, i.e. in the
unbound state, the situation is reversed: FleQ promotes

increased expression of flagellins and, accordingly, re-
duces the ability to “sedentary” way of vital activity in
biofilms.

W. Liu et al. have demonstrated a correlation be-
tween increased expression of the BsmR gene (regula-
tory protein, phosphodiesterase with an EAL-binding
domain) and increased motility, as well as decreased
aggregation ability in the S. maltophilia strain CGMCC
1.1788 [38]. Thus, BsmR acts as a negative regulator of
biofilm formation. The BsmR operon controls the ex-
pression of at least 349 genes, 34 of which are involved
in flagellin synthesis under the positive regulation of
the transcription factor FsnR, which initiates transcrip-
tion by binding to the promoter regions of two operons:
Smit2303 and Smit2318 [39, 40].

In 2022, X. Zhang et al. analyzed genes potential-
ly affecting c-di-GMP levels in S. maltophilia, namely
those encoding proteins containing the GGDEF, EAL
and HD-GYP domains [41]. The authors found 33
genes with the desired sequences in the genome of the
microorganism and constructed mutant strains with in-
activated genes. 13 out of the 33 mutant strains had re-
duced motility, indicating the potential role of the corre-
sponding genes in its regulation. In addition, as a result
of the analysis of diguanylate cyclases and phosphodi-
esterases, the authors identified a new Fe?*-dependent
phosphodiesterase SisP, which, with an increase in the
concentration of iron cations, increased its enzymatic
activity in direct proportion, i.e. hydrolyzed c-di-GMP
in a dose-dependent manner.

Type 1 fimbriae (SMF-1) play the role of adhesins,
ensuring the attachment of S. maltophilia to epithelial
cells. In particular, adhesion to biotic and abiotic sur-
faces has been shown to be inhibited in the presence of
anti-SMF-1 antibodies [42]. Fimbriae are also involved
in haemagglutination and biofilm formation and [42]
the administration of fimbrin to BALB/c mice stimu-
lated the production of IL-1p, TNF-a and an increase in
phagocyte activity in them [43]. It should be noted that,
in contrast to clinical isolates, S. maltophilia strains
isolated from the environment lacked such fimbriae
[44], which suggests their significant role in adhesion/
colonization of the respiratory tract in patients with
cystic fibrosis. The production of fimbriae in S. malto-
philia is controlled by the operon Sm/t0706—Smit0709
[45]. Although the amino acid sequences of fimbrin in
S. maltophilia are similar to those of pathogenic E. coli
strains, the N-terminal region of the SMF-1 protein in
S. maltophilia differs significantly from other bacterial
families (50-61% agreement), which suggests a fairly
strong phylogenetic distance of this species [42].

Type IV pili also play an important role in the ad-
hesion of S. maltophilia to biotic and abiotic surfaces,
including the biofilm formation [46]. Despite the fact
that type IV pili are considered by many authors as an
important virulence factor, no significant correlations
between virulence and the presence of the pi/ gene
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family associated with pili formation were found in
S. maltophilia. The phenomenon of the formation of
more massive biofilms in strains with increased motili-
ty was described by A. Pompilio et al., but this phenom-
enon was observed in a small sample of strains isolated
from sputum samples of patients with cystic fibrosis [5].
Of the 9 strains studied that were not motile, only 2 did
not form biofilms. The authors concluded that motili-
ty was not a necessary factor influencing the ability to
form biofilms. At the same time, S. maltophilia strains
isolated from other diseases had an increased ability to
form biofilms in comparison with isolates from patients
with cystic fibrosis. Obviously, it should be clarified
here that many authors mean by motility both “swim-
ming activity” and “twitching” of the bacterial cell.

Secretion systems and extracellular enzymes

Clinical strains of S. maltophilia produce sidero-
phores, proteases (StmPr1-4), lipases (including phos-
pholipases C and D), nucleases, gelatinase, elastase,
fibrolysin/streptokinase, esterases, hyaluronidases,
hemolysin and cytotoxins, which act as virulence fac-
tors and promote colonization and persistence of the
microorganism, participating in adhesion, damage and
destruction of host cells, capture of iron ions necessary
for bacterial reproduction [47, 48].

Based on genome sequencing data, of the 9 known
bacterial secretion systems, systems of types L, I, IV, V
and VI were found in S. maltophilia [45, 49, 50]. While
the role of secretion systems in the formation of viru-
lence is well known for many microorganisms, it was
described in sufficient detail for S. maltophilia only for
systems of types II (Xps type II) and IV.

The clinical strain of S. maltophilia K279a has
a T2SS system (gsp and xps genes), through which at
least 7 proteins are secreted, including three serine pro-
teases StmPr1-3, which cause a cytotoxic effect in lung
epithelial cells, degradation of fibronectin, fibrinogen
and IL-8 [51, 52]. The StmPr4 protease produced by
S. maltophilia is also known, but its functional role has
not been clarified yet [53, 54].

S. maltophilia produces 13 potential antibacteri-
al effector proteins. At the same time, the nucleotide
sequences encoding them are highly conserved for
different strains of S. maltophilia [55]. These effectors
are produced by the type IV secretion system (T4SS),
which is found in both strains isolated from natural
sources and clinical isolates of S. maltophilia [56]. This
system, called VirB/D4 T4SS, is similar to T4SS in bac-
teria of the closest genus, Xanthomonas, and is encoded
by the chromosomal genes virB1-virB11 and virD4.
Effector proteins are secreted by the T4SS system into
the environment or by direct contact immediately into a
competing bacterial cell, thereby realizing interspecific
antagonism.

The interspecific antagonism inherent in S. malto-
philia was elegantly described by M.Y. Nas et al. [56].
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The authors showed that S. maltophilia strains, using
T4SS, caused the death of the natural isolate of P. aeru-
ginosa 7700, P. aeruginosa PAO1 and P. aeruginosa
PAK strains. Interestingly, S. maltophilia also affects
some other species of the genus Pseudomonas, but very
selectively. For example, S. maltophilia kills P. men-
docina, but not P. fluorescens, P. putida or P. stutzeri.

It is noteworthy that from the above-mentioned
13 antibacterial effectors of S. maltophilia, two poten-
tial proteins were isolated — RS14245 and RS14255,
which have bactericidal properties against representa-
tives of the genera Pseudomonas and Escherichia. The
effectors RS14245 and RS14255, neutralized using
blocking proteins, when added to the medium, did not
lead to the death of laboratory and clinical strains of
P aeruginosa and E. coli. Mutant strains lacking these
proteins or the T4SS system had significantly reduced
bactericidal properties [55].

The data obtained are interesting from various
points of view. On the one hand, the secretion of effec-
tors that suppress other bacterial species is a significant
factor that increases the virulence of S. maltophilia; on
the other hand, the isolation and study of such effec-
tors can potentially be used to create new antimicrobial
therapeutics for targeted therapy of infections caused
by Pseudomonas and Escherichia.

It should be noted that the T4SS system is used by
S. maltophilia not only for competitive interspecific in-
hibition. The products of this system also perform other
important functions — they inhibit the apoptosis in host
epithelial cells and initiate it in macrophages [56].

Biofilms

During the biofilm formation, the primary adhe-
sion (weak reversible attachment) of planktonic coun-
terparts of S. maltophilia occurs within 30—60 minutes.
The second stage develops after 4 hours, at which the
microorganism is firmly attached to the surface with
the participation of semi-flexible fimbriae, flagella fil-
aments and surface LPS. The attached cells begin to
produce exopolysaccharides, forming the extracellu-
lar matrix, and after approximately 10 hours they form
the first surface microcolonies. After 18-24 hours, the
process enters the third stage, at which cell differentia-
tion occurs in the maturing biofilms, microchannels are
formed for the transport of water, salts, nutrients and the
exchange of communication signaling molecules (QS),
which will be discussed below. At the last stage, mature
biofilms gradually “bud off” planktonic counterparts of
bacteria, which, due to their inherent motility, begin to
spread and colonize new niches [20].

In 2020, L. Ramos-Hegazy et al., having analyzed
the library of mutant transposons they had created,
identified the GpmA gene encoding phosphoglycerate
mutase, a glycolytic enzyme potentially involved in
the initial stages of biofilm formation both on polysty-
rene and on human bronchial epithelial cell lines [57].
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S. maltophilia strains with the knocked out GpmA gene
had a significantly reduced rate of biofilm formation
in the first hours compared to the wild-type strain. In-
terestingly, after 6 hours, the difference in the rate of
biofilm formation in the wild and mutant strains was
completely leveled, which suggests the participation of
the GpmA gene as a mediator at the initial stages of
adhesion and biofilm formation [57, 58].

A. Pompilio et al. analyzed 85 strains isolated
from both cystic fibrosis patients and other infections.
The vast majority of all strains (88.2%) formed biofilms
in the plate test. At the same time, strains associated
with cystic fibrosis demonstrated lower optical densi-
ty of biofilms, but had greater multiple resistance in
comparison with “non-cystic fibrosis” strains [59]. It is
likely that enhanced biofilm formation may serve as a
protective survival mechanism specifically for suscep-
tible microorganisms.

The analysis of transcriptomic profiles of cells
from biofilms (in comparison with planktonic counter-
parts) showed that only a relatively small proportion of
genes are involved in the transition to existence in bio-
films: the expression level decreases in 1-3% of genes
and increases in 6-9% of genes [60]. Nevertheless, the
analysis of the available information on the role of nu-
merous virulence factors leads to the conclusion that
the transition of cells from the planktonic lifestyle to
the “sedentary” one in biofilms is initiated by many
mechanisms that require further study.

Efflux pumps as virulence factors

As a rule, the efflux pumps are considered to be
among the mechanisms that provide microorganisms
with resistance to antimicrobial therapeutics. In the
meantime, the functions of some types of efflux pumps
are broader — they go beyond the scope defined by the
term “antibiotic bacterial resistance” and are involved
in the molecular mechanisms of the formation of viru-
lence properties.

The efflux pumps contribute significantly to the
natural resistance of S. maltophilia to antimicrobial
therapeutics. Pumps of various types found in bacteria
remove a wide range of therapeutics: fluoroquinolones,
tetracycline and doxorubicin under the control of the
SmrA pump; aminoglycosides, macrolides and poly-
myxins — through the MacABCsm pump belonging to
the same family of ABC (from ATP-binding cassette)
pumps [61].

The EmrCABsm pump from the MFS (major fa-
cilitator superfamily) transporter superfamily is respon-
sible for the removal of nalidixic acid, erythromycin,
carbonyl cyanide-3-chlorophenylhydrazone and tetra-
chlorosalicylanilide) [62]. FusA (ABC type) removes
fusaric acid [63]. In addition, S. maltophilia has 8 types
of RND-type pumps (Sme*), for 7 of which (except
SmeMN) their role in the formation of antibiotic bac-
terial resistance has already been established. In addi-

tion to the antimicrobial therapeutics listed above, they
are also involved in the transport of sulfamethoxazole,
chloramphenicol, trimethoprim and trimethoprim-sul-
famethoxazole [64].

It is interesting to note that, besides the known
(and currently considered the main) function of remov-
ing xenobiotics from the bacterial cell, the efflux pumps
SmeYZ and MacABCsm also influence the formation
of flagella, the motility of S. maltophilia and the forma-
tion of biofilms. At the same time, MacABCsm differs
from homologous pumps of other microorganisms. In
particular, the expression of its operon is constitutive,
of an “innate” nature, and the pump has its own original
outer membrane protein MacCsm. In addition, in com-
parison with the homologous MacAB-TolC pump from
E. coli, it has, as already noted, an expanded spectrum
of excreted anitibiotics, including macrolides, amino-
glycosides and polymyxins [61].

Another noteworthy function of the efflux pumps
was described by C.J. Wu et al., who showed that the
SmeYZ, SmeDEF and SbiAB pumps influenced the se-
cretion of the siderophore stenobactin and the utiliza-
tion of iron ions [65].

For some microorganisms, the role of the efflux
pumps, in particular, their outer membrane structures —
porins, in increasing the invasive properties of bacteria
[66] and protecting the latter from phagocytosis [67],
has been demonstrated, but such information has not
been published for S. maltophilia.

Newly obtained data indicate that our current un-
derstanding of the main function of the efflux pumps,
which is limited only to the removal of xenobiotics
from the cell, is not an absolute dogma and requires
critical revision and further study.

Relationship between virulence factors

and iron availability

Iron is a vital element for the normal metabolism
of non-glucose-fermenting gram-negative bacteria, in-
cluding S. maltophilia. Competition for iron between
bacteria and the host cells in chronic infections can
negatively affect the host cells. The capture of iron by
bacteria can be accompanied by both local tissue dam-
age and systemic damage, for example, severe anemia.
Therefore, systems that ensure the capture and transport
of iron into the bacterial cell are considered to be signi-
ficant virulence factors [68].

Siderophore- and heme-mediated transport sys-
tems of iron ions into the bacterial cell were found in
S. maltophilia. The entAFDBEC operon encodes the
synthesis of the siderophore enterobactin, which be-
longs to the class of catecholamines, binding and trans-
porting Fe*" into the bacterial cell. The heme-mediated
system is under the control of the 4ghBC and probably
hmuRSTUV operons [69].

It is very interesting that the iron capture system
is not only a virulence factor itself, but can also in-



386

JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2023; 100(5)

DOI: https://doi.org/10.36233/0372-9311-417

duce the activity of other mechanisms responsible for
virulence properties. This occurs when there is a de-
ficiency of iron in the environment. For example, the
microorganism becomes more virulent in lung tissue in
the presence of human iron-binding proteins (transfer-
rin, lactoferrin) in the microenvironment, which reduce
the level of free iron in the environment [70, 71]. In
particular, under iron deficiency, the reference strain
S. maltophilia K279a produced an increased amount
of exopolysaccharides, DSF signaling molecules and
formed thicker and more massive biofilms [69, 71]. It
has been established that the iron supply system Fur
and the transcriptional regulator o-factor are involved
in the regulation of this metabolic change, and the mi-
croorganism’s response to oxidative stress and the se-
cretion of extracellular enzymes potentially depend on
the bioavailability of iron [69, 71].

System Quorum Sensing

Like most gram-negative bacteria, S. maltophilia
(in particular, reference strain K279a) has a QS sys-
tem — unique signaling mechanism for intercellular
bacterial information exchange [72]. The system is
in charge of the production of extracellular signaling
molecules called autoinducers, their detection and re-
sponse (changes in the expression of certain genes) to
the emergence of signaling molecules in the environ-
ment. Autoinducers accumulate in the environment,
and when a certain threshold concentration is reached,
the surrounding bacterial cells are able to detect them.
Through this exchange of signaling molecules, cells
regulate their metabolic mechanisms responsible for
colonization and virulence, including changes in motil-
ity, biofilm formation, production of extracellular effec-
tors and resistance properties [73, 74].

T.P. Huang et al. found that the main molecule in
the QS system of S. maltophilia is the autoinducer DSF,
which is cis-A2-11-methyl-lauric acid, a monobasic
saturated fatty acid, the synthesis of which is regulated
by the rpfF and rpfB (from regulation of pathogenici-
ty factors) genes [72]. The rpf gene cluster, a regulator
of virulence factors, is responsible for the synthesis of
own DSF and recognition of “foreign” signaling mole-
cules, for which two variants are known: rpf1 and rpf2,
dividing the entire population of S. maltophilia into
pheno- and genotypically different subpopulations [74].
The rpf cluster encodes the synthesis of RpfF synthase
and the two-component RpfC/RpfG system, which are
responsible for the detection and transduction of DSF.
In its active form, RpfG phosphodiesterase hydrolyzes
c-di-GMP to linear GMP, thereby regulating the expres-
sion of a number of virulence genes [75]. It should be
noted here that only strains with the 7pf~1 gene variant
are initially able to produce DSF in detectable quanti-
ties without an external stimulus and, therefore, control
the biofilm formation, as well as the motility and viru-
lence of surrounding bacteria [74, 76]. In strains with
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rpf-2, the N-terminal (sensory) end of RpfF synthase is
shortened. It is assumed that such strains with a reduced
sensor domain require preliminary activation from the
outside (for example, under the influence of DSF from
other bacteria or from S. maltophilia strains with the
rpf-1 system) to produce their own signaling molecules
(DSF) into the environment [76].

It is interesting to note that strains carrying the
rpf-2 gene variant (particularly genogroups C) exhibi-
ted greater levels of resistance to colistin and increased
virulence against Galleria mellonella wax moth larvae,
which are used as one of the models for assessing viru-
lence. Apparently, this is due to the increased ability of
rpf-2 strains to form biofilms [77]. At the same time, an-
other model for determining virulence, which uses the
Caenorhabditis elegans nematode, did not reveal such
an association [77]. Genotyping and identification of
the rpf variant are useful and important tools for epide-
miological monitoring, which should take into account
that S. maltophilia strains can potentially exchange rpf
clusters through recombination during horizontal trans-
fer of genes [76].

It has been fond that S. maltophilia has a two-com-
ponent signal transduction system called BfmA-BfmK
(Smlt4209—-Smlt4208). The BfmA transcription factor
included in the system binds to the bfmA—bfmK pro-
moter region and Smlt0800 (acoT), a gene encoding
acyl-coenzyme A thioesterase, which is associated with
biofilm formation [40].

Unlike P. aeruginosa, no full-fledged canonical
LuxI/LuxR QS system based on signaling molecules of
acyl-homoserine lactones has been found in S. malto-
philia. However, R. Martinez et al., having performed a
comparative analysis of genomes, showed that S. malto-
philia has a gene Smit1839, similar to the LuxR regu-
lator, encoding the SmoR regulator (Stenotrophomonas
maltophilia orphan regulator), which in vitro bound the
synthetic lactone oxo-C8- HSL, a natural analogue of
which is synthesized by P. aeruginosa. The addition of
pooled supernatant of the medium on which P. aeru-
ginosa, which produces lactones, was cultivated, gave
an impetus to increased motility of S. maltophilia on
Petri dishes [78]. In other words, despite the absence of
the canonical LuxI/LuxR system, its own homologous
intercellular exchange systems allow S. maltophilia to
recognize QS-signaling molecules of other species with
the LuxI/LuxR system. It is hypothetically possible that
these systems are associated with the T4SS and, under
certain conditions, can initiate the secretion of effec-
tors aimed at inhibiting the growth of competitors (see
above).

When considering the DSF system in S. malto-
philia, it is worth mentioning the phenomenon of se-
cretion through outer membrane vesicles [79]. Vesicles
are small nanostructures secreted by bacteria that are
capable of transporting nucleic acids, proteins and oth-
er small molecules, such as B-lactamases. S. Devos et
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al. found that the secretion of these vesicles was dra-
matically increased by S. maltophilia in the presence of
imipenem [80]. The composition of the detected mole-
cules carried in them is also interesting: these were two
types of beta-lactamases encoded by chromosomes,
outer membrane proteins and flagellins SmIt0387 and
Smlt0184. These flagellins are homologues of Ax21, a
protein that influences motility and biofilm formation
in Xanthomonas oryzae. The functional role of this pro-
tein for S. maltophilia has not been established yet, but
it is assumed that its secretion is initiated by DSF. The
system of secretion through vesicles is classified as a
potential virulence factor based on data that it affects
the motility and biofilm formation of X. oryzae [81].

Conclusion

In the last decade, close attention has been paid
to the study of the mechanisms of virulence of S.
maltophilia. The natural multidrug resistance of the
microorganism, its rapid adaptation to unfavorable en-
vironmental conditions and to new habitat niches, the
graceful switching of metabolic processes by the bacte-
rium — all this is of considerable interest both to spe-
cialists studying the fundamental mechanisms of viru-
lence and to clinical researchers.

When discussing the virulent properties of S. mal-
tophilia, it is necessary to take into account that this
bacterium is characterized by pronounced intraspecif-
ic variability: strains isolated in one hospital and even
from one patient can belong to fairly distant phyloge-
netic groups and have different phenotypes [4]. The
rapid accumulation of adaptive mutations arising under
the influence of the selective pressure of hospital condi-
tions or the host cells, and horizontal transfer of genes
are considered as probable reasons for such heterogene-
ity. Understanding the molecular processes that ensure
rapid adaptation and, accordingly, survival of the mi-
croorganism in unfavorable conditions, will allow de-
tecting potential targets for the development of new an-
tibacterial therapeutics, as well as better understanding
interspecific interactions in polymicrobial infections
and establishing mechanisms of switching metabolic
pathways during the transition of opportunistic patho-
gens from “natural” lifestyle to infectious intervention.

In this review, we have briefly presented current
data on the molecular aspects of S. maltophilia viru-
lence factors, without addressing the mechanisms of
antibiotic bacterial resistance for the sake of brevity.
We hope that the review article will be of interest to
molecular biologists, clinical microbiologists and bio-
chemists.
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HEKPONOTr

HEKPOJIOT

NMamaTtn becegHoBon Hatannn HukonaesHbI

(02.02.1935-23.09.2023)

HayuHo-uccnenoBaTenbCKkuii MHCTUTYT JIUJE-
Muooruu u Mukpoduonoruu uM. [.I1. Comosa Pocno-
TpeOHag30pa ¢ mpucKopOueM cooduiaet, urto 23 ceH-
Ta6pst 2023 roma Ha 89-M TOMy JKHM3HH CKOHYAIACh
Haranus Huxonaesna becenHoBa, HOKTOp MenMLIMH-
CKUX HayK, mpog)eccop, 3aciIy>KEHHbIN JeSTeIb HAYKH
Poccuiickoit denepannu, 1ecTBUTENbHBIN WwieH Poc-
CUICKOM akaJeMuu Hayk, Jiaypear locymapcTBeHHOU
npemun CCCP, Bwimatormmiics yd€HbIN, ONECTSIIUN
OpraHu3aTop, MPEKPAcHbIK MENaror U 3aMevaresbHbIN
YEJIOBEK.

Haranmus HuxonaeBna becenHoBa poaunack
2 derpans 1935 r. B . Kisisbma MockoBcko# o0na-
ctu. Ilocne oxonuanus B 1959 r. IlepBoro Mockos-
CKOTO0 MEAMIMHCKOro uHctutyta uM. .M. Cedenosa
[0 paclpeneieHUI0 Ipuexana Bo BraauBocTok, e
Hauaja paboTaTh BPavoOM-3ITHIEMHUOJIOTOM TOPOICKOMN
caHUTapHO-3MHIeMuoioruueckor craniuu. C 1960 r.
TpynoBas gesrtensHocTs H.H. becenHoBoil cBs3aHa C
Hayuno-uccnenoBaTenbCKuM HHCTUTYTOM DSIIHJIEMUO-
JIOTUM ¥ MHUKPOOHOJIOTHH, TJI€ OHA MPOIUIA MyTh OT
MJIQJIIET0 HAyYHOTO COTPYOHHKA JO PYKOBOIUTEIS
J1a00PATOPHH, 3aAMECTUTENS TUPEKTOPA [0 HAYYHOU pa-
0ote u qupekropa MHCTUTYTa, KOTOPBIM YCICIIHO Y-
KOBOJIMJIA HA MPOTSKCHUH JIByX JCCATUICTHH.

B 1969 r. Haranns HukonaeBHa 3amuThia KaH-
JTUIATCKy10 auccepranuio, B 1980 r. — HOKTOpCKyIO
JUCCEPTAINIO Ha TeMy «IJKCIIEPUMEHTAIbHOE U KIIU-
HUKO-3THJIEMUOJIOTMYECKOEe H3yYeHUE ICeBIOTYOep-
Kyn€3H0# nHpekuun». B 1991 r. eit 6bu10 MpHCBOCHO
3BaHME Mpodeccopa Mo CICIUANTBHOCTH «AJLIEProio-
rust 1 ummyHosorus». B 1993 r. H.H. becennona 6s11a
n30paHa 4wieHOM-KoppecrnoHaeHToM, B 2000 . — aka-

nemukoM Poccuiickoil akaieMuud MEAULIMHCKUX HayK.
C 2013 r H.H. BecennoBa — IeMCTBUTEIBHBIN WIEH
Pocculickoii akaneMuy Hayk.

B nocnennue rospl CBOEH Hay4yHOU AESATENBHOCTH
H.H. becennoa 3aHuMasa JOJ)KHOCTh [JIAaBHOTO Hay4-
HOTO COTpyaHHKa MHCcTUTYyTA.

Hayunas nestensHocts H.H. BecemnoBoii Obuia
CoCpeoToueHa Ha MpobieMax AWarHOCTUKH, JEUCHUS
U MPOQUIAKTUKY MH(EKIHOHHBIX 3a0oneBanuid. [lof
e pYKOBOJCTBOM BBITIONHEHBI [IUKJIBI OOIIMPHBIX HC-
CJIEIOBaHHI 10 UMMYHOJIOTUH OpromrHoro Tuga, rces-
noryoepkynésa, nuprepun. B 1989 r. 3a pabory mo u3-
YUEHHIO HOBOTO KJIMHUKO-3IHIEMUYECKOTO IPOSBIECHUS
MICEBAOTYOCPKYIE3HON MHEKLIUH Y YelioBeKa (anbHe-
BOCTOYHOHM CKapJ1aTHHONOMOOHOM JMXOPaKH) B YHCIE
rpynnsl corpynankoB Mucturyta H.H. beceqnosa Obl-
na ynocroeHa ['ocynapctsennoi npemun CCCP.

B 1970-x rr. Haranes HukonaeBHa sBUIIach HHU-
LMaTOpPOM CO3[AaHHSA U PA3BUTHS HOBOTO HAy4YHOIO
HampaBiIeHUs MO U3YUYEHHIO KJIETOUYHBIX U MOJEKYISp-
HBIX MEXaHH3MOB HMMYHOMOAYJIUPYIOIIETO JEHCTBHS
OMOJIOTMYECKU aKTHBHBIX BEIIECTB M3 THIPOOHOHTOB
Tuxoro oxkeaHa, OpraHH30BaB IIHPOKOE COTPYIHHYE-
cTBO ¢ TUXOOKEaHCKUM MHCTUTYTOM OHOOPTaHU4ECKOM
xumun uM. I'.b. Ensxora IBO PAH, TuxookeaHCKUM
Hay4HO-HCCIIEI0BATENbCKUM PBIOOX03AHCTBEHHBIM
LEHTPOM, THXOOKEaHCKHM TOCYJapCTBEHHBIM MeJu-
LMHCKUM YHHMBEPCUTETOM M MPAKTUYECKUMH YUpexkK-
JIEHUSIMH 3/IpaBOOXpaHeHus. B pesynsrare nccneno-
BaHuii, koopauHupyembix H.H. BecennoBoii, Obutn
MOJTy4€HBl HOBBIE JaHHBIE 00 IMMYHOMOYJIMPYOIIUX,
aHTUOAKTEPUANBHBIX, aHTHBUPYCHBIX, IPOTHBOOITYXO-
JIEBBIX, AaHTUA/IT€3UBHBIX, aHTUIHIOTOKCUUECKUX, TTPO-
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aloONTOTHYECKUX, TeNaTO3alIUTHBIX, THIIOIUIMNAACMH-
YEeCKHX CBOMCTBaX OMOJOrMYECKH AKTHBHBIX BEILECTB
MOPCKOTO TPOUCXOXKJECHHUS, YCTaHOBJICHBI KIETOYHBIE
Y MOJICKYJISIPHBIE MEXaHM3Mbl UMMYHOMOIYJIHPYIOILIe-
ro neicTBusi, 000CHOBaHAa BO3MOKHOCTh KOHCTPYHPO-
BaHHWS WHHOBALMOHHBIX JICKAPCTBEHHBIX CPEICTB Ha
X OCHOBE, pa3paboTaHbl HKOJOTHUYECKH Oe30IMacHbIe
NPOAYKTHl (PYHKIMOHAIBHOIO MUTAHUS U OMOJIOTHYe-
CKM aKTHBHBIX JOOAaBOK K MHIIE, YAOCTOEHHBIE 30J0-
THIX U TUIaTUHOBBIX 3HAKOB KaueCTBa, IUIIOMOB MO-
OeauTesiell HAIMOHAIBHBIX U 3apYOEXKHBIX KOHKYPCOB.
H.H. becenHoBa sBnsu1ach Hay4HBIM PYKOBOJUTEIIEM
KAMHUKO-TMarHOCTUYECKOTO IIEHTPa TEePOHTOJNIOTHH U
OunoTepanuu, co3AaHHOro npu e€ ydactuu Ha Oaze Te-
paneBTHYECKOTO OTeNIeHH MeINIMHCKOTO 00beAnHE-
Hus J1IBO PAH, rie npoBoauTCs OlieHKa KIMHUYECKOM
3((HEeKTUBHOCTH IIPENapaToB HAa OCHOBE OMOJIOTHYECCKU
AKTHBHBIX BEILECTB U3 0OBEKTOB HA3EMHON M MOPCKOI
¢nopst u paynsl JansHero Bocroka.

H.H. BecennoBoii co3maHa 1IKOJIa BEICOKOKBAJIH-
(ULHMPOBaHHBIX CIIEIUATUCTOB B 00JaCTH MHKpPOOHO-
JIOTHMU ¥ HIMMYHOJIOTHH, MHOTHE U3 KOTOPBIX B HACTOS-
niee BpeMsi paboTaloT Ha Kadenpax B By3ax, 3aBeAyIOT
naboparopussMi HWHCTUTYTA, OTAEICHUSIMH KIIHHUK.
[Ton e€ pykoBoACTBOM 3aiuIeHsl 31 KaHIUIATCKas U
6 noxtopckux nucceptamnuii. H.H. becennona siBiusier-
cs1 apropoM Oosiee 300 meuyatHbix padot, 32 MaTeHToB,
15 moHorpaduii, mocoOuii 11t TPaKTHYECKUX BpaveH,
TEXHOJIOTUYECKOH JOKYMEHTALUH.

OBITUARIES

C 2014 r. H.H. BecennoBa Bo3rmiaBwia paboty
O0benunénHoro yuénoro cosera JIBO PAH mo wme-
JUIIMHCKUM U (DU3HOJIOTUYCCKUM HayKaMm, MHOTHUE
TOAbl SBJISJIACh WICHOM JUCCEPTALUOHHBIX COBETOB
JAKM 208.007.02 u [ 307.012.01, unenom Koopau-
HALIMOHHOro coBeTa U Upe3BblualiHOW MPOTUBOIMUAE-
MHYECKON Komuccuu npu JlenapraMmeHre 34paBooxpa-
HEeHus aaMuHUcTpauuu IIpumopckoro kpas, 4jaeHOM
PENAaKIMOHHBIX KOJUISTHH JKypHaia « AHTUOMOTHKH U
XUMHOTepanus», «bromierenb CUOMPCKOTO OTICICHUS
PAMH», «TuxookeaHCKUHA METUIIMHCKHMA >KypHAID»,
«3a0opoBre. MenunuHckas sxonorus. Haykay.

B 2001 r. H.H. BecenHoBoii ObUIO IPUCBOCHO O~
YETHOE 3BaHUeE «3acIyKeHHBIN fesTens Hayku Poccuii-
ckoil @enepannny». E€ BecoMblll BKJIaJ B HAYKY OTMeE-
yeH BeicokuMH Harpanamu CCCP u Poccuiickoit ®e-
nepanuu: opaeHoMm «3Hak Ilouera», memansio BAHX,
opreHoM JlpyxObl, Menasbio uM. akagemuka B.1. Tlo-
KPOBCKOTO.

Ha npotsxkeHun Bceil CBOEU TPYNOBOHM JEATENb-
"Hoctu Haranpss HukomaeBna becegHoBa ocraBajiach
MHTEIUIUTEHTHBIM, TOOPHIM U BHUMATEIBHBIM K KOJIJIC-
raM M JIpy3bsIM YEJIOBEKOM, OT/aBajla BCE CUJIbI, 3HAHUS
U OIBIT COTPYAHUKAM UHCTUTYTA.

Via u3 )KU3HU 3aMedareibHas keHinuHa. E€ ne
3a0ynyT Te, KTo Koraa-iubo oomancs ¢ Heil. Ham Bcem
OyleT He xBaTarTh IOOPOro JIpyra MU MyJIpOro HacTaB-
Huka. CBeTiiag maMsITh O HEW HaBCETla COXPAaHUTCS B
HalluX cepALax.
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