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Abstract

Objective: The aim of this study was to identify the molecular prevalence of high-risk HPV infection and the
distribution of genotypes present in normal cytology, as well as to determine the vaccination status of our study
population.

Methods: 110 cervical samples were taken from individuals, and 1 ml of each sample was added to the Xpert HPV
cartridge in the sample compartment before it was placed in the Cepheid GeneXpert system. Detection was per-
formed simultaneously via amplification of the £E6 and E7 genes in five fluorescent channels (HPV16, HPV18/45,
HPV31/33/35/52/58, HPV51/59, and HPV39/56/66/68a).

Results: 36/110 (33%) of all samples tested were positive for HPV DNA. The predominant genotypes were HPV16
(12.7%) and other pooled HR-HPV types (8.2%). All women who received the Gardasil-9 vaccine (3.6%) had HPV,
and infection was associated with travel outside Africa. 96.4% of the screened individuals had not received any
HPV vaccine.

Conclusion: Our research confirms a widespread HR-HPV infection in our population and extends the importance
of studies on the molecular prevalence of HPV, particularly in women with normal cytology and apparent good
health, in view of the cruel lack of public awareness of HPV infections.
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MOHeKyﬂﬂpHaﬂ ANAarHoCTukKa nanuniomMmaBupycoB BbICOKOIo

pUCKa U cTaTyC BakUMHaLMU Cpeau XXeHLUH ¢ HOpManbHOM
umTonorneun B KoHro

Dorine F.L. Ngombe Mouabata'?, Anicet L.M. Boumba'=3, Patrina J. lloukou Mayakia'?,
Norvi R.B. Massengo?, Ragive P. Takale?, Donatien Moukassa?, Moulay M. Ennaji’

"NaGopaTopus BUPYCONOrMm, OHKOINOTMM, HayK O XU3HU, OKpYXatoLen cpeabl U HoBbIX aHepruit (LVO BEEN), chakynstet
Hayku n TexHonorun, Moxammeausi, YHusepcuteT XacaHa |l B KacabnaHnke, KacabnaHka, Mapokko;

2Kadheapa 3gpaBooxpaHeHus 1 Gronornm Yenoseka, dakynsTeT HayK 0 340poBbe, YHuBepcuteT MapueH H'ryatw,
Bpas3asunb, KoHro;

3ccnepoBatenbcekasi 3oHa MyaHT-Hyap, HaunoHarnbHbIn MHCTUTYT UCCNefoBaHuii B 06nacTu 34paBooXpaHeHus!
(IRSSA), bpasszasunb, KoHro

Pestome

Lenb: Llenb gaHHOro uccrneqosaHusa — onpefeneHne MonekynspHbIMy mMmeTogaMmu pacnpoctpaHeHHoctn BI4-
MHEKLMM BBICOKOTO pycKa U pacnpeaeneHms reHoTUNoB BUpyca Cpeam XeHWUH C HOpManbHOW LUMTomnorven, a
TaKke onpeaeneHue cratyca BakumHauum B UCCNeayemMon Koropre.

MeTopabi: ViccnegosaHbl 110 LepBukanbHbIX 06pasLos, no 1 Mn kaxagoro obpasua BHocunm B kapTpuapk Xpert HPV
B oTceke ansa obpasuosB nepen nomelleHnem B cuctemy Cepheid GeneXpert. OgHoBpemMeHHas OeTekuus Bcex
MuULLeHel npy amnnudmkauum reHoB E6 u E7 nposogunack B 5 dpnyopecueHTHbIX kaHanax (HPV16, HPV18/45,
HPV31/33/35/52/58, HPV51/59 n HPV39/56/66/68a).

Pesynbratbl: M3 Bcex uccnepoBaHHbiX obpasuos 36/110 (33%) Obinv nonoxutensHeimu no OHK BMY.
Mpeobnagatowmmm reHotunamu 6einm BMNY-16 (12,7%) n npoune obbeamHeHHble reHoTunbl BMNY Bbicokoro pucka
(8,2%). Bce xeHwmHbl, nony4yaslwme BakumHy Gardasil-9 (3,6%), umenn BMNY-uHdekumio, npeanonoxTensHo
accouuMMpoBaHHyto ¢ noesgkamu 3a npegens Adpukn. OcTanbHble y4acTHULUBI nccnegosaHns (96,4%) Hukakomn
BakumHbl Npotme BMNY He nonyyanu.

3akntoyeHune: Hawe uccnegoBaHue MOATBEPXAAET LUMPOKYK PacnpOCTPaHEHHOCTb MHAEKLMW, Bbl3BaHHON
BlMY BbicOKOro pvcka, B Hallen nonynsauum v noayvyepkuBaeT BaXKHOCTb M3y4YeHus pacnpocTtpaHeHHocTu Bl14Y
MOMEeKYNApHbIMU METOAaMWU, OCOBEHHO Y 340POBbLIX XEHLMH C HOPMarbHOW LUMTOMOIMEN, B CBA3N C BbICOKUM
YPOBHEM HEOCBEAOMMNEHHOCTM Hacenenns o BMNY-uHdekumn.

KnioueBble cnoBa: Bl1Y 8biCOKO20 pucka; HOpMarbHas Uumorio2us, cmamyc eakyuHauuu, MOMeKyrspHas
anudemuornoausi; 2eHomursl BIMY

Onsa umtnposanusa: Ngombe Mouabata D.F.L., Boumba A.L.M., lloukou Mayakia P.J., Massengo N.R.B., Ta-
kale R.P., Moukassa D., Ennaji M.M. MonekynapHas gnarHoctvka nanunaioMaBnpyCcoB BbICOKOIO pucka v ctatyc
BaKUMHaLMW CPeau XeHLWNH ¢ HopMmarnbHow uutonorvnen B KoHro. Bornpock! supyconoauu. 2024; 69(4): 301-308.
DOI: https://doi.org/10.36233/0507-4088-239 EDN: https://elibrary.ru/vbwmzy

®duHaHcuMpoBaHue. ABTOPbI 3asBMSOT 06 OTCYTCTBUMU BHELLHEro (OMHAHCUPOBAHUSI MPY NPOBEAEHUN UCCIIE0BaHMS.
BnarogapHocTb. ABTOpbI BblpaxatoT 6narogapHocTb MUHMCTEPCTBY BbiCLIEro 06pa3oBaHNs, HayuYHbIX UCCReaoBaHNUN
1 nHHoBaumn Mapokko, CNRST, dakynsteTy Hayk n TexHuku Moxammenun, YHusepcutety Xacaxa |l B Kacabnatke,
KacabnaHka, Mapokko, kadhenpe 30paBooxpaHeHus 1 6uonornm Yenoseka, pakynbTeTy MeAULMHCKUX HayK,
YHusepcutety Mapuen H'ryabu (FSSA), Bpassasunb, Koxro, JlTabopaTtopuu MmonekynsipHoi 61onorum nonmkinmHUKKI
®donaa Mapu MagneH Nombec B KoHro, JlabopaTtopun BUpYCconorum, OHKOMOMMK, Hayk O >KU3HWU, OKpY)KatoLLen cpeabl 1
HOBbIX 3HEPIUIA 1 rpynna BUPYCOMOrMm1, OHKONOMMM U TEXHOMOIMIA. Takke xoTenu 6bl nobnarogapuTb BCEX XKEHLUMH 3a
yyacTue B 3TOM MCCliefoBaHWUU.

KoHdnuKT nHTepecoB. ABTOpPbI eKNapupyoT OTCYTCTBME SIBHbIX U NMOTEHLMANbHBIX KOH(MUKTOB MHTEPECOB,
CBA3aHHbIX C Nybnukaumei HacTosiLLen cTaTby.

ATnyeckoe yTBepxaeHue. ViccrnenosaHue npoBoaunock npu 4o6poBonbHOM MHOPMUPOBAHHOM Corfacum
naumeHToB. MpoTokon nccnenosaHust oqo6peH CoBETOM MO 3TMKE HayYHbIX UCCreaoBaHuii B obnactu
3apaBooxpaHeHns (HSRB) (MpoTtokon Ne251/MRSIT/IRSSA/CERSSA ot 20.01.2023).

Introduction In 2020, cervical cancer had a 25.5% increase in inci-

Cervical cancer (CC) is a serious health problem that
kills many people every year. It accounts for 10% of all
malignant tumours and is the fourth most common cancer
in women worldwide, with an incidence of 604,127 new
cases (13,3%) [1-3]. Sub-Saharan Africa is one of the
regions with the greatest impact of CC, with low scree-
ning rates and delayed diagnosis and treatment [4, 5].
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dence rate! and 14.2% of cancer deaths were caused
by CC in the Congo [3, 6, 7]. More than 95% of cer-
vical cancers are caused by sexually transmitted HPV,
with 90% of these women living in low- or middle-inco-
me countries [8].

'TARC. Cancer Today. Available at: http://gco.iarc.fr/today/home
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Human papillomavirus (HPV) is a common sexually
transmitted infection that is diagnosed worldwide [4].
Currently, 202 different HPV genotypes have been iden-
tified, according to the International HPV Reference Cen-
ter [5]. It is estimated that HPV causes 610,000 new cases
of cancer and 250,000 deaths per year [9, 10]. Sub-Saha-
ran Africa is the region most affected, with a 24% preva-
lence of HPV infection in women with normal cytology
[11]. In the Republic of Congo, recent studies of HPV in
normal cytology have identified the main characteristics
of HPV16, HPV35 and HPV33 infection [12—15]. The
increase in HPV prevalence is the result of both a lack
of CC screening and a lack of awareness among young
Congolese.

The benefits of HPV vaccination are evident in
high-income countries that introduced national HPV
vaccination programmes earlier. In contrast, many coun-
tries in sub-Saharan Africa have not yet implemented
national HPV vaccination programmes and still face
low vaccination coverage in implementing countries
[16, 17]. The new recommendation from the Strategic
Advisory Group of Experts on Immunization (SAGE)
is underpinned by concerns about the slow introduction
of the HPV vaccine into vaccination programmes and
the low overall population coverage, particularly in the
poorest countries [8]. The HPV vaccine is highly ef-
fective in preventing HPV serotypes 16 and 18, which
cause 70% of cervical cancers. Currently, the licensed
HPYV vaccines available are classified as bivalent, qua-
drivalent, and non-valent, depending on the number of
HPYV strains targeted [17]. In order to highlight the im-
portance of cervical cancer screening and the value of
introducing vaccination programmes in the Congo, we
undertook this study with the aim of identifying the mo-
lecular prevalence of high-risk HPV infection and the
geographical distribution of genotypes present in nor-
mal cytology, as well as determining the vaccination
status of our study population.

Material and methods

Study site

The study was carried out in the anatomo-cytopatholo-
gy unit of the Centre Hospitalier et Universitaire de Braz-
zaville (CHU-B).

Participants and type of study

This was a descriptive cross-sectional study with re-
trospective data conducted in April 2023. The sampling
method used was a random selection of 110 cervical
samples, which were taken from women who had under-
gone a speculum examination.

Inclusion criteria

— Have a normal cervical smear cytology result in the
CHU-B cytology report register.

— Have a contact number that can be reached.

— Be physically fit for the clinical examination.

— Have agreed to have the smear taken again and have
given informed consent.

OPUTUHANbHbBIE NCCNTEAOBAHUA

— Have a confirmed diagnosis of normal cytology after
resampling.

Exclusion criteria

— Not having given consent.

— Have an abnormal cytological examination.
— Menstruating.

— Under antibiotic treatment.

The study was conducted with the informed consent
of the patients. The study protocol was approved by the
Health Sciences Research Ethics Board (HSRB) (Pro-
tocol No. 251/MRSIT/IRSSA/CERSSA dated Janua-
ry 20th, 2023).

Data and sample collection

A survey questionnaire, including information on
socio-demographic characteristics, was completed for
each patient. Smears were obtained using an Ayre spa-
tula and an endocervical cytobrush and were stored in
special tubes containing 4 ml of PreservCyt transport
medium kept at —80 °C until processing.

DNA extraction and analysis of the DNA extract

DNA extraction was performed on all samples.
A conventional PCR of a 268-bp fragment of the be-
ta-globin gene with primers GH20 and PC0431 was per-
formed to ensure the quality of the extract. The presence
of the housekeeping gene and the absence of inhibitors
were confirmed in all samples (100%).

HPYV detection and genotyping

Genotyping was carried out by real-time PCR using
GeneXpert technology in order to differentiate the HPV
DNA present by molecular typing. The Xpert HPV As-
say enables simultaneous detection via amplification of
the £6 and E7 genes in 3 fluorescent channels (HPV16,
HPV18/45, and other HR-HPVs such as HPV31/33/35/5
2/58/51/59/39/56/66/68a).

The assay also includes a human control gene (hy-
droxymethylbilane synthase [HMBS]) to verify the va-
lidity of the sample and amplification. An internal Probe
Verification Control (PCC) is used to check reagent rehy-
dration, filling of the PCR tube into the cartridge, probe
integrity, and dye stability [18].

Execution of the test

For the execution of the test, 1 mL of sample was added
to the cartridge in the sample compartment. The cartridge
was then inserted into the device and the test started. Af-
ter 60 minutes of the run, the typing result, interpreted by
the Xpert software, was obtained in the form of a pool [18].

Statistical analysis

The correlation between HPV seroprevalence and inde-
pendent variables was analysed using Pearson’s chi-squa-
red test and/or Fisher’s exact test and Odd ratio. P values
less than 0.05 were considered statistically significant.
Microsoft Excel 2019 was used to create the database,
and statistical analyses were performed using RStu-
dio 2023.06.0+421 Mountain Hydrangea Release with R
version 4.2.2.
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Table 1. General characteristics of the study population associated with HPV infection
Tadauuna 1. O61as XapakTepucTHKa UCCIEAYyEeMOMH MOMyIIsALnY, CBA3aHHOM ¢ nHpekuueit BITY

HPV / BIT4
Variables Overall / HPV-/ | HPV-/ | HPV+/ | HPV+/
XapaxrepucTuia Beero | (%) | BMY- | BMY- | BIU+ | BIIU+ 8&((155?/5 3/1‘% p-value
n n (%) n (%) 0
Age
Bospact
17-27 27 24.5 15 13.6 12 10.9 Ref. / Ped. 0.3
28-37 37 33.6 25 22.7 12 10.9 0.60 (0.35-2.36)
38-47 26 23.6 18 16.4 8 7.3 0.55 (0.32-1.65)
48-57 11 10.0 8 7.3 3 2.7 0.46 (0.21-3.25)
58-67 7 6.4 7 6.4 0 0.0 -
68-71 2 1.8 2 1.8 0 0.0 -
Alcohol consumption
YnorpebieHne aaKorons
No 61 55.5 43 39.1 18 16.4 Ref. / Ped. 0.2
Her
Yes 49 44.5 32 29.1 17 15.5 1.26 (0.56-2.83)
Ha
Age of first sexual intercourse
Bo3spacT nepBoro cekCyanabHOr0 KOHTaKTa
<18 70 63.6 48 43.6 22 20.0 Ref. / Ped. 0.01
>18 40 36.4 27 24.5 13 11.8 1.05 (1.02-2.41)
Tobacco consumption
VYnorpebienue Tabaka
No 92 83.6 64 58.2 28 25.5 Ref. / Ped. 0.1
Her
Yes 18 16.4 11 10.0 7 6.4 1.45(0.51-4.14)
Ha
Multiple sexual partner
HeckomnbKo CeKcyaabHbIX ITapTHEPOB
<5 57 51.8 40 36.4 17 15.5 Ref. / Ped. 0.07
>5 53 48.2 35 31.8 18 16.4 1.21 (0.54-2.70)
Past STI
No 88 80.0 59 53.6 29 26.4 Ref. / Ped. 0.06
Yes 22 20.0 16 14.5 6 5.5 0.76 (0.27-2.15)
Number of pregnancies
Uucno GepeMeHHOCTEH
Aucun 30 27.3 18 16.4 12 10.9 Ref. / Ped. 0.3
He 6b110
<5 46 41.8 31 28.2 15 13.6 0.72 (0.21-2.07)
>5 34 30.9 26 23.6 8 7.3 0.46
Contraceptive use
Hcnonb30BaHNe KOHTPALIEIITHBOB
No 40 36.4 31 28.2 9 8.2 Ref. / Ped. 0.05
Her
Yes 70 63.6 44 40.0 26 23.6 2.03 (0.83-4.93)
Ja

Risky sexual behavior
PrcKkoBaHHOE CEKCyalbHOE MTOBEACHHE

For continuation of Table 1, see page 3
Ipooonscenue mabn. 1 cm. na cmp. 305

304



BOMPOCHI BUPYCOJIOTUU. 2024; 69(4)
https://doi.org/10.36233/0507-4088-239

OPUTUHANbHbBIE NCCNTEAOBAHUA

HPV / BITY
Variables Overall / HPV-/ | HPV—/ | HPV+/ | HPV+/
XapaKTepHCTHKH Beero | (%) | BITU- | BIU- | BITY+ BITU+ 851((15509/5‘31)4; p-value
n n (%) n (%) ’
No 58 52.7 45 40.9 13 11.8 Ref. / Peg. 0.02
Her
Yes 52 473 30 273 22 20.0 2.53 (1.11-5.80)
Ja
Multiple Infection HR-HPV
MHuoxectBeHHas nH(exnus BITU Beicokoro pucka
Yes 13 11.8 0 0.0 13 11.8 -
Ja
No 23 20.9 0 0.0 23 20.9 -
Her
Types of HPV / Tunst BITY Ref. / Ped. 0.4
HPV16/BIIU-16 14 12.7 7 6.4 7 6.4 2.89 (0.86-6.24)
Others HR-HPV / JIpyrue BITY Bbicokoro pucka 9 8.2 6 5.5 3 2.7 1.44 (0.46-2.56)
HPV18/45 / BITY-18/45 3 2.7 1 0.9 2 1.8 5.78 (0.67-8.94)
HPV16/18/45 / BITU-16/18/45 2 1.8 1 0.9 1 0.9 2.89 (0.32-4.15)
HPV16/Others HR-HPV 8 7.3 5 4.5 3 2.7 1.73 (0.11-4.79)
BITY-16/pyrue BITY BbIcOKOTO pUCKa
HPV Vaccination
Baxnunarus nporus BITH
No 106 96.4 71 55.4 35 31.8 Ref. / Ped. 0.08
Her
Yes 4 3.6 4 3.6 0 0.0 0.70 (0.02—-6.88)
Ja
Number of vaccine injections
Yucno MHBEKINI BaKI[MHBI Ref. / Ped. 0.1
No injection 106 96.4 71 55.4 35 31.8 -
He 6bu10 MHBEKIMN
1 or 2 injections 1 0.9 1 0.9 0 0.0 -
1 M 2 MHBEKIINU
3 injections 3 2.7 3 2.7 0 0.0 -
3 UHBEKIINH
Travel outside Africa
[TyrewectBue 3a npeneisl Appuxu
No 106 96.4 72 65.5 35 31.8 Ref. 0.09
Her
Yes 4 3.6 4 3.6 0.0 0.0 0.70 (0.07-7.03)
Ha

Note. Age of first sexual intercourse, Risky sexual behavior, Contraceptive use (p < 0.05).

Tpumeuanue. Bo3pacT nepBoro mojxoBoro akra, pUCKOBAHHOE CEKCyalbHOE TOBECHUE, HCIONb30BaHIe KOHTpanenTuBos (p < 0,05).

Results

Analysis of socio-demographic characteristics

With extremes ranging from 17 to 71 years of age, a peak
in frequency (33.6%) was observed between 28 and 37 years
of age, and the mean age of all women was 36.59 + 12.86
years. We studied certain risk factors associated with HPV
infection in women with cervical cancer, the frequencies of
which are shown in Table 1.

HPV molecular prevalence and genotyping

Of the 110 samples, in line with our results, 36/110
(33%) of all samples were tested positive for HPV DNA.

Prevalence of HR-HPV with univariate risk factors

In this univariate logistic regression analysis, risky
sexual behaviour and contraceptive use were positively
associated with HR-HPV as predominant risk factors in
our population (Table 2). The predominant genotypes
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Table 2. Some characteristics of the study population associated with HPV vaccination

Tadauua 2. Hekotopble XapakTepUCTHKU MCCIIENYEMOM MOMYIISLUY, CBSI3aHHbIE ¢ BakMHanuel npotus BITY

HPV Vaccination
Baxuunanus nporus BITH
Variables No Ves
XapakTepucTuKu Her Jla
n (%) n (%) n (%)
Age
Bospacr
17-27 27 24.5 27 24.5 0 0.0
28-37 37 33.6 35 31.8 2 1.8
3847 26 23.6 24 21.8 2 1.8
48-57 11 10.0 11 10.0 0 0.0
58-67 7 6.4 6.4 0 0.0
68-71 2 1.8 2 1.8 0 0.0
Number of vaccine injections
Yucao HHBEKIUN BaKIIMHBI
No injection 106 96.4 106 96.4 0 0.0
He 0b110 HHBEKITUI
1 or 2 injections 1 0 0.0 1 0.9
1 win 2 UHBEKIMKH
3 injections 3 0 0.0 3 2.7
3 UHBEKIUH
Travel outside Africa
[yremectBue 3a npenenst AGpuku
No 106 96.4 106 96.4 0 0.0
Her
Yes 4 0 0.0 4 3.6
Ja

were HPV16 (12.7%) and other grouped HR-HPV types
(8.2%). It should be noted that multiple HR-HPV infec-
tions were identified in 13cases. All the women who re-
ceived the Gardasil-9 vaccine had HPV (3.6%), and in-
fection was associated with travel outside Africa.

Vaccination status according to socio-demographic
factors

Table 2 shows the distribution of HPV vaccination sta-
tus by age in the population. It can be seen that the 28-37
and 38-47 age groups were those who had received the
Gardasil-9 vaccine. 96.4% of the screened women had
not received any HPV vaccine.

Discussion

In the management of women with ambiguous cytology
results, HPV DNA testing for the early detection of
precancerous cervical lesions is now widely recognised
as a reliable and validated option. Recently, there has
also been interest in the use of HPV testing in cervical
samples from asymptomatic women without cytological
abnormalities [19]

The prevalence of HPV infection (33%) was high in
our study. In 2013, Boumba et al. revealed that 23.5% of
Congolese women with normal cytology had HPV+. 10 years
after this pioneering study, our observations show an increase
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in the prevalence of HPV infection, and this finding clearly
shows that prevention methods to date have not improved at
all since the study by Boumba et al. [20].

Univariate logistic regression analysis between HPV
infection and the risk factors collected revealed an
association with age at first sexual intercourse, risky
sexual behavior, and contraceptive use. Risky sexual
practices were highly prevalent in this area. Studies of
healthy African women under 25 years of age show high
sexual activity associated with high HPV prevalence
(70.0 to 84.0%) [21, 22] which confirms the different
risk factors found in our study linked to women’s sexual
behaviour.

The distribution of the genotypic profile showed 32.7%
HR-HPV in women with a normal cytology diagnosis.
These results confirm the strong presence of HR-HPV
and corroborate the study by Boumba et al. (2013), who
found 60.4% and Tsimba et al. (21.5%) of oncogenic
genotypes in normal cytology.

This study also identified 3 distinct oncogenic HPV
genotypes: HPV16/18 and 45, the most prevalent of which
was HPV type 16 (12.7%). The pooled genotyping of the
other HR-HPV types(31,33,35,39,45,51,52,56,58,59, 66,
and 68) had the second highest frequency (8.2%), showing
the hypothesis that beyond HPV16 and 18, the other HR-
HPV types are needed to be identified in Africa, although
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the mechanism of CC carcinogenesis in Central Africa
remains to be determined. This hypothesis is in line with
the results of a recent HPV study that found six frequently
encountered HR-HPV infections (25%), including HPV-
35, HPV-56, and HPV-68, are not targeted by the Gardasil-9
vaccine [13].

These results show the importance of carrying out
studies on the existing molecular epidemiology of
unidentified HPV infections throughout the Congolese
territory, which are common in Africa.

The HPV vaccine is highly effective in preventing
HPV genotypes 16 and 18, which cause 70% of cervical
cancers. Vaccination status in our population was very
low (3.6%), confirming the slowness and non-existence
of prevention programmes through the introduction
of the HPV vaccine and the low overall population
coverage, particularly in low-resource countries [8]. It
should be noted that the women who received the various
injections or doses (1 or 2 injections, or 3 injections)
were all HPV-positive, which may suggest that these
women had acquired protection against HR-HPV. SAGE
therefore strongly encourages all countries to set up HPV
vaccination programmes and to give priority to older
girls who have not yet been vaccinated. The aim of these
recommendations is to enable more girls and women to
benefit from vaccination and thus prevent cervical cancer
and its consequences throughout their lives [8].

Conclusion

Our research confirms the existence of widespread
HR-HPV infection in our population and extends the
importance of studies on the molecular prevalence of HPV,
particularly in women with normal cytology and apparent
good health. These results underline the importance of
including HPV testing in cervical cancer screening and
diagnosis, in addition to cervical smear testing, in order
to significantly improve health programmes. Given the
imperative of increasing HPV vaccination coverage in
sub-Saharan Africa, and now with the announcement
of the WHO’s cervical cancer elimination strategy, it
is essential to put in place implementation strategies to
overcome barriers and reach target populations.

REFERENCES / JUTEPATYPA

1. BaD.M,, Ssentongo P., Musa J., Agbese E., Diakite B., Traore C.B.,
et al. Prevalence and determinants of cervical cancer screening in
five sub-Saharan African countries: A population-based study.
Cancer Epidemiol. 2021; 72: 101930. https://doi.org/10.1016/j.
canep.2021.101930

2. Arbyn M., Weiderpass E., Bruni L., de Sanjosé S., Saraiya M.,
Ferlay J., et al. Estimates of incidence and mortality of cervical
cancer in 2018: a worldwide analysis. Lancet Glob. Health. 2020;
8(2): €191-203. https://doi.org/10.1016/S2214-109X(19)30482-6

3.  Christian N.E.S., Liboko B.A.F., Mabiala Y., Moussavou D.R.A.,
Moukassa D., Mbon N.J.B. Precancerous lesions of cervix in the
Lekoumou and Niari departments (Congo Brazzaville). Cancer Sci.
Res. 2022; 5(1): 1-5.

4. Yimer N.B., Mohammed M.A., Solomon K., Tadese M.,
Grutzmacher S., Meikena H.K., et al. Cervical cancer screening
uptake in Sub-Saharan Africa: a systematic review and meta-
analysis. Public Health. 2021; 195: 105-11. https://doi.
org/10.1016/j.puhe.2021.04.014

5. Mumba J.M., Kasonka L., Owiti O.B., Andrew J., Lubeya M.K.,
Lukama L., et al. Cervical cancer diagnosis and treatment delays

12.

13.

14.

15.

16.

17.

18.

19.

20.

OPUTUHANbHbBIE NCCNTEAOBAHUA

in the developing world: Evidence from a hospital-based study
in Zambia. Gynecol. Oncol. Rep. 2021; 37: 100784. https://doi.
org/10.1016/j.gore.2021.100784

Christian N.FE.S., Liboko B.A.F., Mabiala Y., Moussavou D.R.A.,
Moukassa D., Mbon N.J.B. Precancerous lesions of cervix in the
Lekoumou and Niari departments (Congo Brazzaville). Cancer Sci.
Res. 2022; 5(1): 1-5.

Bruni L., Albero G., Serrano B., Mena M., Collado J.J., Gomez D.,
et al. ICO/IARC information centre on HPV and cancer (HPV
Information Centre) Human papillomavirus and related diseases
in Saudi Arabia. Summary Report; 2023. Available at: https:/
hpvcentre.net/statistics/reports/SAU.pdf

Belglaiaa E., Elannaz H., Mouaouya B., Aksim M., Mercier M.,
Prétet J.L., et al. Human papillomavirus genotypes among women
with or without HIV infection: an epidemiological study of
Moroccan women from the Souss area. Infect. Agent Cancer. 2015;
10: 44. https://doi.org/10.1186/s13027-015-0040-y

OMS 2022. One-dose Human Papillomavirus (HPV) vaccine
offers solid protection against cervical cancer; 2024. Available
at:  https://www.who.int/news/item/11-04-2022-one-dose-human-
papillomavirus-(hpv)-vaccine-offers-solid-protection-against-
cervical-cancer

de Sanjos¢ S., Bruni L., Alemany L. HPV in genital cancers
(at the exception of cervical cancer) and anal cancers. Presse
Med. 2014; 43(12 Pt. 2): e423-8. https://doi.org/10.1016/j.
Ipm.2014.10.001

Mousavi T., Rafiei A., Haghshenas M.R., Sadeghian-Kiadehi S.F.,
Valadan R. Molecular prevalence and phylogenetic analysis of
human papillomavirus in normal cervical samples from northern
Iran. Gene Rep. 2020; 21: 100958. https://doi.org/10.1016/].
genrep.2020.100958

De Vuyst H., Alemany L., Lacey C., Chibwesha C.J.,
Sahasrabuddhe V., Banura C., et al. The burden of human
papillomavirus infections and related diseases in sub-Saharan
Africa. Vaccine. 2013; 31(Suppl. 5(0 5)): F32-46. https://doi.
org/10.1016/j.vaccine.2012.07.092

Boumba L.M.A., Mouallif M., Hilali L., Moukassa D., Ennaji M.M.
Prevalence of human papillomavirus infection among Congolese
women with normal cervical cytology. Int. J. Sci. Res. 2015; 4(3):
521-6.

Tsimba Lemba P.C., Boumba L.M.A., Péré H., Nganga P.C.,
Veyer D., Puech J., et al. Human papillomavirus genotype
distribution by cytological status and associated risk factors
in the general population of Congolese women living in urban
and rural areas: Implications for cervical cancer prevention.
Infect. Dis. Now. 2023; 53(8): 104762. https://doi.org/10.1016/j.
idnow.2023.104762

Nganga P.C., Boumba L.M.A., Tsimba C.P.L., Tchibinda F.G.L.,
Nkounkou R.B.B., Ataboho E.E., et al. Prevalence and genotyping
of human papillomavirus among women in the departments of Niari
and Bouenza, Republic of the Congo. J. Biosci. Med. 2022; 10(1):
64-77. https://doi.org/10.4236/jbm.2022.101007

Kisaakye E., Namakula J., Kihembo C., Kisakye A., Nsubuga P.,
Babirye J.N. Level and factors associated with uptake of Human
papillomavirus infection vaccine among female adolescents in
Lira District, Uganda. Pan Afi: Med. J. 2018; 31: 184. https://doi.
org/10.11604/pam;j.2018.31.184.14801

Rujumba J., Akugizibwe M., Basta N.E., Banura C. Why don’t
adolescent girls in a rural Uganda district initiate or complete
routine 2-dose HPV vaccine series: Perspectives of adolescent girls,
their caregivers, healthcare workers, community health workers
and teachers. PLoS One. 2021; 16(6): €0253735. https://doi.
org/10.1371/journal.pone.0253735

Brandt H.M., Pierce J.Y., Crary A. Increasing HPV vaccination
through policy for public health benefit. Hum. Vaccin.
Immunother. 2016; 12(6): 1623-5. https://doi.org/10.1080/2164
5515.2015.1122145

Cuschieri K., Geraets D., Cuzick J., Cadman L., Moore C., Vanden
Broeck D., et al. Performance of a cartridge-based assay for
detection of clinically significant Human Papillomavirus (HPV)
infection: lessons from VALGENT (Validation of HPV Genotyping
Tests). J. Clin. Microbiol. 2016; 54(9): 2337-42. https://doi.
org/10.1128/JCM.00897-16

Centurioni M.G., Puppo A., Merlo D.F., Pasciucco G,
Cusimano E.R., Sirito R., et al. Prevalence of human papillomavirus

307



PROBLEMS OF VIROLOGY (VOPROSY VIRUSOLOGII). 2024; 69(4)
https://doi.org/10.36233/0507-4088-239

ORIGINAL RESEARCHES

cervical infection in an Italian asymptomatic population. BMC 22. Bouassa RSM, Nodjikouambaye ZA, Sadjoli D, Adawaye C,

Infect. Dis. 2005; 5: 77. https://doi.org/10.1186/1471-2334-5-77 Péré H, Veyer D, et al. High prevalence of cervical high-risk human

21. Boumba L.M.A., Mouallif M., Hilali L., Moukassa D., Ennaji M.M. papillomavirus infection mostly covered by Gardasil-9 prophylactic
Prevalence of human papillomavirus infection among Congolese women vaccine in adult women living in N’Djamena, Chad. PLOS ONE. 3
with normal cervical cytology. Int. J. Sci. Res. 2015; 4: 2319-7064. juin 2019;14(6):¢0217486.

Information about the authors:

Dorine Florence Luthera Ngombe Mouabata — M.Sc, Doctorante, Laboratory of Virology, Oncology, Biosciences, Environment and New Energy,
Faculty of Science and Technology, Mohammedia, Hassan Il University of Casablanca, Casablanca, Morocco, Department of Health and Human
Biology, Faculty of Health Sciences, Marien N'gouabi University, Av. des Premiers Jeux Africains, Brazzaville, Congo. E-mail: ngombedorine@
gmail.com; https://orcid.org/0000-0001-7065-2934

Anicet Luc Magloire Boumba — M.Sc, PhD, Full professor, Director of the Health Sciences Research Zone, Pointe-Noire research zone, National
Institute for Research in Health Sciences (IRSSA), 26, Avenue du Havre Zone Industrielle Route Bl, Brazzaville, Congo. Teacher, Department
of Health and Human Biology, Faculty of Health Sciences, Marien N’'gouabi University, Av. des Premiers Jeux Africains, Brazzaville, Congo.
E-mail: anicetboumba1974@gmail.com; https://orcid.org/0000-0001-7675-5133

Patrina Joseph lloukou Mayakia — M.Sc, Doctorante, Laboratory of Virology, Oncology, Biosciences, Environment and New Energy, Faculty of
Science and Technology, Mohammedia, Hassan Il University of Casablanca, Casablanca, Morocco, Department of Health and Human Biology,
Faculty of Health Sciences, Marien N'gouabi University, Av. des Premiers Jeux Africains, Brazzaville, Congo. E-mail: Josephiloukou1@gmail.com;
https://orcid.org/0000-0002-5505-2145

Norvi Rigobert Bienvenu Massengo — M.Sc, Doctorant, Department of Health and Human Biology, Faculty of Health Sciences, Marien N'gouabi
University, Av. des Premiers Jeux Africains, Brazzaville, Congo. E-mail: bienvenumassengo@gmail.com; https://orcid.org/0009-0000-9474-7989

Ragive Parode Takale — M.Sc, Doctorant, Department of Health and Human Biology, Faculty of Health Sciences, Marien N'gouabi University, Av.
des Premiers Jeux Africains, Brazzaville, Congo. E-mail: ragivetakale@gmail.com; https://orcid.org/0009-0009-5402-9013

Donatien Moukassa — M.Sc, PhD, Full professor, Head of Health and Human Biology Department, Faculty of Health Sciences, Marien N'gouabi
University, Av. des Premiers Jeux Africains, Brazzaville, Congo. E-mail: donatienmoukassa@gmail.com; https://orcid.org/0000-0001-6764-7122

Moulay Mustapha Ennaji - Pr., Dr., Group Leader of the Virology Oncology Biotechnology Research Team, Head of the Laboratory of Virology,
Oncology, Biosciences, Environment and New Energies, Faculty of Science and Technology, Mohammedia, Hassan Il University of Casablanca,
Casablanca, Morocco. E-mail: m.ennaji@yahoo.fr; https://orcid.org/0000-0001-5809-0270

Contribution: Ngombe Mouabata D.F.L. — designed and planned the study, collected the samples, analyzed and interpreted the data, wrote
the manuscript; lloukou Mayakia P.J. — analyzed and interpreted the data; Boumba A.L.M., Massengo N.R.B. — data acquisition, data analysis;
Takale R.P. — study sample collection and socio-demographic; Moukassa D. — manuscript review; Ennaji M.M. — study design and planning, and
interpretation, manuscript writing, overall project coordination. All authors have read and approved the final version of the manuscript to be sub-
mitted for publication.

Received 17 May 2024
Accepted 12 July 2024
Published 31 August 2024

UHdbopmauus o6 aBTopax:

Dorine Florence Luthera Ngombe Mouabata — M.Sc, gokTopaHT nabopaTtopvu BUpYCONOrnm, OHKOMNOrNK, BUONOTrMYECcKMX Hayk, OKpyXKatoLen
cpefbl 1 HOBbIX UCTOYHMKOB 3Heprumn (LVO BEEN), dakynsteT Hayk 1 TexHonorui, Moxammeaus, YHnsepcuteT XacaHa |l B Kacabnarke, Kaca-
6naHka, Mapokko, kadegpa 3gpaBooxpaHeHust U Gruonorum Yenoseka, akynsTeT MEAULMHCKUX Hayk, YHuBepcuTeT MapueH Hryabu, Bpasaa-
Bunb, KoHro. E-mail: ngombedorine@gmail.com; https://orcid.org/0000-0001-7065-2934

Anicet Luc Magloire Boumba — M.Sc, PhD, npodeccop, avpektop 30HblI nccnegoBaHuii B obnacTtu 34paBoOXpaHeHusi, uccnegoBaTtenb-
ckas 3oHa [yaHT-Hyap, HauuoHanbHbIn MHCTUTYT uccregoBaHui B obnactu 3apaBooxpaHeHusi (IRSSA), bpassasunb, KoHro, npenogasa-
Tenb, kadeapa 3apaBooxpaHeHust U Buonorun yenoBeka, hakynbTET Hayk O 340poBbe, YHuBepcuteT MapueH Hryabu, BpassaBunb, KoHro.
E-mail: anicetboumba1974@ gmail.com; https://orcid.org/0000-0001-7675-5133

Patrina Joseph lloukou Mayakia — M.Sc, goktopaHT, nabopaTopus BUPYCOMNOrnM, OHKOMNOTrUW, BUONOrMYEecKnX Hayk, OKpy>Katolen cpeapl n
HOBOW 3Hepruu, dpakynsTeT Hayk 1 TexHonoruii, Moxammenus, YHueepcutet XacaHa Il B KacabnaHnke, KacabnaHka, Mapokko, kadeapa 3gpaso-
oxpaHeHus 1 bronorum yenoseka, hakynbTeT MeQNLUUHCKUX Hayk, YHuBepcuTeT MapueH Hryabu, bpassasunb, KoHro. E-mail: Josephiloukou1@
gmail.com; https://orcid.org/0000-0002-5505-2145

Norvi Rigobert Bienvenu Massengo — M.Sc, foktopaHT, kadeapa 300poBbsi 1 6bruonoruy Yenoseka, hakynsTeT MeANLMHCKMX HayK, YHUBepCu-
TeT MapueH Hryabu, BpassaBunb, KoHro. E-mail: bienvenumassengo@gmail.com; https://orcid.org/0009-0000-9474-7989

Ragive Parode Takale — M.Sc, gokTtopaHT, kadheapa 3gpaBooxpaHeHust u Gronorum Yenoseka, akyrnsTeT Hayk O 30opoBbe, YHuBepcuteT Ma-
pueH Hryabwu, bpassasunb, KoHro. E-mail: ragivetakale@gmail.com; https://orcid.org/0009-0009-5402-9013

Donatien Moukassa — M.Sc, PhD, npoceccop, 3aBegytoLmin kacdpeapoii 300poBbsi U Guonorum yenoseka, OakynbTeT MEAULIMHCKUX HayK, YHU-
BepcuTeT MapueH Hryabu, bpassasunb, KoHro. E-mail: donatienmoukassa@gmail.com; https://orcid.org/0000-0001-6764-7122

Moulay Mustapha Ennaji — M.Sc, PhD, npodeccop, pykoBoguTenb nccnefoBaTenbCKon rpynbl BUPYCONOrMmn, OHKoNorum n notexHonorum —
3aBepyloLwmin nabopatopuert BUPYyCONorum, OHKOMOrMmn, BMonornyecknx Hayk, oKpyxaroLlen cpegbl 1 HOBOW 3Heprun, akynbTeT eCTECTBEHHbIX
N TexHu4ecknx Hayk, Moxammegus, YHuBepcuteT XacaHa |l B KacabnaHke, KacabnaHka, Mapokko. E-mail: m.ennaji@yahoo.fr/mymustapha.
ennaji@univh2c.ma; https://orcid.org/0000-0001-5809-0270

Yyactue aBTopoB: Ngombe Mouabata D.F.L. — gusaiiH n nnaHnpoBaHune vnccrnenoBaHusi, coop obpas3uUoB, aHanu3 n UHTepnpeTaums AaHHbIX,
HanucaHue ctatbm; lloukou Mayakia P.J. — aHanu3 n nHTepnpetauus AaHHbiX; Boumba A.L.M., Massengo N.R.B. — c6op AaHHbIX, aHanu3 AaHHbIX;
Takale R.P. — c6op 06pasLoB vccrnenoBaHus 1 coumanbHo-geMorpaduyeckme gaHHole; Moukassa D. — 063op pykonucy; Ennaji M.M. — gusainH n
nnaHnpoBaHue UccrnefoBaHus, MHTEPNPeTaUus, HanucaHne cTaTbm, obLLas KoopamHauus npoekTa. Bce aBTopbl npounTany 1 ogobpunm okoHya-
TenbHY0 BEPCUIO PYKONWUCK ANS NPEACTaBlieHust B nevartb.

Moctynuna 17.05.2024

MpuHaTa B nevats 12.07.2024
Ony6nukosaHa 31.08.2024

308



BOMPOCHI BUPYCOJIOTUW. 2024; 69(4)
https://doi.org/10.36233/0507-4088-240

OPUTUHAJbHbBIE NCCNEAOBAHUA

DOk it 103623 507240 ]

© HOCHK I.H., CEJIMMOBA JL.M., KAJIHUHA JLb., KAIUVIMHA 5.H., 2024
BnusiHne ae3okcMpmboHyKneaTa HaTpUsA C Xerne3omM KoMnrekca
Ha 3KCNPeccuro NOBEPXHOCTHbLIX MapKkepoB Knetok MT-4,
UH(ULMPOBaAHHbLIX BUPYCOM UMMYyHoAed M LMTa YernoBekKa
1-ro Tuna (BUY-1) (Retroviridae: Primate lentivirus group)

Hocuk O.H.', Cenumosa J1.M." , Kannuna J1.B.", KannuHa 3.H.2

"WMHcTuTyT Bupyconorum um. [.1. MiBaHoBckoro ®I'BY «HaumnoHanbHbI ccnegoBaTenbCckuii LEHTP anuaemMuonorum
N MUKPOGMONOrMmM MMeHn noveTHoro akagemuka H.®. Mamanen» MuHagpasa Poccun, 123098, r. Mockea, Poccusi;
2000 «Papwmllak», 105318, r. Mocksa, Poccusi

Pestome

BeepeHune. CoxpaHeHne UMMYHHOW ANCKYHKLUMM NPU Tepanum UMeeT cepbe3Hble NOCNeacTBMsa ANns 340pOBbs
BUNY-nHpMLUMpOBaHHbIX NaumMeHToB. Mo3ToMy BaXKHbIM HanpaBlieHNeM SIBNSETCA MOUCK NpenapaToB, CNOCOOHbIX
CHWXaTb BOCMaNUTENbHbLIN NOTEHLMAN UMMYHHOW CUCTEMBI U CRYXaLnX JONOMHUTENBHBIM KOMMNOHEHTOM NPOTK-
BOBWPYCHbIX f1eKapCTB.

Llenb paboTbl — N3y4nTb BNNSHWE MMMYHOMOZYNMPYIOLLEro Npenapara Ae30KCupuboHyKrneaTa HaTpus C Xerne3om
komnnekc (OHK-Na-Fe) Ha akcnpeccuio MapkepoB akTUBaLMK B KNneTkax nuHumn MT-4, 3apaxeHHbix BUY-1.
MaTepuanbl u metoabl. B kneTkax onpegensnu ypoBHM 3KCMpeccuu Ha nnas3martnyeckon membpaHe 6Genkos
CD4, CD28, CD38, CD62L n HLA-DR. [Ans OueHKM BUPYCHOM aKkTUBHOCTW onpeaensny konuyectso benka p24
METOAOM MMMYHOEPMEHTHOIO aHanu3a.

Pe3ynkTathl M 06¢cyxaeHue. [pu n3yyeHun aKCcnpeccum noBepPXHOCTHbIX MapKepoB NpoaHanuampoBsanu 2 Bapu-
aHTa KNeTOYHbIX NIMHUIA C Pa3HON PensIMKaTUBHON akTUBHOCTbLIO. TeCcTUpoBanmn KOHTPOSbHbIE KNETKM, KNETKN, Kynb-
TuBupyemble B npucytcTBum [IHK-Na-Fe, 3apaxeHHble KneTkun 1 3apaxeHHble KNeTKW, KynbTUBUpYEMble B NPUCYT-
cteuun [IHK-Na-Fe. Ha ocHoBaHUM NonyYeHHbIX pe3ynbTaToB MOXHO cAenaTh BbIBOA, O TOM, YTO NPOTUBOBUPYCHAasA
aKTMBHOCTbL npenapata npu 3apaxeHun MT-4-knetok BUY-1 cBsizaHa ¢ UMMYHOMOAYNMPYHOLEN aKTUBHOCTbLIO,
n3meHsoLwen akcnpeccnio membpanHbix 6enkos CD4, CD28, CD38 n CD62L. Habniogaemoe pasHoobpasme BO
BnusHuM JHK-Na-Fe Ha akcnpeccuio M3yyYeHHbIX MOBEPXHOCTHbIX BEMnkoB B ABYX MUHUAX KINETOK, YKa3biBaeT Ha
TO, YTO OHO 3aBWUCUT OT OCOBEHHOCTEN COBOKYMHbIX MOMEKYNAPHO-6MONOrMyecknx NpoLeccoB, NPOUCXOAsLLMX B
knetkax. A ycuneHve addekToB, HabniogaemMbIx B KNeTKax C MNOBbILEHHOW pennmMKaTBHOWM akTUBHOCTbLIO, Npea-
nonaraet aktusHoe yyactue [JHK-Na-Fe B pennvkaumu Bupyca Ha ctagmsix MPOHUKHOBEHNS U MOYKOBAHUS.
3akntoueHue. Viccnegosanus nokasanu, yto JHK-Na-Fe obnagaet npoTMBOBMPYCHOWM U UMMYHOMOAYNVPYIOLLEN
aKTUBHOCTbIO.

KnioueBble cnoBa: BUY-1; [IHK-Na-Fe; MT-4; CD4; CD28; CD38; CD62L; HLA-DR

Onsa umtuposanusa: Hocuk [.H., Cenumosa J1.M., KannuHa J1.B., KannuHa 3.H. BnusHue aesokcnpuboHykne-
aTa HaTpus C Xene3oM KOMMIeKca Ha KCNPeccuio MOBEPXHOCTHLIX MapKepoB kneTtok MT-4, nHULMPOBaHHbLIX
BMPYCOM UMMyHoZedmumuTa Yyenoseka nepsoro Tuna (BUY-1) (Retroviridae: Primate lentivirus group). Bonpocsl
supycormnoauu. 2024; 69(4): 309-319. DOI: https://doi.org/10.36233/0507-4088-240 EDN: https://elibrary.ru/uzipzs
®duHaHcMpoBaHue. ABTOpPbI 3asBAOT 06 OTCYTCTBUM BHELLHErO (OMHAHCMPOBaHWS MPW NPOBEAEHUN UCCMEA0BaHUS.
KoHdnukT nHtepecoB. [Je3okcnpuboHykneat HaTpus C xxene3oM kommnnekc npegoctasneH OO0 «Papmllaky», Poccus.
B aBTOpCKMIA KONNEKTUB BXOAUT addpUnmMpoBaHHbIA COTPYAHWUK KOMaHum padpabotyrka — OO0 «PapmMIapky», He aBns-
towmiica CEO. OO0 «PapmMIapk» He BbICTynan B ponv CNOHCOPa UccneaoBaHus.
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Abstract

Introduction. The persistence of immune dysfunction during therapy has serious consequences for the health of
HIV-infected people. Therefore, an important direction is the search for drugs that can reduce the inflammatory
potential of the immune system and serve as an additional component of antiviral therapy.

Aim - to study the effect of the immunomodulatory drug Sodium deoxyribonucleate with iron complex (DNA-Na-
Fe) on the expression of activation markers in MT-4 cells infected with HIV-1.

Materials and methods. Expression levels of CD4, CD28, CD38, CD62L and HLA-DR proteins on the plasma
membrane were measured in cells. To assess viral activity, the p24 protein was quantified by ELISA.

Results and discussion. The two cell variants with different replicative activity were analyzed. Control cells,
cells with DNA-Na-Fe, infected cells and infected cells with DNA-Na-Fe were tested. Based on the results
obtained, it can be concluded that antiviral activity of the drug in MT-4 cells infected with HIV-1 is associated with
immunomodulatory activity that enhances the expression of membrane proteins CD4, CD28, CD38 and CD62L.
Diversity in the effect of DNA-Na-Fe on the studied surface proteins expression in two cell lines indicates that they
depend on the characteristics of the combined molecular biological processes occurring in cells. And the increased
effects observed in a system with changes in replicative activity assumes its active participation in virus replication

at the stages of virus penetration and budding.

Conclusion. Studies have shown that DNA-Na-Fe has antiviral and immunomodulatory activity.
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BBenenue

Teuenne uH(pEKIUH, BHI3BAaHHOM BHPYCOM HMMYHO-
nedumura yenoseka 1-ro tuna (BUY-1), TecHO cBs3aHO
¢ (GYHKIMOHHPOBAHWEM HWMMYyHHOW cuctembl. BUU-1
MHOUIUPYET KIETKH HMMYHHOW CHCTEMBI, COAEpKa-
ue ocHoBHOM Mapkep CD4. B pesynbrare aeicTBus
XOpOIIO CKOOPJAMHUPOBAHHBIX IMaTOTCHETHICCKUX Me-
XaHU3MOB, HCIIONB3YEMBIX BUPYCOM, Pa3BUTHE HHGEK-
UK TIPUBOJUT K HAPYILICHHIO (DYHKIIMOHUPOBAHUS BCEX
3BCHHCB MMMYHHTETA. 3alllUTHBIC PEAKINH XO3SMHA
CIIOCOOCTBYIOT KOHTPONIO M MONABICHUI0 HHQEKIINU
MOCPEACTBOM aKTUBAIIMM HECKOJIBKHX IyTeH TPAaHCAYK-
WU, KOTOPBIC CIIY)KaT sl HEHTpaau3aIlliil BHPYCHBIX
MEXaHU3MOB PEIUTUKAIINN B WHMUITUPOBAHHBIX KIETKAaX
[1]. Bcecroponnee wusydenue B3aumonerictBus BUY
¥ KIIETKU-XO35MHA SIBIICTCS KIIOYOM K pa3pabotke d¢-
(heKkTUBHBIX cxeM JeueHust nHpekmun. [Ipeacrapusercs
BaXKHBIM TaKXe ONOJHUTENbHOE IOHUMaHHE UMMYHHO-
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ro kouTponst BUY-1 y moneit, KOTopble caMOCTOATENBHO
KOHTpOIHpyIoT uH(pekmmo [2]. HecmoTpst Ha mporpecc
B NPO(MIAKTUKE W JIeUEHHH, IIABHBIM MPEMSTCTBAEM
B 3(p(pEeKTHBHOCTH XUMHOTEPAITHH SIBIIICTCS BOSHUKHOBE-
HUE JOJITOKHUBYIINX JAaTEHTHBIX pe3epByapoB Bupyca [3].
3a 6onee yeM 40-neTHHi iepuo n3yveHus BUY-undek-
MU ¥ CO3TaHus OONBIION TPynmb! dPPEKTUBHBIX MPO-
TUBOBUPYCHBIX TPENapaToB, BHEIPEHUS KOMIUICKCHOMN
aHTuperpoBupycHoii Tepanuu (APT) ObutH TOCTUTHYTHI
CYIIECTBEHHBIC PE3YNBTAThI, TTO3BOJIUBIIUE YITYUIIUTH
OpraHu3aIlMI0 Mep 1Mo 60prde ¢ pachpocTpaHeHHuEM 00-
JIE3HH U TIOBBICHTH Ka4eCTBO KHM3HHU IIONEH, YKUBYIIHX
¢ BUY (JDXXB). [1o nanaeiM O6beqHEHHOH TPOTpaMMBbI
Opranuzannn OObenuHenHplx Hanwii 1o BUY/CITN
(FOHBUC, UNAIDS), x 2023 r. yucno JIKB octas-
nsuto okono 39 (33,1-45,7) mua genosek. [late crpan:
borceana, OcBarunn, Pyanna, Tanzanus u 3umbadee —
K 2022 1. ye JOCTUTIIH 1IeJIeil TECTUPOBAHUS U JICUECHUS
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10 HOBOM CTpaTeruu FOHAMIC na 2021-2026 rr. Lle-
JIbIO CTPATErUH SIBJISETCS NOCTHXKEHUE NoKas3arenen «95—
95-95» (95% JDKB 3narot o ceoem BUUY-craryce, 95%,
3HAIOIUX CBOM ctaryc, moiydaior APT, 95%, nomyda-
IONINX Tepanuio, AOCTUIIH HEONPEAeNieMOr0 YpOBHS
BHUPYCHOM Harpy3ku). HecMoTps Ha 3TOT HECOMHEHHBII
yCIHEeX, CYLIECTBYIOLIUE CTPATET U JICUEHUSI UMEIOT OTpa-
HudeHus. J1st MHOTHX OONBHBIX TOKM3HEHHOE JICYCHUE
sBIsieTcs clIoKHOW 3amaded. IlpuBepxenHocts k APT
ocTaeTcsi mpodIeMoif, 0COOEHHO Cpeln TeX MaIMeHTOB,
KOTOpPbIE HE MOTYT IOJHOCTBIO COOIIONATh PEKUM JIede-
Husl. TOKCHYHOCTD JIEKAPCTB U COXPAaHEHUE MMMYHHOMH
muchynknuu npu APT nMeroT cepbesHbIe MOCIeACTBUSL
JUTSL 310pOBBS. JTH (HaKTOPHI MOAYEPKUBAIOT BaKHOCTH
IIOMICKa HOBBIX CpeAcTB O00pbOBI ¢ BupycoM. Ilonck a¢h-
(DEeKTHBHBIX METOIOB TEpallH B HACTOSIEE BpeMs SB-
TSETCs KITI0UeBhIM mpuoputeToM st BUY-coobmecTs.
Ocoboe MecTo 0TBOIUTCS MPObIEMe U3yUeHNST UMMYHO-
MOAYJIHPYIOUINX MpPEnaparoB, CIIOCOOHBIX CHIKATh BOC-
MANTMATENBHBIN TIOTEHIIHAN KIETOK MMMYHHOH CHCTEMBI
[4]. LlenenanpaBieHHOE JIEUEHUE BOCIAJICHHS SIBISCT-
Csl BEPOSATHOM CTpaTerHeil CHIKEHHUS! pUCKa 3apa’keHUs
BUY u 3amemieHus mporpeccupoBaHHs 3a00JIEBaHMS.
XpoHHUYECKOE BOCIMAJEHHE M HapylleHue (QyHKuui
CD4*-T-mumonuToB HAOMIONAIOTCA Jdake HpU dPPeK-
tuBHOW APT. Ilpubmusurensro y 15-30% mnamueHToB
HE MPOHCXOJUT ONTHMAJIBHOTO BOCCTAHOBJIEHHUS KOJH-
yectBa CD4'-T-knerok [5]. JlekapcTBeHHBIE TIpemapaThl
Ha OCHOBE IPHPOIHOTO CHIPhS C YMEHBIIEHHBIMH 10004~
HBIMHU 3(QPeKTaMi B COUETAaHUU C TPOTUBOBOCIIATIUTENb-
HBIMU CBOMCTBAMH SIBIISIIOTCS IEPCIIEKTUBHBIMY BapUaH-
tamu. [IpOTHBOBHPYCHBIM M HMMYHOMOIYTHPYIOIINM
CBOWCTBaMHU OONafal0OT Mpenapar Ae30KCHPHOOHYyKIeaT
Hatpus (JJHK-Na) u ero xommnekc ¢ xene3om (JJHK-Na-
Fe), coznannrie Ha ocHOBe aByxHuteBoi JIHK mpupon-
HOTO MpoucXoxaeHus [6, 7].

Lear uccaegoBanusi — usydeHue sxcnpeccuun CD4,
CD28, CD38, CD62L u HLA-DR 6enkoB 1uromnia3Ma-
tudeckoit MemOpansl CD4*-T-nmum¢pounToB HeoracTu-
yeckor KiIeTouHoH Jinauu MT-4 [8], nHpumpoBaHHON
BUU-1, B npucyrcteuu JIHK-Na-Fe.

MaTepna.m,l U METOAbI

Knerkn MT-4 ObU TOMyYeHBI W3 KOJUICKIMH KITe-
TouHbIX TMHUM WHctutyra Bupycomornu um. (M. HBa-
HoBckoro ®I'BY «HUIIBOM um. H.®. I'amanen» Mun-
3apaBa  Poccun. Knerkn KynsTuBMpoOBaM B cpene
RPMI 1640, conepsxkameii 10% CBIBOPOTKH 3MOpHOHA KO-
poBel, 2 MM L-mmrorampiHa U 50 MKI/MJI TEHTaMUIIMHA,
B armocdepe 5% CO, npu temneparype +37 °C. Ilepe-
ceBay uepe3 3—4 CyT, MIOTHOCTh TIPH IIEPECceBE COCTaB-
astma 2,5-3,0 x 10° xi/mut. 171t 3apaskeHust HCIIOb30BAIH
mrramm BUY-1/899A, noimydeHHBII 13 KOJDICKIIUH BHPYCOB
Wucruryra Bupyconorun uM. J.U. MBanosckoro ®I'GY
«HULSM nm. H.®. I'amanen» Munznpasa Poccuu. Bupyc
[TACCHPOBANIM Ha KJIETKaX B KYJIBTYPaJIbHBIX (IAKOHAX 00B-
emoM 50 M1 B TedeHHe 5—7 CyT 10 pa3BUTHS BHIPAKEHHOTO
[UTONATHYeCcKOro dddeKra, 00HapyKUBAEMOTO TI0]] CBETO-
BBIM MHKPOCKOIIOM. 3aTeéM OTOHpaH KyJIETYPaIbHYIO KU
KOCTb ¥ OIpeNesUIM MH(EKINOHHBIN TUTP, BBIPAKAaeMBbIit

OPUTUHAJbHbBIE NCCNEAOBAHUA

B lg THW/L, /M1 (50% TkaneBas uTOnaTHyecKas MHPEKIH-
OHHast 103a). [0 NCTIONB30BaHMS AJTUKBOTHI MPOO XPaHMIIN
npu —80 °C. Knetku 3apaxaii BUPyCOM IIPU MHOXECTBEH-
Hoctn uudekumuu oxono 100 T/, /xnetka. Jlns usyye-
Hust BiusiHus JIHK-Na-Fe Ha skcripeccHio NOBEpXHOCTHBIX
0eNKoB B KyJbTypasbHYyIo skuakocTh BHOcH JJHK-Na-Fe
1o KoHeUHOU KoHIeHTparuu 500 mr/mit (pazpadoraunk OO0
«®Papmllax», npouszsoacteo OO0 «®D3 MMMyHOILIEKC).
Kommepueckuii pacTBOp COAEpKUT 15 MI' HaTpust J€30KCH-
pubonykieara u 0,048 Mr jxene3a OKUCHOTO XJIOpHIA B 5 MIT
BOJIBI TSI MHBEKIHi). Uepes 48 u 72 4 mocie KyIbTUBHPO-
BaHUs IPOO ONPEENISIIN )KU3HECTIOCOOHOCTH KJIETOK B IIPH-
CYTCTBHH TPHUIIAHOBOTO CHHETO M OTOMpAITH aJUKBOTHI IS
OIIpesieNIeHrs] KoIu4decTBa Oenka p24 MeTomoM HMMYHO-
(hepMEHTHOTO aHaIM3a C HCIOIb30BAaHUEM KOMMEPUECKOH
tect-cucteMbl (Genscreen ULTRA HIV Ag-AB, «buo-
Pony, @pannus). YpoBeHs MHTMOMPOBAHUS BUPYCHOM aK-
THUBHOCTH B IIPOIIEHTAaX ONpPEAEIISUIH 110 (hopMmyIe:

(OITI - KB / KK — KB) x 100%,

rae: DIl — moka3anus ONTHYECKON MIIOTHOCTH DKCIIEe-
pUMEHTaNBHBIX P00 ¢ penaparoMm; KB — mokas3anus on-
TUYECKOW TIOTHOCTH KOHTPOIIS BHpyca (0e3 mpemnapara);
KK — nokazaHust KOHTPOJI KJIETOK.

IToxa3aHus JIyHKH, HE COJEPKALIEH KIETOK, aBTOMATH-
YECKHU BBIYUTAIIH IIPU ONPEIEIICHUHN ONITUYECKOM MIIOTHO-
CTH UccleyeMbIX Ipo0. OnbITHBIE TPOOBI UMEIH TI0 TPU
Tapaniesny.

Juis aHanm3a HapyXHBIX (PEHOTHITUYECKUX MapKepOB
KJIETKH OKpAIIWBAJIM MOHOKJIOHAJIGHBIMH aHTHTEIaMHU
¢upmbr Beckman Coulter (CLLHA): CD4 (PE wmm PCS5),
CD28 (PC5), CD38 (PC5), CD62L(PE), HLA-DR (PE),
IgG1 (PE), IgG1 (PC-5), IgG2a (PE). Cycnensuto kie-
TOK TIpeaBapUTelIbHO OTMBIBanK 3 pasa B 0,01M doc-
¢darHO-coeBoM OydepHoM pactBope (pH 7,2) myTtem
nerTpudyruposanus npu 800 06/MuH B TeueHne 6 MHH.
3areM cycleHANpPOBAJIHd B TOM K€ PacTBOpE IPHU KOH-
teHTpanuu 2 X 108 ki/mir. AHamu3 OKpalieHHbIX KJIETOK
MIPOBOAWIN Ha TpoTodHOM nuTtoduryopumerpe EPICS XL
(Beckman Coulter, CIIIA). IToxy4eHHBIE THCTOIPaAMMBI
OBLTH 00pa0OTaHKI C HCIIONIb30BaHUEM TTporpamMmel Kalu-
za (Beckman Coulter, Software Version 1.2, CILIA).

CTraTuCTHYEeCKUI aHalu3 JAaHHBIX OCYIIECTBIIAIH
C HCITOJIb30BaHUeM IporpamMmbl BioStat v.5 (AnalystSoft,
CIIA) u Kaluza. YpoBeHp 3HaumMocTd (0) OBLT pa-
BeH 0,05, konebaHus Ko3QPUINEHTOB BapHaIliK BO BCEX
M3y4YeHHBIX 00paslax Mpu CpaBHUTEIHHOM aHAIIN3e pe-
3yJIBTaTOB IUTOMETPUH OBLIH B Ipenenax HopMal (> 10%).

Pe3yabTarnl

BonmpmmHCTBO O€IKOB TUTa3MaTH4eCKod MeMOpaHBI
MMMYHHBIX KJIETOK SBIISFOTCSI MHOTO(YHKITHOHATFHBIMH,
U WX aKTHBHOCTh MOXKET OINPENENAThCS MHOTUMHU (hak-
topamu. Knerku MT-4 — 310 Heornactuueckue CD4 -
T-nmumormtel, TpanchopMmupoBanHele T-muMQoTpon-
HBIM BHpycoM dYenoBeka 1-ro tuma (Retroviridae: Ort-
horetrovirinae: Deltaretrovirus: Human T-lymphotropic
virus type 1, TJIIBU-1). U 3Ta uX 0COOEHHOCTH, a TaKXe
BHY-1 moryt OBITH MpUYUHON KOJEOAHUH B DKCIpEC-
CHUH Pa3JIMYHBIX PETYIATOPHBIX OENKOB KIETKH B IIEJIOM
1 MeMOpaHHBIX 6eJKOB B YacTHOCTU. ClieyeT OTMETHUTH,
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YTO IPH aHAITN3€ KOHTPOJIBHBIX KJIETOK B HAIITUX UCCIIE0-
BaHUIX HEU3MCHHBIMHU OBLTH TaKHE TTOKA3aTEIH YKCIIPEC-
cuu MeMOpaHHBIX O€JIKOB, Kak KommuectBo CD4*, CD257,
CD95" u HLA-DR". Ilpaktuuecku okono 100% xnerox
cozepKaid 3T Mapkepsl [9]. B konuuecTBe ocTambHbIX
MapKepoB HaOMIOAAINCh CYyLIECTBEHHBIE KoJeOaHMs.
Bupycnpoaynupytomiass akTHBHOCTh KIIETOK B TIpoOIlec-
ce JUINTENBHOTO KYyJIHTUBHPOBAHUS TaKXKEe MOXKET Me-
uaTecs. [loaToMy B paboTe MCIONB30BaIH ABA BapuaHTa
KIIETOK, KOTOpBIE OBUTH 3aMOPOXKEHBI B Pa3HBIE MTEPUOIBI
KyJBTHBHPOBAHUS, OJHOBPEMEHHO TIOMHATHI W3 a30Ta
u obo3nauensl kak JI1 u JI2. CoiicTBa KIETOK JIHHUU
JI1, MoguduIIMpPOBaHHBIX TIO JIBYM ajlIeNsiM T'eHa ccrd,
Obutn ommcanbl paHee [10]. 3apakeHue KIETOK M OKpa-
IIMBaHHE MOHOKJIOHAJIBHBIMH AHTHTEIAMH TMPOBOIIIN
B O/INHAKOBBIX YCIOBUSIX B OJJHOM U TOM € dKCIIEpUMEH-
te. XKu3HecnocoOHOCTh KIETOK depe3 48 u 72 4 mocie
aHaJlM3a BCeX OMBITHBIX Mpob cocTasisuia 95% u Gonee.
Bo Bcex ombITax ypoBeHb BUPYCHOM aKTHBHOCTH 0€3 J10-
OaBreHUS mpemnapara depes 48 9 mocie 3apaxXeHus ObLT
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MPAKTUYECKU OJUHAKOBBIM, yepe3 72 4 B JI1 akTUBHOCTH
BHpYyca OblTa B cpeTHeM MpUOIM3UTENbHO B 1,2 pas3a BeI-
me. Kak npaBuio, MakcumainbHas BUPyCHas aKTUBHOCTh
B HCTIOJIb3yeMOW HaMH MOJIENIN «BHPYC—KIIETKa» HaOIto-
Jaetcst Ha 5—6-e cyTku mocie 3apaxeHus. M3ydeHue
nporuBoBupycHoil akruBHOocTH JIHK-Na-Fe mnoxkaszano,
4TO B KieTkax JuHUU JI1 ypoBeHb MHTHOMPOBAaHUS BH-
pycHoii akTuBHOCTU cocTaBisut 32 £ 1,7 u 49,6 £ 1,3%,
BJI2 — 13,8 + 2 u 26,7 + 1,4% uyepe3 48 u 72 4 mocine
3apakeHUs1 COOTBETCTBEHHO.

Ha pmue. 1 nmpencrasieHbl pe3ysbTaThl ONPENEICHUS
KOJIMYECTBA KIJIETOK, COAEPIKAIIUX CIIETYIOLINE IMOBEPX-
HOCTHBIE Mapkepbl — CD4*, CD28*, CD38*, CD62L"
u HLA-DR". Beun nmpoaHaM3upOBaHbl HE3apaKEHHbIE
knetku (K); HezapaxxeHHBIE KIIETKH, KyJIbTUBHpPYEMbIE
B mpucyrctBun JIHK-Na-Fe (®); 3apaxeHHBIC KIIET-
ku (B); 3apakeHHBIE KJIETKH, KYJBTUBHPYEMBIE B IIPH-
cyrcteuu JIHK-Na-Fe (® + B). U3 pucynka BuznHO, 4TO
yepe3 48 4 mocne 3apakenus konnuectBo CD4*-knetok
BO BCEX Mpo0ax JABYX JIMHUH OBLIO MPAKTHIECKU OIMHA-

m CD4+

mCD28+
CD38+
CD62L+

® HLA-DR+

®+B
F+V

484 724

484 724

m CD4+

Puc. 1. Pe3ynbrarsl onpeeneHus KOJIHYecTBa
KJIETOK, COZIEPIKAIIIX IOBEPXHOCTHBIC MAapKEPhI
KeTouHoM muHun MT-4, ¢ ucrnonas30BaHUEM
MeTOo/a MPOTOYHON [TUTOMETPHH.

mCD28+
CD38+

CD62L+
a —JI1, 6 — JI2. K — xoHTpONbHBIE KIeTKH; @ — KIeTKH,

kysabTuBupyemele ¢ JIHK-Na-Fe; B — 3apakenHble kiet-
KU, d +B - 3apaKCHHBbIC KJICTKH, KYJIBTHUBUPYEMBIC C
JIHK-Na-Fe.

Fig. 1. The results of determining the number of
cells containing surface markers of MT-4 cells
using the flow cytometry method.

a— L1, b-L2. K- control cells; F — cells cultured with
DNA-Na-Fe; B — infected cells; F + B — infected cells
cultured with DNA-Na-Fe.

= HLA-DR+
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KOBO U cocTasisieT oT 94 no 99%. Ilpucyrcreue JJHK-
Na-Fe B po6ax @ nu @ + B He MEHsUTO 3HAUYCHUS I10-
kazatens. Ilo mHTeHCHBHOCTH (nyopecuenunu (MP;
MOKa3aTelb MIOTHOCTH SKCIPECCUH MapKepa WU Ccpell-
Hell MHTEHCHBHOCTH (hIyopecleHINH) CYIIeCTBEHHBIX
M3MEHEHUI Takke He HaOmomanock. Uepes 72 4 mocie
3apakeHHsl KONMYECTBEHHBIH MOKa3aTelNlb TaKke MPaKTH-
YeCKH He MEHSUICA I BCeX Mpod, 3a MCKIIoueHneM B.
OTOT MoKa3aTens CylniecTBeHHO cHIbKaeTcs A JI1 (mpu-
Omm3uTenbHO Ha 27%) n HesHaunuTeNbHO (~ 5%) ms JI2.
B npucyrcreun JIHK-Na-Fe on yBenuuuBaics 1 npakTu-
4yecku cooTBeTcTBOBaJ Ipobam K u @. Pesynbrars! ams
npo6 JI1 mpencrasieHsl B BUAE OAHONApaMETPHUUCCKUX
rucrorpaMm Ha puc. 2 (a). BugHo, 9T0 HacTh KieTok
B npobe B tepser aTot Mapkep, a nob6asienue JJHK-Na-
Fe ycrpansier sddexr. U3 rucrorpamMMm Takxe BHUIHO,
yTO npenapar cHkan Md He3apakeHHBIX KIIETOK, a II0-
BBIIICHUE KOJIMYECTBA 3apPaKEHHBIX KJIETOK, HECYIIUX
CD4*, npo6s1 @ + B compoBoxkaaiock nmoeimeHneM KO
n cootBeTcTBOBajO pode d. [To UD CD4*-xireTok mpod
JI2 nabmromanachk cXomHast JUHAMUKA.

Kak BumHO M3 puc. 1, umMeroTcs pasnudus B KoJlude-
ctBe CD28"-kieTok uepe3 48 u 72 4 nociue KyJIbTUBUPO-
BaHus. s nmuaMu knetok JI1 OblIo 3aperucTpupoBaHO
€ro CyIIeCTBEHHOE CHIKEHHE OoTHocuTenbHO K Bo Bcex
pobax gepe3 48 4. Uepes 72 9 3TOT mMoKazareiah OTHO-
CHUTEJIBHO KOHTPOJIS CHIKaJICA B Mpode @ u HaubosbIee
cHmkeHue (~ 64%) ormeuanoch B npode B. s mpoOst
@ + B on nosbiuancs 10 yposHs K. [l kineTox JuHUM
JI2 gepe3 48 u 6buTM 3a(UKCUPOBAHBI HE3HAYHUTEIBHBIE
koeOannst kommdecTBa CD28-KIIETOK OTHOCHTEIBHO
KOHTpOJIS, Yyepe3 72 4 BO BCEX OMBITHBIX IPOOax 3TOT

»
>

KommgectBo kimeTox (%)
Relative cell number (%)

a/a o/b

OPUTUHAJbHbBIE NCCNEAOBAHUA

MoKa3aTesb CHrbKajICs npuomusuTensao Ha 10,0 £ 2,6%.
3ameTHble n3MeHenns B D mabmroganuch Toasko B JI1
yepes 48 4 (puc. 2 6). BugHo, 4T0 BO BCeX dKCIIEPUMEH-
TaJdbHBIX Tpobax V@D Hmke KOHTPONS W TPaKTHYECKU
UICHTUYIHA I BCEX OMBITHBIX Tpo6. Takum oOpazom,
mo ypoHI0 3kcupeccun CD28 MOXXHO 3aKIIIOYUTH, UTO
JIHK-Na-Fe cHnxkaeT KoIU4ecTBO KJIETOK, COAEpKaITUuX
3TOT Mapkep. Takxke 3apakeHUE KIETOK MIPUBOIUT K CHU-
SKEHHIO SKCIIPECCHU ITOTO OEJIKa, HO SIBHEIHN () (deKT mpo-
ABJISIICS Yepe3 72 4 mocne 3apaxeHus. CylIecTBEHHBIX
3aKOHOMEPHOCTEH M0 YpoBHIO dKcpeccuu Oenka CD28
B 3apaxeHHbIX KileTkax B npucyrcreuu JJHK-Na-Fe BbI-
SBHUTH HE ynanock. Ho 3ToT mokazarenb ObLT HUXKE WU
cpaBHUM ¢ ipobamu K.

B GonbomHCTBE ONBITHRIX TPOO HAOIIOAATIOCH CHIKE-
Hue kommdectBa 6enka CD38* miis obeunx nmunuit (puc. 1).
Hau6onpmee — st JI1 B 3apaskeHHBIX KIIETKAX depe3 72 4
(~ 52%). B ocTanbHBIX cIydasX CHIXKEHHE IKCIIPECCHH
3TOro OElika B 3apakKEHHBIX KIIETKaX OBUIO CIIETYIOIINM:
okoso 20% B JI1 uepe3 48 4 mocie 3apakeHUs] U OKO-
110 6% vepe3 72 4 B JI2, mub0 HE M3MEHIIOCH (Uepe3 48 u
B JI2). B obeux muuusax nobaenenue JIHK-Na-Fe cHu-
’KaJI0 YPOBEHB SKCIIPECCHUU ATOTO OEJKa B MIPEeax OKo-
10 27-40% B TeueHHe BCETo Mepuoa KyJIbTHBUPOBAHUS
KIeTOK. M 3TOT mokazareib CyINIECTBEHHO HE MEHSIICS
MIPU CPABHEHUU C MPOOaMHU, B KOTOPHIX 3apakeHUE KIle-
TOK TPOBOOWIMA C IMpemaparoM, pa3HHUIAa COCTaBIsLIIa
+ 5%. IIpu aTom akcripeccus 6enka CD38 B 3apaskeHHBIX
kieTkax mpu godasnennu JIHK-Na-Fe Bo Bcex mpobax
Oputa cymectBeHHO Hmke K (mpubmusurtenbHo Ha 22—
37%). CrabunbHoe cHmxeHne D Bo Bcex mpobax Ha-
OronaI0Ch TONLKO B JI1, ¥ B OonbIel cTeneHn ObUIO BBI-

6/c

»

HNutencuBHOCTS (iryopeceHInn
Fluorescence intensity

Puc. 2. OnHonapameTpruiecKie THCTOrpaMMbl PacTIpe/ieNieHnst KIETOK, Cofiep KallluX moBepxHocTHEIE Mapkepsl CD4, CD28, CD38.

CD4" — uepe3 72 u nocie 3apaxenust JI1 (a); CD28" — uepe3 48 u nocune 3apaxenus JI1 (6); CD38" — uepes 48 u nocne 3apaxkenus JI1 (6). K — koHTponbHbIE
wietkn; @ — kierku, kynsrusupyemsle ¢ JIHK-Na-Fe; B — 3apaxennsie kierku; @ + B — 3apaxenHble kieTky, KynsruBupyemslie ¢ JJHK-Na-Fe.

Fig. 2. Single-parameter histograms of the distribution of cells containing surface markers CD4, CD28, CD38.

CD4" — 72 hours after infection L1 (a); CD28" — 48 hours after infection L1 (b); CD38" — 48 hours after infection L1 (c¢). K — control cells; F — cells cultured with
DNA-Na-Fe; B — infected cells; F + B — infected cells cultured with DNA-Na-Fe.
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MHTEHCHUBHOCTD ()ITyOpECIICHIINN

Fluorescence intensity

Puc. 3. OnHonapaMeTpudeckre THCTOrPaMMBbI PaclpeieeH sl KJIETOK, COEpKAIINX MoBepXHOCTHBIe Mapkepsl CD62L u HLA-DR.

CD62L* — JI1 uepe3 48 u nocne 3apaxenus (a) u 72 4 nociue 3apaxenus (6); HLA-DR*'— gyepe3 48 1 nocune 3apaxenus JI1 (6) u JI2 (2), JI2 yepe3 72 1 nocne
3apaxenus (0). K — kontponbabie kinetkn; @ — kierkn, Kynsrusupyemsie ¢ JIHK-Na-Fe; B — 3apaxennsie kinetku; @ + B — 3apaxkeHHbIe KICTKHU, KyIbTHBHDY-
emble ¢ [IHK-Na-Fe.

Fig. 3. Single-parameter histograms of the distribution of cells containing surface markers CD62L and HLA-DR.

CD62L" — L1 48 hours after infection (a) and 72 hours after infection (b); HLA-DR* — 48 hours after infection L1 (¢) and L2 (d), L2 72 hours
after infection (e). K — control cells; F — cells cultured with DNA-Na-Fe; B — infected cells; F + B — infected cells cultured with DNA-Na-Fe.

pakeHo depe3 48 4 (puc. 2 6). B JI2 B mpo6ax @ + B stor
MoKa3aTens ObUT mpakTrdecku paBeH K, a B mpobax, rie
MPHUCYTCTBOBAJ Ipernapar, ObUIO 3aperuCTPHUPOBAHO €TI0
HE3HAYHUTETHHOE CHIKEHUE — IPUOIM3UTENBHO HA 7—9%.
Kak BugHO, 3TOT moKa3zarenas ObUT HIDKE BO BCEX IMpodax
otHOCcHUTenbHO P00kl K. Takum 00pa3oM, MOJKHO 3aKJTIO-
quth, uT0 JJHK-Na-Fe camkan sxcpeccuto 6emka CD38
B HE3apa)KCHHBIX M 3apaKCHHBIX KJICTKAX.

Nzyuenue skcripeccun 6enka CD62L mokaszano, 4To
B JI1 BO Bcex mpoOax HaOmrOmanIoch yBeJIHYeHHE Kie-
TOK, HECYIIHNX 3TOT MapKep, 0 CPAaBHEHHUIO C KOHTPOJIEM
yepe3 48 u 72 4 mocne 3apaxenus (puc. 1 a). B Hesa-
paxennbix kierkax [IHK-Na-Fe ypennuuBan stoT mo-
Ka3areinb NPUOTU3UTENIFHO B 3 pa3a IO CpPaBHEHHUIO
¢ K. Cy1ecTBeHHOE YBEIMYCHUE OTMEYAIOCH IS TPOOBI
B depe3 48 u (~ 4 pasza) u HesHauuTenpHOE (~ 1,2 pasza)
gepe3 72 4. B nmpobe @ + B uepe3 48 4 on ObuT cpaB-

314

HUM C TMOKa3aHUsAMHU MpoOsl @, gepes 72 4, ObUT HIDKE
nokazanuit @ u Beime B. Bo Bcex mpo6ax JI1 HaOmona-
Jock Takke ypenuuenue D (puc. 3 a u 6). Hckimroue-
HHE cocTaBisia mpoda B depe3 72 4 mocne 3apaxeHust
(puc. 3 6). Pesynprarsl, nomydeHssle aist J12, ciaoxHO WH-
TEePIPETUPOBATh, T.K. KonuecTBOo CD62L"-KkneTok ObLI0
HE3HAYNTEIBHBIM. MOXKHO TOJIBKO OTMETHTh, YTO B IIe-
JIOM KMHETHKa Oblta cxomna ¢ JI1.

KomnuectBo xnerok HLA-DR* nis o0enx IuHUNA 4e-
pe3 48 u 72 9 cocTaBiIsIIo IS BCeX MPod oKoito 99+5%.
B orHomennn D HEOOXOMMMO OTMETUTH CIETYIOIINE
cymectBeHHble u3MeHenus. [lna JI1 stor mokaszareinn
VBEIMYUBAIICS depe3 48 4 BO BCEX OMBITHBIX 00Opa3Iax
OTHOCHUTENFHO KOHTpOIsI (puc. 3 ), HO B pobax ¢ JJHK-
Na-Fe (® u ® + B) B Oonbliieii ctenenu, uem B mpode B.
Yepes 72 u UD HecymecTBEHHO MOBBIMANICS B Tipode O
n ®© + B u camxkancs B npobe B. Anammz npo6 JI2 mo-
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Kazajl cienyrollie 3HAaYeHHUsS OTHOCHUTENBbHO KOHTPOJIS.
UYepes 48 u JIHK-Na-Fe cHmxan U®. Hanuuue Bupy-
ca CyIIECTBEHHO IOBBIIIAJO 3TOT MOKa3arenb. B mpobe
@ + B oTOT mMokazarenb CHIDKaJCS, HO OBbLI BBINIE, YeM
st ipo6 K u @ (puc. 3 2). Uepes 72 u UD Obut HUKE,
4yeM B KOHTpOJIE, BO BCEX OMBITHBIX 0Opa3max. [Ipu atom
CHIDKEeHHe ObUTO Hanbosee BEIpakeHo B pode B, B MeHb-
mei crernienu B mpode © + B. JIHK-Na-Fe camxkan ator
nokaszarens B mpode @ HesHaunTeNnbHO (pHc. 3 0).

O06cy:xneHue

Ocob6ennoctu permtukaun BUY-1 B HacTosmiee Bpemst
H3y4YeHbl 04eHb X0poIo [ 11]. MeMOpanubIii 6e10k CD4-
T-muMOIHUTOB — 3TO OCHOBHOH pEeIenTop, UCTOIb3ye-
MBI BUPYCOM Ha paHHMX 3Tamax uHpuiuposanus. W3-
BECTHO, UTO B IIPOLIECCE PEITUKAI[MH BUPYCa KOJHUECTBO
CD4" B nHOUIMPOBaHHBIX KJIETKaX CHIDKAETCS. DTO Me-
XaHU3M, HCIIONb3YEMbIH BUPYCOM Ul OOJIETYeHUs Mpo-
11ecca MOYKOBAHUS 3PEJIbIX BUPYCHBIX YACTHUIL C yHaCTUEM
BHUpYCHBIX OenkoB nef u vpu. Ilpu anammse skcnpeccuu
3TOro 6enKa ABYMS KJIETOUHBIMHU JMHHUSAMH SIPKO BBIpa-
JKeHHBIN 3(dekT cHmxkeHus komuuectBa CD4* Habmro-
JlaJicsl TOJBKO B KJeTkax JimHuu JI1 uepes 72 u moce 3a-
pakeHHs1, BEpPOATHO, B Hayalle Pa3BUTHUS aKTUBHOM (pa3bl
MMOYKOBaHUS BUPYCHOTO moToMcTBa (puc. 1 a, puc. 2 a).
Ho B 00enx nuHMAX OBIIO 3apETHCTPUPOBAHO CHIKCHUE
HN®. D10 ykaseiBaeT Ha TO, 4yTo u B JI2 BHpycocmenu-
¢bugeckuit a3gdexT cHmwkeHus ypoHs CD4 Taxke mpu-
CYTCTBOBAJI, HO OBLT BEIpaxkeH ciabee. Ckopee Bcero,
3TO CBSI3aHO C TEM, YTO BUPYCHas aKTUBHOCTH B JI1, kak
MOKa3alu HUCCIEeN0BaHus, Bhlle, yeM B JI2. Bo3moxHo,
4TO0 Ha OoJee MO3JHUX CPOKax MH(EKINH 3TOT 3(hherT
ObuT OBl BBIpaXKEH Oosiee 3HAUMMO. 3apakeHHEe KIIETOK
B ipucytcTBun JIHK-Na-Fe npuBeno k BOCCTaHOBICHHUIO
xonuyectBa CD4'-Ki1eToK 10 YpOBHS KOHTPOJS M K IIO-
Boimernio U@ (puc. 1 a, puc. 2 a), 4to cnocoO6cTBOBa-
JI0O CHWXXEHMIO ypoxasi Bupyca. Bupycnponyuupyromas
aKTUBHOCTH KieToK B npucyrcteun JJHK-Na-Fe cauxka-
Jack B 00enx JUHMAX. [IpoTHBOBUPYCHBIN 3G QEKT B cH-
cTeMe ¢ Oojiee aKTUBHOM peIIMKalliei BUpyca ObLT BbI-
me. JTo MpeAIoiaraeT, YTo €ro WCIONb30BaHHE MOXKET
O6ITH Oonee 3exTuBHBIM Ha ctagusx BUY-undexkunun
C BBICOKOW BHPYCHOM HArpy3kod — Ha CTaausl OCTPOM
nHbpexnn u nmo3aneit cragun CI1M/]a. Takum o6pazom,
MOXXHO TPEIIOJIOKHUTh, YTO ycuiieHue skcnpeccun CD4
3apakeHHbIMH KieTkamu B mpucytctBuu JIHK-Na-Fe
CBSI3aHO CO CHOCOOHOCTBIO TIperapara BIHMATH Ha Me-
XaHMU3MbI, U3MEHSIOIIME METa0O0Ju3M 3TOro Oeika, u/
WM CHWKATh aKTUBHOCTh BHPYCHBIX OeikoB nef u vpu.
Crnenyer OTMETHTH, YTO B He3apaKeHHBIX KJIETKaxX Ipe-
napat cHmkan D oTHocuTenbHO KOHTpoIs (puc. 2 a).
OToT (akT TaKke cBUAeTeNbCcTBYeT 0 Biussanu JJHK-Na-
Fe na metabomusm Genka CD4, daro Takum 0O6pazoMm Mo-
ET MPUBOJUTH K CHIDKEHHUIO YyBCTBUTEIBHOCTH KIIETOK
k uHeknuu. Hemp3s uckmounts, uto JJHK-Na-Fe 06-
JaJlaeT CII0COOHOCTHIO aKTUBUPOBATH ITPOTHBOBHPYCHBIE
KJIETOYHBIE (PAKTOPBHI.

CDA4-T-kneTkaMm NPHUHAJICKUT BaKHAs poJib B pas-
BATHH W KOOPJMHAIMH aJalTHBHOTO MMMyHHTeTa. Jlims
opranuzanuu 3(p¢GeKTUBHOIO MMMYHHOTO OTBETa HE0O-

OPUTUHAJbHbBIE NCCNEAOBAHUA

xonuma ux aktupanus. CyIIeCTBEHHBIM KOMIIOHEHTOM
MpH aKTUBAIMKM T-KJIETOK CIYXHUT KOCTHMYJSTOPHBIN
MeMOpaHHBIi 6enok CD28, KOTOphIi UCKIIOUAeT pa3BU-
THEe abeppaHTHOTO UMMYHHOTO oTBeTa. CD28 perymupy-
€T IMIUPOKUHA CTIEKTP KICTOUHBIX MIPOIECCOB: OT Ipoirde-
pamuu ¥ BEDKUBAHUS O comeUcTBUS quddepeHIInpOBKe
CHeNraTn3upOBaHHbIX cyomonysuii T-kinerok. C Mo-
MEHTa CBOETO IIepBOTo 0OHapykeHus Oomnee 20 eT Ha3a
CD28 ocraBajics mpeaMeToM WHTCHCHUBHBIX HCCIEIOBa-
HUH Onaromapsi BaXHOCTH IUISI HOPMAJIBHOTO (DYHKIIHO-
HUpOBaHUS T-KJIETOK M €ro IMOTCHIIMAaIa KaKk TepareBTh-
yeckoit mumend [ 12, 13]. Ilokazano, 4To, Kak U B cirydae
¢ peuentopoM Bupyca CD4, mpu 3apakeHUH BUPYCOM
KOJTMYECTBO €Tr0 Ha KJIETOYHONH MeMOpaHE CHIDKASTCS
IIPY y4acTUH TeX ke BUPYCHBIX OenkoB — nef u vpu [14].
Hamu nccnenoBanus mokasanu, 4To BUPYC CYLIECTBEHHO
CHIDKAJI DKCIIPECCHUIO ATOTO Oenka B KieTkax juHuu JI1
gyepe3 48 u 72 4 nocne 3apaxkenus, a fobasnenue JHK-
Na-Fe uepe3 72 4 nocie 3apakeHust YCTPAHSIO 3TOT 3¢-
¢exT (puc. 1 6). B JI2 6p11a oTMe4YeHa B IEJIOM CXOTHAS
nuHamuka. Ho addexrsr, Habmonaemsie s JI12, 6pun
BBIpakeHbI cllabee. DTO, BUIAMMO, TaKXKe CBA3aHO C MO-
HWKEHHOM BUPYCHOM aKTUBHOCTBIO B KJI€TKax. B nenom
MO>KHO CJI€JIaTh BBIBOJ O TOM, YTO MIPOTHBOBHUPYCHAS aK-
tuBHOCTh JIHK-Na-Fe cBsizana ¢ n3meHennem merabo-
mu3ma CD28, kak u B ciyuae ¢ CD4. Uepes 72 4 nocie
3apakeHus ero konudectso B JI1 B mpobe @ + B Boccra-
HaBIIMBAJIOCH JI0 YPOBHS KOHTPOJIS. DTa €r0 0COOEHHOCTh
B CHCTEME in Vivo MOXET CIIOCOOCTBOBATH IOBBIIICHUIO
HMMYHOKOMIIETEHTHOCTH HH()HUIIMPOBAHHBIX T-KIETOK.
JIHK-Na-Fe Takxe cHmkan konudecTBo kiaetok CD28*
B KOHTPOJIEHBIX Mpo0ax B 00EWX JIMHUAX, YTO CBHJIC-
TEJIBCTBYET O €r0 MMMYHOMOIYJIHUPYIOIINX CBOWCTBAX,
BBIPXAIOIIUXCS B CHUKCHUU AaKTHBAallUM HMMYHHOH
cuctembl. UTo, B CBOIO OYepeqlb, MOXKET CHIKATH TyB-
CTBUTENBHOCTDh K Pa3MUYHBIM HHPEKIusIM. UTo xe Ka-
caercs Bo3MmoxkHoro BiusHug JIHK-Na-Fe Ha cHmkeHue
KOCTHMYJISITOPHON CHOCOOHOCTH HOPMAJBHBIX KIIETOK,
TO 3TO TpeOyeT JOMOTHUTENBHBIX UcCcIenoBaHui. [1o0BbI-
IICHHBIA ypoBeHb Ocnka CD28 sBisiercs HeOarompu-
STHBIM TIPOTHOCTHYCCKUM (HaKTOPOM TIPU Pa3THIHBIX
muMpomax [15]. B HOpMe B opraHusme coxpaHsercs
OanmaHc MeXIy CTHMYJIHPYIOIIMMH W WHTHOHPYIONIMMHU
CHUTHAJIaMH, KOTOpPBIE OIPENEISIIOT KOHEUHYIO TPUPOIY
T-KJI€TOYHBIX OTBETOB M MOTYT OBITH 00YCIOBICHBI MHO-
KeCTBOM (PaKTOPOB, BKIIIOYAs CJIOKHBIC B3aMOJICHCTBUS
peuenTopa u JIMraija Mexay wieHamu cemeiicta CD28
B 3aBHCHMOCTH OT THIIa KJIETOK. HecMOTps Ha eHTpalb-
Hyto poib CD28, uieHoB ero ceMelcTBa U JIUTaH 0B s
MMMYHHOH (YHKITUH, MHOTHE acrieKTsl ononoruu CD28
OCTaroTCs HeACHBIMH. BHeapeHnue 0a30BOr0 MOHUMAHUS
¢yakmmuu CD28 B *UMMYHOMOIYIUPYIOIIEH Teparmuu Obl-
JI0 TIPOTUBOPEUHBEIM, C yCIIeXaMu U Heyaadamu. Hemp3s
uckimtounts, yto JJHK-Na-Fe moxer nmomorars B pery-
JISIUN KOCTUMYIMPYIOIIUX CUTHAJIOB U CIYXKHUTh J1OMOJ-
HUTENFHBIM PETYIIITOPOM COXPAaHEHUS HEOOXOIMMOTO
bamanca. Pasnoe pnusane JIHK-Na-Fe na skcrpeccuro
oenka CD28 B kiterkax JI1 u HecyIecTBEHHBIH 3P heKT
B KJIeTKax JI2 yKka3pIBaeT Ha CIIOXKHBIA MEXaHU3M PEryJis-
IIUH JKCTIpeccuu reHoma B kinetkax MT-4 B HopMme u nipu
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BUY-uapeknmnn. CBOCBpEeMEHHOE BKJIIOUCHHE U BBI-
KITIOYCHHE KOHKPETHBIX TEHOB B ONPEJIEIEHHBIX KIIETKaxX
BBI3BIBACT MX (HU3HOJIOTHYECKHE H3MEHeHHs. B merom
MOKHO 3aKJIIOYUTh, YTO 4epe3 72 4 MOocie 3apakeHUs
KOJTMYECTBO KJIETOK, 3KcIpeccupyromux Oemok CD28T,
CyIeCcTBEHHO yMmeHblnaercs, a npucyrcrsue JIHK-Na-
Fe B 3apakeHHBIX KJIETKaX yCTpaHIeT BUPYCHBIN d(hherT
1 BOCCTaHABJIIMBAET 3TOT ITOKa3aTenb A0 HOPMBL Takum
o0pazomM, cieryeT OTMETHUTb, YTO Iperapar CHUXal ypo-
BEHb aKTUBAIIMU HEMH(PHUIIMPOBAHHBIX KIIETOK, HO YBEJIH-
guBaI KonmdecTBO Oenka CD28" B 3apaKeHHBIX KIICTKAX.
ITpu sTom U® cHuxanace o CPaBHEHUIO C KOHTPOIbHOM
JIMHUEH U BOCCTAaHABIMBAJIACh 4Yepe3 72 4 KyJIbTHBHUPO-
BaHMS 3apaXEHHBIX KJIETOK B NMPHCYTCTBUH Ipernapara.
INockonsky CD28 BBIMOIHAET BaKHYIO KOCTUMYISATOP-
HYIO pOJIb IPU Mepeiaue UMMYHHBIX CUTHANIO0B T-KjieTou-
HBIM PEIEeTITOPOM, MOJKHO CJIeNIaTh BBIBOJ O TOM, UTO IIPH
BUY-undexkunu [AHK-Na-Fe MoxkeT BoccTaHaBIMBaThH
MMMYHHBII MOTEHIMAN 3apa’keHHBIX KIETOK, KOTOPBIH
cHKaercsa npu BUY-nndexnnn.

OngHrM U3 BaXXKHBIX IOKa3aTeled aKTUBAIlMH WMMYH-
HOM cucreMbl mpu BUU-mHpeknnuu ciayxut mMeMOpaH-
Hed Oemok CD38. D10 MHOTOQYHKIIMOHATLHBIA TpaHC-
MeMOpaHHBIN OENIOK, M YPOBEHb 3KCIIPECCHH €ro Ha
MTOBEPXHOCTU UMMYHHBIX KJIETOK 3aBUCHUT OT UX aKTHUBa-
un. OH UrpaeT KIIOYeBYI0 pojib B Ieperade CUTHAIOB
PETyNALUN YPOBHS BHYTPUKIETOYHOTO KaIbLUSI M MOIY-
JIIITUH TIPOIIECCOB BEDKMBAHUA M MeTabonm3ma [16, 17].
JlaHHBIE, HAKOIJICHHBIE 3a TOYTH YETHIpE JECATHIICTHS,
MIPOIIEANINX C MOMEHTA €r0 OTKPBITUS, YKa3bIBalOT Ha
10, yto CD38 Hrpaer BakHYIO pPoOib B (DYHKIIHOHHPO-
BaHUH Pa3IMYHBIX IMMYHHBIX KJIETOK KaK B HOpME, TaK
U TIpH pa3HbIX martoyorusx. [1o3ToMy OH CIyXHT mpo-
THOCTUYECKUM MapKepOM U MEPCHEKTUBHON TepamneBTU-
yeckoi MunieHbr0. [Tokazano B3anmoneiicteue CD38 Ha
KJIeTouHoil MemOpane ¢ 6enkamu CD4 u gpl120 BUY-1.
DT0, B CBOIO OYEpElb, MOXKET BIUATH HA B3aUMOJAECHCTBUE
BHpYCa C KJIETKOHU. B 1iesiom npu aHajimse JaHHBIX O pOJIx
CD38 B uMmmyHHOM otBeTe pu BUY-undexunn Habmro-
JTAIOTCS CYIIECTBEHHBIEC PACXOXKACHUA. A HCIOJIB30BAHUE
€r0 aHTarOHWCTOB B TEPANEBTHYECKUX LEJSIX PeaNbHBIX
00Ha/IeKMBAIOIIMX PE3yabTaToB He fano. Takum oOpa-
30M, HECMOTPsI Ha HaJM4ue OOJIBIIOT0 00beMa JaHHBIX
0 pazHooOpa3ubix ¢yHknusax CD38 B mMMyHHOM OTBe-
Te, HEOOXOAUMBI HOBBIE U OO0JIEE CIIOXKHBIE TTOIXOBI IS
OIIpeJIeNICHNs] MOCIENCTBII BO3ACHCTBHUS Ha crenuu-
YECKYH0 aKTUBHOCTb, onocpenoBanHyo CD38, Bo Bpems
OTBETa X035MHA Ha HH(EKIIHIO.

[TomyueHHBle HAMU JaHHBIE C KCIOJIB30BAHUEM JBYX
BapHaHTOB JIMHHUH TOKAa3ald, 4TO B Mpodax oOeux Ju-
Huit B npucyrcteun JJHK-Na-Fe B HenHpUIMPOBaHHBIX
1 MHQUIUPOBAHHBIX KIIETKaX MPOUCXOAUT CYIIECTBEH-
HOe CHIXeHHne 3kcrpeccnn O0enmka CD38 mo cpaBHEHHIO
¢ xoHTposeM (puc. 1). B nnpunupoBansbix kiaetkax JI1
CHIDKEHHE ObUTO HanMeHbINM 4depes 48 4 (~ 20%) u Hau-
oonpmuM uepes3 72 4 (~ 50%), B JI2 He U3MEHIOCh WIH
cocTaBisuio okono 20% cooTBeTcTBeHHO. Ha ocHOBaHUHM
3TUX AAHHBIX MOXHO IPEINONI0KUTh, UTO Yepe3 72 4 Ha-
YMHAETCS aKTUBU3AIMS IPOLIEecca TTOYKOBAaHHS BUPYCHO-
ro nmotomMcTBa. 1 Ha 3TOM 3Tane NposBIAIOTCS MEXaHU3-
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MBI CHHXKEHHS €TI0 SKCIPECCHU BUPYCHBIMHU (DaKTOpamy,
KakK M B cIy4ae ¢ APYTHMH KJIETOYHBIMH MeMOpaHHBIMHU
OenkaMu, CHOCOOHBIMH B3anMoAeWcTBOBaTk ¢ gpl20
U IIPEMSTCTBYIONIMMU OYKOBaHUI0. B knerkax munanm JI2
aToT 3¢ ekt BEIpaxeH cimadee, Tak Ke, BUANMO, BCIESI-
CTBUE CHIXKCHHOU BUPYCHOH akTUBHOCTH. Kak mokasamnu
Pe3yIbTaThl 10 CHIKEHUIO PEIUTUKALIY BUpYyca B IPoOax
® + B, IHK-Na-Fe, cHmkas akTUBaLUIO KIETOK, BEPO-
SITHO, CTIOCOOCTBOBAJI M CHIKEHHUIO PEIUIMKAIIMK BUpYcCa.

HapyxHebiii Oenok kimetouHoit mMemOpansl CD62L —
9TO MOJIeKyJla KIJIETOYHOH aAre3wH, 00ecleunBaromas
IIPOLECC LUUPKYIANNN JEHKONUTOB. benok urpaer cyie-
CTBEHHYIO POJIb B TPAHCIIOPTE aKTUBHUPOBAHHBIX TUM(QO-
IIUTOB B JTUM(OUAHBIE OpPraHbl 1 WHUIHAINHA ¥ TOAep-
YKaHWW UMMYHHOTO OTBETa IPOTUB MaTOTEHOB IPH Pa3BH-
iU uHpekuu. M3BectHO, uto Oenok CD62L obnerdaet
NIPOHWKHOBEHHNE BUpPYyCa B KJIETKH, TOMOTast aaAre3un Oe-
ka Bupyca gpl20 c penentopom CD4 u kopenenTopom.
OnHako B Ipoliecce NOYKOBAaHUS I yCHEIHOIO BBICBO-
OOXKIEHUS YaCTHIl B OKPYKAIOIIYI0 CPENy KOJIHYECTBO
CD62L nomxHO OBITH CHIKEHO, T.K. OH YAEpPKHBaeT
BUPYCHBIC YaCTHUIIBI Ha KJIeTouHOH MeMmOpaHe. [Toatomy
npu 3apaxeHuu mumdorros BUY-1 npoucxoaut cHu-
JKEHHE €r0 3KCIIPECCUH NMPH y4acTUH BHPYCHBIX OEIIKOB
nef u vpu. Otu Oenku cesaspiBaroTcss ¢ CD62L B kieTke
U TIPETSITCTBYIOT €r0 TPaHCIOpTy K MeMOpaHne. Bupyc
HCIIONB3YeT STOT OENOK HAa PAaHHHUX CTAAMAX WHGEKIHUU
JUISl IPUKPETIIIEHUS K KJIEeTKaM, a Ha MO3IHUX UHIYLUPY-
€T Cerperamnuio Hapy»XHOTO AOMEHA WJIHM SHIOUUTO3 I
oOneryeHusi mporecca MOYKOBAaHHUS BHUPYCHOTO ITOTOM-
ctBa [18, 19]. CHmKEHHE KCIPECCHM 3TOro Oenka Ha
MeMOpaHe KJIETOK NMPHUBOIUT K CHIDKCHHUIO IUPKYIISAINU
1 aKTUBallMU MHQUIMPOBAHHBIX KJIETOK M CIIOCOOCTBY-
€T YCHWICHUIO HH(EKIHOHHOTO MpoLecca U yXyAECHHUIO
Pa3BUTHA aIaITHBHOTO IMMYHHOTO OTBETA.

Wzyuenue sxcnpeccnu Oenka CD62L B muamsx JI1 n JI2
MI0Ka3aJio, 9TO B LIEJIOM TUHAMUKA TOKa3aHU B ONBITHBIX
oOpasnax ObLta cxonHO!, HO B JI2 oHa OblIa cymecTBeH-
HO HIDKe, yeM B JI1. 3T0, BUIUMO, KaK U JJIsI OIMMCAHHBIX
BBIIIE MAPKEPOB, CBA3aHO C 0COOEHHOCTSAMH KJIETOK M X
BUPYCIIPORyIHpYyIomeil akTuBHOCTHIO. [lo3TomMy criemy-
€T OCTAaHOBMTLCS Ha pe3yibTaTax, HoimydeHHbIX amst JI1.
Bo Bcex mpobax HaOII0AANOCH YBEIHUCHUE SKCIPECCUU
CD62L no cpaBHEHHUIO C KOHTPOJIEM KaK B KOJIMUYECTBE,
tak u o D (puc. 1 a; puc. 3 a, 6). Ciaenyer OTMETHUTb,
YTO B 3apa)KCHHBIX KJIETKaX 3TU MOKa3aTeNnu uepe3 72 4
OBUTH TIPAKTHYECKH paBHBI KOHTPOIIO (pHUC. 1 @) nin HiKe
(puc. 3 6). Ilocnenuuii pe3ynbTaT yKa3plBaeT Ha TO, YTO
BHPYC CIIOCO0EH CHIDKATh SKctpeccuto CD62L.

Ha ocHOBaHWM 3THX JaHHBIX MOKHO 3aKIIFOYUTH, UTO
ekt JJHK-Na-Fe moxer Obith nBoskuM. C omgHOH
CTOPOHBI, Tpenapar MOXKET YCHJIMBAaTh 3apakeHHe Kile-
TOK BUpycoM. C JIpyroil CTOpoHBI, yBEIUYEHUE IKCIPEC-
cun 6enka CD62L B mpucyTCTBUM NpenapaTa yKa3blBaeT
Ha 10, ut0 /IHK-Na-Fe cmocobOeH cHUkaTh perIHKaIHIo
BUU-1 B cucteme in vitro. IlosToMmy HabIIOMaeMbIit 3¢-
(exT cHkenus perukannu BUY B mpucyrersun JJHK-
Na-Fe MOXHO OOBSCHHUTH YBETMUCHNEM SKCIIPECCUH OelI-
ka CDO62L. IlepBerii HeraTUBHBIN (P HEKT MOXKET OBITh
HUBEIUPOBAH N ViVo U3BECTHBIMH B HACTOSIIIEE BpeMs
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KJICTOUHBIMM MEXaHU3MaMH, KOHTPOJUPYIOIIMMU HH-
¢exmuro u permmkaruio BUY-1 [1]. A pa3auna Bo Biu-
STHAU Tpenapara Ha skcrpeccuto 6enka CD62L B MT-4-
KJIeTKaX, HaOmoaeMas B pa3HbIX JIHHUSX, YKa3bIBaeT Ha
to, uro CD62L He obmamaeT BHICOKOU crienu(UIecKon
AKTUBHOCTBIO U €T0 JEHUCTBUE, BUIAUMO, 3aBUCUT OT OCO-
OEHHOCTEH COBOKYITHBIX MOJIEKYJISAPHO-OHMOIOTHYECKHX
IIPOLIECCOB, TPOUCXOSIINX B KIIETKaX.

Mapxkep ummyHHbIX K1eTok HLA-DR (anTures rucro-
coBMmectuMocTH Il Kmacca) — 3To OCHOBHOI MapKep aKkTu-
Baluu JIMM(OIIUTOB M MOHOIIUTOB, KOTOPBIA OBLT OOHA-
pyxeH B kieTkax CD4 y nanneHToB ¢ T-KJI€TOUHBIM JIeii-
KO30M, accouumupoBaHHbIM ¢ uHOpekueir TJIBU-1 [20].
OH peryaupyer coJlep>KaHue Kajbliysl B IUTOIIa3ME Kile-
TOK, IPOHUI[AEMOCTh KJIETOYHBIX MEMOpaH, aKTUBUPYET
(dochopurpoBaHie BHYTPUKIETOYHBIX O€JKOB. bermok
HLA-DR TecHO cB3aH C MMMYHHBIM OTBETOM, DEry-
JSIIMEeN OTBETOB KJIETOK Ha BHEIIHHE CTHUMYJBI U UMEeT
OoJIblIIOE 3HAUEHHE B Pa3BUTUH ayTOMMMYHHBIX 3a0o0ie-
BaHHA, OITyXOJIEBOTO MMMYHHTETA, IPH TPAHCIUIAHTAIINH
opranoB. Ilpu BUY-undexunun ocolyo poib yAensioT
n3yuenuto HLA-DR*-T-nmumdoIruroB, T.K. OHU 00iama-
IOT TIOBBIIIEHHON NponnepaTHBHON aKTUBHOCTHIO [21].
Ocoboe 3HaueHne UMeeT My HHQUITMPOBAHHBIX KIETOK
NaMSITH, COAEPIKALIX AKTUBHBIN MIPOBUPYC, KOTOPBIX CO-
XpaHsiercst npu akTUBHOM APT u siBnsieTcs MCTOUHUKOM
peruauBoB [22].

Kak nokasanu Hamu McclieoBaHus, BO BCEX H3Y4CH-
HBIX TIpo0ax AByX JHMHUH mpaktudecku 6onee 90% kie-
tok Optm HLA-DR™ (puc. 1 a, 6). U sTOoT mokazarens
HE MEHSUICS OTHOCUTEIBHO KOHTpost. U, eciiu B koiuue-
CTBEHHOM OTHOIIEHHWH pa3HUIIBI He HAOII0AAI0Ch, TO TO-
kaszarens D 1o BpeMeHU KyJIbTHBUPOBAHUS U3MEHSIICS
(puc. 3 6—0). OnHako MoNy4eHHbIC PE3yIbTaThl MPOTHU-
BOPEUYMBHI U HE TO3BOJIAIOT CHIENaTh KaKhe-Tn0o CyIie-
CTBEHHBIE BBIBOABI. MOXHO OTMETHTH TOJBKO TO, YTO
u JIHK-Na-Fe, u Bupyc MOTyT M3MEHSTh YPOBEHb JKC-
mpeccuu Oerka Kak 1Mo OTAEIBHOCTH, TaK M B KOMITJIEKCE.
Panee Hamu OBLIO MOKa3aHO, YTO JUTMTEIBHOE KyIHTHBH-
poBanue MT-4 knetok ¢ JIHK-Na-Fe npuoauio k cHu-
JkKeHnro komdecTBa kiietok HLA-DR*[7].

B nenom naOmonaemsle pasznuuus Bo BiaustHuu JJHK-
Na-Fe Ha KJIeTKU U pelUIMKaluio BUPyca B IPUCYTCTBUU
Ipernapara Ha S3KCIPECCHI0 BCEX HU3YUYEHHBIX IIOBEPX-
HOCTHBIX OENKOB B Pa3HBIX JHMHMUAX KIETOK YKa3bIBaeT
Ha TO, YTO OHHU 33aBHUCAT OT OCOOEHHOCTEW COBOKYIHBIX
MOJIEKYIISIPHO-OMOJIOTHYECKHX TPOIECCOB, TPOUCXOMAS-
mux B kieTkaxX. Pazmmums Bo Biausauu JIHK-Na-Fe na
permukanuto BUY, HabmronaeMble B CUCTEMax ¢ pa3HOM
PETUTMKaTUBHON aKTHMBHOCTBIO, YKAa3hIBAIOT HA €T0 Ooiee
aKTHBHOE y4yacTHe B MeTa0OIM3Me KJIETOK U U3MEHEHUHU
MPOLECCOB PEIUIMKALIMU BHUPYCa HA CTaAUAX IPOHHK-
HOBEHHUS W TIOYKOBaHMS IOYEPHUX BHPHOHOB B Ooiee
aKTUBHBIX CHCTEMaX W/MJIM TOIBKO NPH OIpPEAETeHHBIX
COOTHOIIICHHUSAX BCEX YYaCTHUKOB METa0OINYECKOTO MPO-
necca.

3akaouenue

HccnenoBanus nokasanu, uro JIHK-Na-Fe obGnamaer
IIPOTUBOBHUPYCHON U MMMYHOMOIYJIHUPYIOIICH aKTUBHO-

OPUTUHAJbHbBIE NCCNEAOBAHUA

cThi0. Ha OCHOBaHMM MOJIyYEHHBIX PE3YJIbTATOB MOXXHO
CZIeJ1aTh BBIBOJ O TOM, YTO IIPOTUBOBUPYCHASI aKTUBHOCTh
npenapara npu 3apaxennn MT-4-kinerox BUY-1 cBsza-
Ha C HMMMYHOMOAYIUPYIOIICH aKTUBHOCTBIO, HU3MEHS-
foleit akcnpeccuo MeMOpaHHbIX OenkoB CD4, CD28,
CD38 u CD62L. MexaHu3MOM CHIDKEHUS PETUIUKAIIIU
BHY-1 B npucyrcrBun JJHK-Na-Fe M0xkHO 00BICHUTH
€ro yJacTHe B peryJupoBaHUM YpoBHs penenropa CD4
B 3apakK€HHBIX KJETKAX, a TaKKe OENKOB, SBISIOIINXCS
MapKepaMH aKTUBallUU KJIETOK.
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Abstract

Introduction. West Nile Virus (WNV), a member of Flaviviridae family, is one of the most widely distributed
arboviruses in the world. In developing countries like Nigeria, fever resulting from the WNV infection is often
presumptively ascribed to malaria or typhoid due to misdiagnosis and low-level awareness of the viral infection. This
study determined the prevalence of WNV IgM and I1gG antibodies among febrile patients in the llorin metropolis.
Materials and methods. A total of two hundred (200) blood samples were collected from consenting patients and
each serum was screened for anti-WNV IgM and IgG antibodies using indirect enzyme-linked immunosorbent
assay (ELISA). Statistical correlation and logistic regression analysis were conducted.

Results. Overall, 6% (12/200) anti-WNV IgM seropositivity rate was recorded amongst the acute febrile patients
with higher prevalence (6.30%) in females than in males (5.45%). Anti-WNV IgG positivity rate of 52% (104/200)
was recorded, with 50.67% positivity rate in males and 38.95% in female participants. The convalescence phase
posited by the 5.4% (11/200) co-detection of anti-WNV IgG and IgM antibodies among the participants was
recorded. A statistical correlation was noticed with the age and religion of respondents to WNV serological positivity
while gender, occupation, use of mosquito nets and formal education had no positive correlation at p < 0.05.
However, based on odd ratio at 95% CIl and logistic regression coefficients, the evaluated risk factors such as
blood transfusion, residency, malaria parasite, and proximity to stagnant water and bush were significant to anti-
WNYV IgG and IgM positivity.

Conclusion. The findings of this study show the circulation of WNV in the study area. There is an urgent need
for clinicians/physicians to include screening for the West Nile virus in cases of febrile patients before the
commencement of treatment.
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YacToTa BbiiBNeHus aHTUTen K Bupycy 3anagHoro Huna cpegu
naunMeHToB ¢ ocTpoun hedbpunbHocTbLIO B UnopuHe, Hurepus

Mutiat B. Odebisi-Omokanye ', Muhammed M. Suleiman?, Mariam K. Sulaiman?,
Sidiq A. Atolagbe’

'OTaenexHne MeamuUMHCKON Mukpobuonorun, kadenpa Mmukpobuonorun, YausepcuteT Mnopuxa, PMB 1515, nopuH,
Hurepus;

2dakynbTeT 6uonormyeckmx Hayk Cammutckoro yHusepcuteta Odda, P.M.B. 4412, Ocpcpa, Hurepus;

3Kacbenpa meguumHckol Myukpobuonorum 1 napasutonoruu, CTapblil KonNnemx MEAULIMHCKUX HayK, YHUBepeuTeT Mnopu-
Ha, PMB 1515, nopwH, Hurepus

Pestome

BBepneHue. Bupyc 3anagHoro Huna (B3H), npegcraBuTens cemenctea Flaviviridae, aBnsietcs ogHUM u3 Hanbo-
ree LMPOKO pacnpocTpaHeHHbIX apboBunpycoB B Mupe. B pasBuBatomxcs cTpaHax, Takux kak Hurepums, nuxo-
pagKy, BO3HUKatloLyto B pesynbraTte nHdekunmn B3H, yacto owmnboyHo accoummnpytoT ¢ Mansipyen unm 6proLHbIM
TMPOM 13-3a HEMPABWUMLHOTO AMarHo3a 1 HU3KOro YPOBHSI OCBEAOMITEHHOCTM 006 3TON uHMeKUMKU. B HacToswwem
nccrnegoBaHM onpeaensinu pacnpoctpaHeHHocTb aHTuTen k B3H knaccos IgM n IgG cpegu naumeHToB ¢ nuxo-
pagkon B Meranonuce VInopuH.

MaTtepuanbi u MeToabl. B obweri cnoxHoctn y 200 naumeHToB Obinn B3ATbl 0OpasLbl KPOBU, U Kaxaas CbiIBOPOT-
ka 6bina npoBepeHa Ha Hanu4ume aHTuTen k B3H knaccos IgM 1 IgG ¢ ncnonb3oBaHueM HENPSMOro MMYyHodep-
MeHTHoro aHanmaa (ELISA). bbinu paccuntaHbl cTatucTuyeckasi Koppensaumst n KoaguumneHTbl TOrmcTuYeckon
perpeccuu.

Pesynbrathbl. B uenom aHtn-B3H IgM 6b1nm BeisiBneHsbl B 6% (12/200) naumeHTOB € oCcTpoKn nuxopagkon, ¢ bonee
BbICOKOW 4acToTon BbifBreHus (6,30%) y XeHLmH, Yem y myxuiunH (5,45%).4YactoTta BbisBneHus aHTu-B3H IgG
coctasuna 52% (104/200), npn aTOM ceponpeBaneHTHOCTb Cpean Myx4duH coctasuna 50,67%, a cpeamn xeH-
WmH — 38,95%. Ha cTtagumn pekoHBanecLeHUnn, 0 KOTOPOW CBUAETENbLCTBYET OAHOBPEMEHHOE OOHapYy>XeHUe aH-
Tuten k B3H knaccos 1gG n IgM, Haxogunuck 5,4% (11/200) yyacTHukoB. Bbina nonyyeHa cTaTMCTUYECKN 3Ha-
YMMas KoppensuMsa Cepono3UTUBHOCTM C BO3PacTOM W penuruert pecnoHAEHTOB, TOraa Kak Mnon, pod 3aHATURn,
NCMoMb30BaHWe NPOTUBOMOCKUTHBIX CETOK U YpOBEHb 06pa3oBaHUs He MMENKU NONOXUTENBHON KOPPEnALmMn Npu p
< 0,05. OgHako Ha OoCHOBe OTHOLEeHUst puckoB npn 95% O n koadruneHToB NOrMCTUYECKON perpeccumn Takme
akTopbl pUcka, kak nepenmeaHue KpoBM, MECTO MPOXUBAHUS, MHOULIMPOBAHNE ManspuitHLIM nnasmoavem, 6nu-
30CTb K CTOSIYEN BOAE M 3apOoCrsiM KyCTapHUKa, Obinuv 3HaYMMbIMK NS NONOXUTENbHOMO pe3yrbsraTta BblABNeHNs
aHTn-B3H-IgG u -IgM.

3akntoueHune. PesynbraThbl 3TOro UCCnefoBaHnsa nokasbiaoT umpkynauuio B3H B nccnepgyemoit 3oHe. KnuHuum-
cTam/Bpayam HeoBXOAMMO CPOYHO BKMKOYUTL CKPUMHWMHE Ha BUpYC 3anagHoro Huna y naumeHToB € nMxopagkown
nepen Havyanom fneyeHus.

KnioueBble cnoBa: ceporno3umusHocms, supyc 3anadHoeo Huna; nuxopadka; ummyHo2r106y1uH; ¢hriasusupyc

Onsa umtupoBaHus: Odebisi-Omokanye M.B., Suleiman M.M., Sulaiman M.K., Atolagbe S.A. YactoTa
BbISIBNEHWS aHTUTeN k Bupycy 3anagHoro Huna cpeam nauneHToB ¢ ocTpor hebpunbHOCcThI0 B MnopuHe,
Hurepus. Bonipock! supyconoauu. 2024; 69(4): 320-328. DOI: https://doi.org/10.36233/0507-4088-241 EDN:
https://elibrary.ru/pvhwic

d)MHaHCMpOBaHVIe. ABTOpr 3aaBnsaT 06 OTCYTCTBUWU BHELUHEro CbI/IHaHCVIpOBaHVIFl npu nposegeHnn uccrnegoBaHud.

BnarogapHocTb. Mbl Bblpaxaem npusHaTensHoCcTb MUHUCTEPCTBY 3apaBooxpaHeHus WwtaTta Keapa 3a ogobpeHve
nccrefoBaHust, a Takke cneunanmanpoBaHHon 6onbHuue Cobu, cneumannavpoBaHHOW AETCKOM GonbH1LE,
cneuunanusmpoBaHHol 6onbHuULEe rpaxagaHckon cnyx6bbl, 6bonbHuue Cottage, Gaa Akanbi Area Healthcare,
MeMopuanbHOW MEAULIMHCKOW naTtonornyeckon nabopartopum Hawau Ronke, 6onbHuue Medicare, 6onbruue Olaren-
waju, 6onbHMue Omolola, 6onbHUue Temitope u 6onbHULe Yusjib 3a NnpegocTaBneHve AOCTyna K UX Y4PEXOEHUAM 1
naumeHTam.

KoHdnuKT nHTepecoB. ABTOpbI AEKNapupytT OTCYTCTBME SIBHBIX Y NOTEHLManbHbIX KOH(MUKTOB MHTEPECOB,
CBfI3aHHbIX C Nybnvkaumnen HacTosILLen cTaTbi.

3Tunyeckoe yTBepxaeHue. ViccrengosaHue NpoBoAUIocs Npu 4o6poBONbHOM MHGOPMUPOBaHHOM COTfiacum
naumeHToB. [NpoTokon nccnegoBaHms ogobpeH CoBETOM MO 3TMKE U MEAUUMHCKUM UccnegoBaHmsim MuHucTepcTea
3gpaBooxpaHeHus, MinopuH, Hurepus (Mpotokon Ne ERC/MOH/2023/02/091 ot 13.03.2023).

Introduction to-borne virus belongs to the genus Flavivirus within the
West Nile virus (WNV) is one of the widely distributed ~ family of Flaviviridae [2].
arboviruses globally, and a pathogen of public health sig- West Nile virus (WNV) was first isolated in 1937 in

nificance in both humans and animals [1]. This mosqui-  the West Nile district of Uganda while the first reported
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human epidemic occurred in Israel in 1951 [3]. Subse-
quently, it was found to cause outbreaks in Africa, the
Middle East, and Western Asia [4]. There has been signif-
icant geographical spread of WNV worldwide, abetted by
activities such as international travel, globalization and
land use.

The main vectors of WNV are mosquitoes belonging to
Culex spp and Aedes spp [5, 6]. The virus is maintained
in nature by mosquito — bird — mosquito transmission cy-
cle. Nonetheless, other modes of transmission have been
recognized: breastfeeding, blood transfusion, organ trans-
plantation, and occupational exposure among laboratory
workers [4, 7, 8]. Humans and other vertebrates such as
horses do not play a role in the transmission of WNV and
are referred to as «dead-end» hosts. This is because they
are susceptible but unable to transmit to mosquitoes due
to the short-lived and low viremia [9]. They can however
manifest severe disease or death as a result of the infec-
tion [10].

In humans, 80% of WNYV infections are asymptomat-
ic, 20% develop a flu-like illness, and less than 1% prog-
ress to develop neurological disease, which is predomi-
nant in the elderly and immunocompromised [11, 12]. In
symptomatic individuals, symptoms such as mild fever,
headaches, nausea, and/or rashes appear between 3—14
days although in severe cases may be biphasic with
symptoms sustained for up to 60 days [4, 13]. The of-
ten-non-specific symptoms of West Nile Virus infections
in human makes differential neurological disease, which
can be severe causing viral encephalitis, meningitis, and/
or seizures [4, 13].

Differential diagnosis of WNV infection in humans is
seemingly complicated due to the associated non-specific
symptoms [14, 15]. In developing countries like Nigeria,
this is even more difficult as a result of the unavailability
of appropriate diagnostic infrastructure and low level of
awareness of arboviruses leading to misdiagnosis and un-
derdiagnosis. Owing to this, many cases of WNV infec-
tion are often regarded as fever of unknown cause result-
ing in wrong treatment which leads to high morbidity and
mortality [16]. Further evidence also supports that the
prevalence of WNYV in Nigeria is sparse. Therefore, this
study was conducted among patients with acute febrile
conditions to elucidate the level of exposure to the virus
and highlight the need for WNV routine testing among
febrile patients before the commencement of treatment.

Materials and methods

Study design and population

This hospital-based cross-sectional study was conduct-
ed from May to July 2023 in selected health facilities of
Ilorin City, Kwara state, Nigeria. llorin is a city in Kwara
State situated at 80° 301 North, 4° 301 East, 300 km from
Lagos, and 500 km from Abuja, the Federal Capital Terri-
tory. It is in the Guinea savannah vegetation zone, known
to breed various mosquito species and with hot, dry, and
wet-mild seasons that might vary yearly. Three primary
and secondary health facilities were used as sampling lo-
cations for moderate representation of the populace.
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Only consenting patients attending the selected hospi-
tals and exhibiting fever symptoms (temperature above
> 37.8 °C) were recruited for the study. Enrolled in the
study were 200 (73 males and 127 females; age range:
< 10-70 years) consenting in and out-patients presenting
with fever regardless of age and gender. Excluded from
the study were febrile patients who did not give their con-
sent to be enrolled on the study.

Data and Sample Collection

Data collection was via a well-structured close-ended
questionnaire. This was used to obtain the socio-demo-
graphic information of enrollees and predisposing factors
to WNV. For sample collection, a total of 200 blood sam-
ples were collected across the locations after screening
with the inclusion criteria. The collected venous blood
sample was kept in a prelabelled plain sampling bottle to
allow for clotting at room temperature, and serum sepa-
ration was at 3000 rpm for 5 minutes. According to the
manufacturer’s instructions (i.e. Sunlong Biotech, Co.
Ltd., China) IgG and IgM screening for WNV was con-
ducted on the sera. The reagents included the negative
and positive controls, HRP-conjugate, Sample diluent,
Chromogen Solution A, Chromogen Solution B, Stop
and wash solution respectively. Samples were added to
the Microplate wells and applied to the specific antigen.
Horseradish Peroxidase (HRP)-conjugated antigen spe-
cific for WNV-IgG/IgM was added to each Microplate
well and incubated for formation of antigen-antibody-En-
zyme labeled antigen complex. The wash solution was
used to remove any unbound reagent, then the TMB sub-
strate solution was added to each well. This was followed
by addition of stop solution where only those wells that
contain WNV-IgG and HRP conjugated WNV antigen
will appear blue in color and then turn yellow after the
addition of the stop solution. The optical density (OD)
was measured spectrophotometrically at wavelength
of 450 nm while the qualitative determination of the re-
spective immunoglobulin was determined by comparing
with the cut-off value.

Result Interpretation for assay

The interpretation according to manufacturer instruc-
tion is based on the following standard (Sunlong Biotech
LTD);

I. Test effectiveness = average value of positive con-
trol > 1.00 while the average value of negative control <0.10.

II. The critical value (cut-off) calculation = the average
value of negative control + 0.15.

III. Negative judgement = if the OD value < cut-off
value.

IV. Positive judgement = if the OD value > cut-off
value.

Ethical Consideration

The protocol for this study was submitted to and ap-
proved by the Ethics and Health Research Board of the
Ministry of Health, Ilorin, Kwara State, Nigeria (ERC/
MOH/2023/02/091). The protocol followed the guide-
lines of Helsinki Declaration for the use of human sub-
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jects. Before enrolment into the study and sample collec-
tion, informed consent was obtained from all the partici-
pants and from the parents and legal guardians (in case of
participants who are less than 18 years old). Strict confi-
dentiality was maintained as all results were not traceable
to the patient identifiers and were kept anonymous. The
inclusion of religion is for epidemiological completeness
and not to imply causation or judgment.

Statistical Analysis

Data obtained from questionnaires were presented in
tables and graphs. All statistical analysis was done using
the Statistical Package for the Social Science (SPSS) ver-
sion 27.0 software package. The significance of the val-
ues obtained was determined at p < 0.05 and 95% confi-
dence interval to determine the relationship between the
variable and the prevalence of the infection. Furthermore,
logistic regression coefficients through Google Colab and
Python programming language (version 3.11) were used
for IgG and IgM positivity to the risk factors and the odd
ratio.

Results

Of'the 200 sera samples tested, 12 were positive for anti-
WNV IgM and 104 for IgG antibody respectively. This
accounts for 6% of recent/current infections and 52% of
previous infections respectively among the febrile pa-
tients enrolled in the study. Additionally, 11 (5.5%) of the
respondents were having an ongoing or recent immune
activity due to co-detection of IgG and IgM antibodies
(Fig. 1).

The mean age of the study participants was 28 years,
while median and range is 15.5 years and 70 years re-
spectively suggesting younger individuals are more fre-
quently affected with fewer older outliers. There was no
observed statistical significance (p > 0.05) in the pres-
ence of anti-WNV IgM antibodies with respect to age,
gender, educational level and occupation (Table 1). The
distribution of age group showed that subjects in the age
group 11-20 years had the highest prevalence of 26.5%
(53/200) and 3.5% (7/200), followed by subjects in the age
range 21-30 years with the prevalence of 16.5% (33/200)
and 1% (2/200), subjects in the age range 61-70 years
had lowest prevalence of 0% (0/200) and 0.5% (1/200)
for anti-WNV IgG and IgM antibodies respectively (Ta-
ble 1). However, the Odds Ratio (OR) for the anti-WNV-
IgM positivity for different age groups is closer to 1 than
that of IgG antibodies, but the p-value was statistically
significant for IgG positivity.

The OR for IgM positivity among males compared
to females is 0.930 (95% CI: 0.270-2.900) indicating
that the odds of being IgM antibody positive for males
is 0.930 times lower than females while that of IgG an-
tibodies is 0.729 (95% CI: 0.482-1.321). For religion,
OR IgM positivity among Christians compared to Mus-
lims is 0.814 (95% CI: 0.249-2.658) while 3.700 (95%
CI: 1.683-4.604) for IgG antibodies. Seropositivity
was higher among Islam faith subjects with prevalence
of 36.5% (73/200) and 3.5% (7/200) for anti-WNV IgG
and IgM antibodies, while a lower prevalence was ob-
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served for the Christian faith subjects 15.5% (31/200)
WNV IgG and 2.5% (5/200) WNV IgM. The result
further shows higher odds of being IgG antibody posi-
tive amongst Christians and lower odds of being IgM
antibody positive respectively compared to Muslim re-
spondents. A higher odd of being IgM antibody positive
amongst individuals with no formal education is recorded
at 2.976 (95% CI: 0—infinity) while lower odds for IgG
positivity were recorded at 0.099 (95% CI: 0.008—1.280).
The odds ratio for unemployment in this study was 2.650
(95% CI: 0.850-9.424).

The results were also analyzed in relation to some
predisposing factors to the acquisition of WNV in-
cluding; use of mosquito nets, blood transfusion, pres-
ence of malaria parasite, presence of typhoid fever,
residential area, nearness of residence to bush, close-
ness to stagnant water and use of mosquito repellent
at 1.397, 1.396, 0.765, 2.503, 0.981, 1.645, and 0.999
odds ratios respectively (Tables 2 and 3). The result
showed no statistically significant relationship (p > 0.05)
to the risk factors and the presence of anti-WNYV IgM and
IgG antibodies but with notable influence of the risk fac-
tors to anti-WNV IgG and IgM positivity via the odd ratio
at 95% CI (Tables 2 and 3).

Figures 2 and 3 display the logistic regression coeffi-
cients for the IgG and IgM positivity respectively. Signif-
icant positive coefficients were noticed on the risk factors
as a predictor of seropositivity for [gM and IgG antibod-
ies. Blood transfusion, malaria parasites, typhoid, rural
residential areas and nearness to the bush are among the
predictors with significant coefficients as depicted by the
magnitude of the line for IgG antibodies (Fig. 2). Blood

Fig. 1. Prevalence of antibodies to WNV among febrile respondents
in Ilorin metropolis.

Puc. 1. PactipoctpanenHocts anTuten k B3H cpenu pecrionnenTos
¢ JuXopajKoil B Meramnomnuce MinopuH.
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Table 1. Relationship between demographic factors and distribution pattern of WNV IgM and IgG antibodies among febrile patients in selected

hospitals in Ilorin, metropolis

Taomuua 1. Cesi3p Mexay aemorpaduyeckumu hakropamu u pacrnpeaencHueM anturen kinacco IgM u IgG k Bupycy 3amaanoro Huna cpean

HaIMCHTOB C HHXOpaZ[KOﬁ B OTJACJIIBHBIX 60J'II>HI/II_IaX MceraroJmmca I/IJ’IOpI/IH

Demoﬂgerl\ig}rl;cagﬁiiijz’lsms n IgM +Ve (%) TR Lov?/z:'/jl?;per +\§§ ?%) p-giliue LOV?/z:'/ES]IpeI'
XapaKTePHCTHKH
Gender / ITon
Male / Myxckoit 73 4 (5.45) 0.856 0.270-2.900 37 (50.68) 0.800 0.482-1.321
0.930 0.729
Female / Xenckuit 127 8 (6.30) 67 (38.95)
Total / Beero 200 12 (6) 104 (57.1)
Age (Years) / Bospact (11er)
<10 43 2(1) 0.660 0.750-1.602 33 (16.5) 0.000* 0.198-0.698
0.883 0.602
11-20 91 7@3.5) 53 (26.5)
21-30 48 1(0.5) 12 (6)
31-40 4 1(0.5) 1(0.55)
41-50 1(0.5) 4(2)
51-60 3 0(0) 0(0)
61-70 2 0(0) 1(0.5)
Total / Beero 200 12 (6) 104 (52)
Religion / Pemurust
Islam / Ucnam 124 73.5) 0.781 0.249-2.658 73 (36.5) 0.008* 1.683-4.604
0.814 3.700
Christianity / XpuctuancTBo 75 5(2.5) 31 (15.5)
Total / Beero 200 12 (6) 104 (52)
Formal Education / O6pa3oBanue
Yes / [la 125 8(4) 0.864 0 66 (33) 0.850 0.008-1.280
2.976 0.099
No/Her 75 4(2) 38 (19)
Total / Beero 200 12(6) 104 (52)
Occupation / 3ansTue
Employed / Tpymsumecs 127 11(5.5) 0.290 0 62 (31) 0.140 0.850-9.424
2.650
Unemployed / bezpaboTtHbie 10 0(0) 8(4)
Student / Ctynent 63 1(0.5) 34 (17)
Total Becero 200 12(6) 104 (52)

Note. *Statistically significant (p < 0.05); OR — odds ratio; CI — Confidence Interval.

Ilpumeuanue. *Craructugecku 3Ha9uMO (p < 0,05); OR — orHOmEHHe maHCcoB; Cl — oBepUTENBHBIN HHTEPBAIL.

transfusion, typhoid, rural residential, proximity to the
bush and uncovered drainage channel, mosquito repellent
frequency and use of mosquito net were significant cor-
relations to IgM positivity (Fig. 3). A negative correla-
tion was noticed between the presence of malaria for IgG
positivity and the use of mosquito nets for IgM positivity
respectively.

Discussion

The study revealed the presence of WNV amongst the
respondents as depicted by the IgM antibody prevalence
of 6% (12/200). This prevalence is higher than the 2.9%
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reported in semi-arid zones in Nigeria [16], and 0.0%
that was reported in Osun state Nigeria [17], but lower
than 10.3% in Zambia [18] and 8.2% reported in North
Dakota USA [19]. The difference in the IgM antibody
prevalence could be attributed to the seasonality of sam-
ple collection where the cold period was posited to have a
higher prevalence. However, a prevalence of 53% was re-
ported in the southwestern city of Ibadan [20] in 1990 us-
ing complement-fixing antibodies. IgM antibody prev-
alence of 8.2% was reported in Ilorin while a slightly
lower prevalence of 5.2% was noticed in the northern
part of Nigeria [21]. This shows the silent transmission of
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Table 2. Prevalence of anti-WNV IgG antibodies in relation to risk factors among febrile patients attending selected hospitals in the Ilorin metropolis

Tadauna 2. Yacrora BeIsgBiIeHUs anTuTeN Kiacca IgG k Bupycy 3anagaoro Huma B 3aBHCHMOCTH OT ()aKTOPOB pHCKa Cpey NaMEHTOB C JINXOPaJ-
KO B OTAEJBHBIX OonMbHHIIAX Meranonuca Unopux

Risk Factors / ®axrops! prucka n | IgG +Ve (%) OR | 95% C1 p-value
Blood transfusion / [lepenuBanue KpoBu
Yes / la 51 25 (12.5) 1.397 0.758-3.592 0.735
No /Her 149 79 (39.5)
Malaria Parasite / MansipuiiHblii mapasur
Yes / la 101 54 (27.0) 1.396 0.748-2.946 0.694
No / Her 99 50 (25.0)
Typhoid / Bprommnoii Trg
Yes / [la 73 32 (16.0) 0.765 0.286-2.834 0.086
No /Her 127 72 (36.0)
Residential area / MecTHOCTb IPOXXUBAHUS
Rural / Ceno 44 28 (14.0) 2.503 0.964-4.692 0.085
Urban / Topox 156 76 (38.0)
Nearness to bush / biauzocts k 3apocisiM KycTapHUKa
Yes / [la 82 43 (21.5) 0.981 0.465-1.694 0.964
No /Her 118 61 (30.5)
Closeness to stagnant water or uncovered gutter / BIU30CTb Kk CTOsSUEH BOJIE WIIH OTKPBHITOMY BOZOCTOKY.
Not close / laneko 147 79 (39.5) 1.645 0.786-2.846 0.648
Very close / Ouenp 6:113K0 53 25 (12.5)
Use of Mosquito repellent / Vicionb3oBaHue penenieHTa OT KOMapoB
Frequently / Yacto 84 40 (20.0) 0.999 0.740-1.545 0.356
Rarely / Peaxo 87 48 (24.0)
Never / Huxoraa 29 16 (8.0)
Use of Mosquito Net / Vicrionib30BaHHE MOCKHTHOI CETKH
Yes / [la 77 70 (35) 0.196 0.076-0.236 0.142
No /Her 123 6(3)
Total / Becero 200 104 (52)

Note. *Statistically significant (p < 0.05); OR — odds ratio; CI — Confidence Interval.

Tpumeuanue. *Craructuuecku 3Ha4umo (p < 0,05); OR — oTHoIIeHne mancoB; Cl — 10BEPUTENIBHBIN HHTEPBAJL.

Fig. 2. Logistic Regression Coefficients for Anti-WNV IgG Antibody Positivity.
Puc. 2. Ko duireHTh! JIOTHCTUYECKOH perpeccry il MOJNIOKUTENBHOro pedynbrara BeisiBieHus antu-B3H kiacca IgG.
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Table 3. Prevalence of anti-WNV IgM antibodies in relation to risk factors among febrile patients attending selected hospitals in the Ilorin metropolis
Taémuna 3.YactoTa BEIsBICHUS aHTUTEN Kiacca IgM k Bupycy 3anaguoro Huna B 3aBHCHMOCTH OT (haKTOPOB PHUCKA CPEAU HAIIUCHTOB C JIMXOPaJ-

KOU B OTAENBHBIX OONMbHUIAX Meranonuca Unopux

Risk Factors / ®axrops! pucka n IgM +Ve (%) OR 95% CI p-value
Blood transfusion / [IepennBanue kpoBu
Yes / [la 51 6 (3.0) 1.941 0.364-4.642 0.886
No / Her 149 6 (3.0)
Malaria Parasite / ManspuiiHblif mapasur
Yes / [la 101 7(3.5) 1.86 0.570-2.962 0.780
No /Her 99 5(2.5)
Typhoid / bpromsoit Tug
Yes / [la 73 3(1.5) 0.782 0.389-2.780 0.074
No /Her 127 9 (4.5)
Residential area / MecTHOCTb TPOKHUBAHHS
Rural / Ceno 44 1(0.5) 0.369 0.056-2.856 0.220
Urban / Topon 156 11 (5.5)
Nearness to bush / Bru3ocTs k 3apocisiM KycTapHHKa
Yes / [la 82 5(2.5) 1.142 0.549-3.758 0.861
No /Her 118 7(3.5)
Closeness to stagnant water or uncovered gutter / Bau3octs K cTosiueil BoJe WM OTKPHITOMY BOJAOCTOKY
Not close / lanexo 147 10 (5.0) 1.646 0.386-8.468 0.64
Very close / OueHpb 6113K0 53 2(1.0)
Use of Mosquito repellent / Micrionp30Banue pernesieHTa OT KOMapoB
Frequently / Yacto 84 7@3.5) 1.086 0.688-2.684 0.301
Rarely / Penxo 87 2 (1.0)
Never / Hukorna 29 3(1.5)
Use of Mosquito Net / Hcrionbp30BaHne MOCKUTHO#M CETKH
Yes / [la 77 6(3) 1.580 0.480-7.608 0.406
No Her 123 6(3)
Total / Becero 200 12(6)

Note. *Statistically significant (p < 0.05); OR — odds ratio; CI — Confidence Interval.

Ipumeuanue. *Craructuyecku 3a4umo (p < 0,05); OR — orHomenue mancos; Cl — 1oBepHUTENbHbII HHTEPBAIL.

WNYV among the populace across different locations [16].
This study also reported a higher anti-WNV IgG antibody
prevalence of 52% (104/200), this prevalence is higher
than the 37.0% in Sudan, and 6.6% reported in Ilorin [21].
The differences may be due to the sample size, environ-
mental conditions or geographical location.

In this study, the prevalence of West Nile Virus IgG an-
tibodies varies across age groups, with the highest preva-
lence observed in the age group < 10 years (16.5%), while
the age group 51-60 years had the least prevalence (0%).
A statistically significant association between age and
West Nile Virus seropositivity rate was recorded. Howev-
er, it’s important to note that the very low counts in some
age groups may impact the validity. This study conforms
with the research that delved into age-related patterns of
West Nile Virus seroprevalence [22]. It was posited that
age could be a significant factor, especially in areas with
a substantial proportion of elderly individuals. Age-related
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differences in immunity and exposure could contribute to
varying West Nile Virus seroprevalence rates. Contrary to
this study, other studies [20, 23] reported a higher preva-
lence in the older age group. This study could not estab-
lish any statistically significant association between other
variables including; gender, occupation, use of mosquito
nets, formal education, use of mosquito nets, blood trans-
fusion, co-infection of the malaria parasite, co-infection of
typhoid fever, residential area, nearness to a bush, close-
ness to stagnant water and use of mosquito repellent and
the occurrence of anti-WNV IgM and IgG antibodies signi-
fying little or no contribution of these factors to the spread
of the infection in this location. This could be related to the
seasonality of this research or the significant level of IgG
antibodies which depicts past infection amongst the partic-
ipants. A statistically significant association between reli-
gion and anti-WNV IgM and IgG antibodies was noticed
where the participants of the Islamic faith had a higher
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Fig. 3. Logistic Regression Coefficients for Anti-WNV IgM Antibody Positivity.
Puc. 3. Koo puimeHTs! TOrHCTHUECKOI perpeccuy sl MOJIOKUTEIBHOTO pe3yiibTaTa BeissiaeHUs anTu-B3H kmacca IgM.

prevalence than the Christian faith. Religion, as a cultural
and social determinant, can influence behaviours, practic-
es, and exposure risks relevant in the context of infectious
diseases. There are infrastructural differences/physical
barriers in protection against the vector of the infectious
agent. This correlates with a report [18] investigating the
association between religion and West Nile Virus seroprev-
alence in a similar context. The importance of considering
multiple factors, including environmental conditions and
individual behaviors, to understand the dynamics of West
Nile Virus seroprevalence was highlighted.

The blood transfusion history of respondents revealed
an odd of 1.397 and 1.941 in participants with a history of
blood transfusion than those without signifying increased
risk among participants with blood transfusion histo-
ry. This correlates with the report of blood as a possible
transmission route of the virus [8]. Likewise, the odds of
WNV IgG and IgM positivity amongst participants with
the malaria parasite are 1.396 and 1.860 times higher than
those without. This can be attributed to the increased risk
associated with the shared vector of malaria and West
Nile virus (i.e. mosquito) and the risk of false positivity
by cross-reactivity. This is further supported by the mag-
nitude of the coefficients in Figure 2 for IgG positivity.

A similar trend was noticed among participants in rural
areas which are 2.503 times higher than those in urban ar-
eas. Participants in proximity to stagnant water or uncov-
ered gutter are 1.645 and 1.646 times at risk of anti-WNV
IgG and IgM positivity while nearness to bush had no
significance for anti-WNV IgG positivity. Analysis of the
odd for nearness to bush in relation to anti-WNV IgM
antibodies showed 1.142 times higher risk compared to
those that are not. The significant statistical expression
based on odds ratio and CI correlate to the known fac-
tors that could improve or encourage the breeding sites
of mosquitoes which can transmit the virus. Thus, public

awareness of the route of transmission of the virus is en-
couraged alongside the advocation for the screening of
blood samples for viral agents like West Nile virus to re-
duce localized transmission.

Conclusion

The findings of this study show the circulation of WNV
in the study area. There is an urgent need for clinicians/
physicians to include screening for the West Nile virus
in cases of febrile patients before the commencement of
treatment.
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MonekynsapHo-6mMonornyeckme 3akOHOMEpPHOCTHN COXpaHeHUsA
umpkynauum supyca SARS-CoV-2 B yenoseyeckon nonynsayum

Kyctosa [1.4."2, MoutoBbii A.A."-® | LLinakoea O.I*, lWUtnHoBa M.A.4, KysHeuoBa H.A.",
Knenmenos [1.A.", Komapos A.I'4, TywuH B.A.-3

'OrBY «HaumoHanbHbIM uccrnenoBaTenbCKuii LEHTP 3NMAEMUONOTMM U MUKPOBUONOrM UM. MOYETHOro akageMmuka H.®. Mamanen»

MwuHsgpasa Poccuu, 123098, r. Mocksa, Poccus;

2Kadhegpa Bupyconoruu, bronornyeckuin pakynstet ®rBE0Y BO «MockoBckuiA rocyaapcTBeHHbIN yHuBepeuteT nmexHn M.B. Jlomo-

HocoBa», 119991, r. Mockea, Poccus;

3Kadbenpa meamumHckow reHeTukn, MHCTUTYT knnHndeckon meguumHbl um. H.B. Cknudocosckoro ®rAQY BO «[lMepBhbiii
MocKoBCKMIN rocyAapCTBEHHBI MEANLMHCKUIA YHUBepcuTeT umeHn .M. CeueHoBa» MuHagpasa Poccun (CeveHoBCKMI
Ynusepcutet), 119435, r. Mocksa, Poccusi;

‘[lenapTameHT 3gpaBooxpaHeHnst Mocksbl, 127006, r. Mockea, Poccus

Pestome

BBepneHue. Bupyc SARS-CoV-2, aenstowmiica Bo3byautenem COVID-19, umpKynMpyeT B YENOBEYECKOW Nonyns-
uum 4 roga. Mpun aTOM yxe K KOHLY 2-r0 roga He oCcTanocb UMMYHOSOMMYECKU HauBHbIX NUL B pe3ynbraTte akTuB-
HON MMMYHM3aLMKN HaceneHns BakLuMHaMn N eCTECTBEHHOTO KOHTaKTa C BUPYCOM. [NoH1MMaHe 3aKoHOMepHOCTEeN,
CNoCOoBCTBYOLLMX COXPAHEHUIO BMPYCa B YENOBEYECKON MOMynsALMn, NO3BONMT My4ylle NPOrHO3MpoBaTh aNMaemMu-
yeckun noteHuman COVID-19 n cBoeBpeMeHHO aganTvpoBaTb CpeacTBa NPOTUBOAENCTBUA MpOJorHKatoLencs
naHgeMuun.

Llenbto AaHHOM paboTbl ABASANOCH ONMCAHNE BbISIBNEHHbLIX MOMNEKYNSPHO-6MONOrMyeckmx 3akOHOMEpPHOCTEWN, CMo-
COBCTBYIOLLMX COXPAHEHUIO BUPYCa B YENOBEYECKON MOMynALnn.

MaTtepuanbl u metoabl. B TeyeHne 6onee 3 net ¢ Havana naHgemun COVID-19 npoBoannu MonekynspHo-reHe-
Tnyeckuin MoHUTopuHr SARS-CoV-2, BkntovaBLnii B cebs cbop HazoapmHreanbHbIX Ma3koB OT MHULIMPOBAH-
HbIX, OLl€HKY BUPYCHOIN Harpy3ku 1 nocregyoLlee noiHoreHoMHOe CeKBEHNpPOBaHMe.

Pe3synkTathbl. Bbin yctaHoBNeH npodunb 4OMUHUPYHOLWLMX FEHETUYECKUX NMHKIA Ha DoHEe pocTa 3aboneBaeMocTym
1 ero M3BMeHeHune Ha NPOTSXXEHNM BCEro neprmoaa MOHUTOPUHra. [JJononHUTENbHO N3y4eH COCTaB aMUHOKUCITOTHbIX
3aMeH B pasnunyHbix 6enkax SARS-CoV-2 1 ypoBeHb BYPYCHOM Harpy3ku B COCTaBe MaskoB Y nocrnegosatenbHO
CMeHsBLUMXCS BapuaHToB Bo3byautens COVID-19. MNpeanoxeHa mogene COXpaHeHUs1 BUpyca B YernoBeyYecKon
nonynsumm, B paMmkax KoTopow BMPYC CrocobeH: 1) K nepMoam4eckon CMeHe cepotuna (nageHue BupycHenTpanu-
3yloLLen akTUBHOCTU CbIBOPOTOK Gornee yem B 10 pas); 2) K HAKOMMEHWIO AONOMHUTENBHBIX TOYEYHbIX aMUHOKMC-
NOTHbIX 3aMeH B cocTaBe RBD B npegenax cepoTtvna A5 YaCTUYHOIO YXOAA OT HeUTpanuayoLmnx aHTuTen (CHu-
YXeHue BUPYCHEeNTpanuayoLlen akTMBHOCTH B 2—3 pa3a) 1 NoBbILLEHUS CPOACTBA K peuenTopy; 3) K nocTeneHHomy
YBENMUYEHMIO KONMMYECTBA BbIENAEMOro BUpyca Ha CnM3ncTbix 060noYkax B npegenax ogHoro cepotuna.
3akntoyeHue. [lpednoxeHHas Moaenb B CyLWECTBEHHOW cTeneHW ob6bscHSAeT AuHamuky 3aboneBaemocTu
COVID-19 B Mockse. [1ns 6onee NomnHowm xapakTepucTukn Habniogaemon AMHaMmMkm HeobxoamMmo nonyyeHune no-
NYNAUMOHHBIX AaHHBLIX O AUHAMWUKE HanpsXKeHHOCTM UMMYHUTETa U HEeNTpanuayoLen crnocobHOCTN aHTuTen B
OTHOLLEHWUW aKTyanbHOro COCTaBa reHETUYECKNX NINHUNA.

KnioueBble cnoBa: SARS-CoV-2; VOCs; eeHemuka; Mymauyus; 8upycHasi Hazpy3ska

Onsa uutupoBaHun: Kyctosa [.[., MNMoutoBbii A.A., Wnakosa O.I., WTtnHoBa WN.A., KysHeuoBa H.A., Kneiime-
HoB [.A., Komapos A.Il, M'ywmH B.A. MonekynspHo-6uonormyeckne 3akOHOMEPHOCTU COXPaHEHWUSI LIMPKYNSLMK
Bupyca SARS-CoV-2 B yenosedveckon nonynauunn. Bonpocskl supyconoeauu. 2024; 69(4): 329-340. DOI: https://doi.
org/10.36233/0507-4088-242 EDN: https://elibrary.ru/uxnluj

®duHaHcuMpoBaHue. ViccnegoBaHve BbIMOMHEHO Npu onHaAHCOBOW noaaepxke MuHucTepcTBa 3gpaBooxpaHeHns PO B
pamkax peanusauun FocygapctBeHHoro 3agaHmsa Ne 123031400022-0 «M3yveHne nameHumsoct SARS-CoV-2 B KOH-
TEKCTe OMOMNOrMYecknx PUCKOB CHUXKEHMSA 3PPEKTUBHOCTM NMPUMEHSIEMbIX CPEeACTB Tepanuu U NpodunakTukn B xoae
nangemun COVID-19».

BnarogapHocTn. Mbl 6narogapHbel Bcem nabopatopuam, npegoctaensiowmum gaHHble GISAID, 3a goctyn K AaHHbIM
cekBeHupoBaHusa SARS-CoV-2. Mbl 6narogapHbl A.A. 3axapoBoit 1 T.A. PeM130BY 3a TEXHUYECKYH NOMOLLb B peanusa-
LM npoekTa.

KoHdnukT nHTepecoB. ABTOpbI AeKNapupyroT OTCYTCTBUE SIBHbIX U MOTEHUManbHbIX KOHMIUKTOB MHTEPECOB, CBs3aH-
HbIX C Nybrmkaumen HacTosILLEN CTaTby.

OTuyeckoe yTBepxaeHue. ViccnegosaHne npoBoannock Npu 4o6poBoibHOM MHGOPMUPOBAHHOM COTMacm NauneHToB.
MpoTokon nccnenosaHust opobpeH ATndeckum kommtetom HALOM um. H.®. Mamanen (Mpotokon Ne 14 ot 29 ceHTsA6ps
2021 r.).

329



PROBLEMS OF VIROLOGY (VOPROSY VIRUSOLOGII). 2024; 69(4)
https://doi.org/10.36233/0507-4088-242

ORIGINAL RESEARCHES

ORIGINAL STUDY ARTICLE
DOI: https://doi.org/10.36233/0507-4088-242

The Molecular and Biological Patterns Underlying Sustained

SARS-CoV-2 Circulation in the Human Population
Daria D. Kustova'?, Andrei A. Pochtovyi'® , Olga G. Shpakova*, Irina A. Shtinova*,

Nadezhda A. Kuznetsova', Denis A. Kleimenov', Andrey G. Komarov*, Vladimir A. Gushchin'

'National Research Centre for Epidemiology and Microbiology Named after Honorary Academician N.F. Gamaleya of
the Ministry of Health of the Russian Federation, 123098, Moscow, Russia;

2Department of Virology, Faculty of Biology, Federal State Budgetary Educational Institution of Higher Education
Lomonosov Moscow State University, 119991, Moscow, Russia;

3Department of Medical Genetics, N.V. Sklifosovskiy Institute of Clinical Medicine Federal State Autonomous
Educational Institution of Higher Education .M. Sechenov First Moscow State Medical University of the Ministry

of Health of the Russian Federation (Sechenov University), 119435, Moscow, Russia;

“Moscow Healthcare Department, 127006, Moscow, Russia

Abstract

Introduction. For four years, SARS-CoV-2, the etiological agent of COVID-19, has been circulating among
humans. By the end of the second year, an absence of immunologically naive individuals was observed,
attributable to extensive immunization efforts and natural viral exposure. This study focuses on delineating the
molecular and biological patterns that facilitate the persistence of SARS-CoV-2, thereby informing predictions on
the epidemiological trajectory of COVID-19 toward refining pandemic countermeasures.

The aim of this study was to describe the molecular biological patterns identified that contribute to the persistence
of the virus in the human population.

Materials and methods. For over three years since the beginning of the COVID-19 pandemic, molecular genetic
monitoring of SARS-CoV-2 has been conducted, which included the collection of nasopharyngeal swabs from
infected individuals, assessment of viral load, and subsequent whole-genome sequencing.

Results. We discerned dominant genetic lineages correlated with rising disease incidence. We scrutinized amino acid
substitutions across SARS-CoV-2 proteins and quantified viral loads in swab samples from patients with emerging
COVID-19 variants. Our findings suggest a model of viral persistence characterized by 1) periodic serotype shifts
causing substantial diminutions in serum virus-neutralizing activity (> 10-fold), 2) serotype-specific accrual of point
mutations in the receptor-binding domain (RBD) to modestly circumvent neutralizing antibodies and enhance receptor
affinity, and 3) a gradually increasing amount of virus being shed in mucosal surfaces within a single serotype.
Conclusion. This model aptly accounts for the dynamics of COVID-19 incidence in Moscow. For a comprehensive
understanding of these dynamics, acquiring population-level data on immune tension and antibody neutralization
relative to genetic lineage compositions is essential.

Keywords: SARS-CoV-2; VOCs; Genetic; Mutation; Viral load

For citation: Kustova D.D., Pochtovyi A.A., Shpakova O.G., Shtinova |.A., Kuznetsova N.A., Kleimenov D.A.,
Komarov A.G., Gushchin V.A. The Molecular and Biological Patterns Underlying Sustained SARS-CoV-2 Circula-
tion in the Human Population. Problems of Virology (Voprosy Virusologii). 2024; 69(4): 329-340. DOI: https://doi.
org/10.36233/0507-4088-242 EDN: https://elibrary.ru/uxnluj

Funding. The study was funded by the Ministry of Health of the Russian Federation (Project No. 123031400022-0, titled
Investigation of SARS-CoV-2 variability in relation to the biological risks associated with the reduced efficacy of therapy
and prevention used during the COVID-19 pandemic).

Acknowledgement. We are grateful to all GISAID submitted and originating laboratories for access to SARS-CoV-2
sequencing data. We are grateful to Anastasia A. Zakharova and Timofey A. Remizov for their technical assistance in the
implementation of the project.

Conflict of interest. The authors declare no apparent or potential conflicts of interest related to the publication of this
article.

Ethics approval. The study was conducted with the informed consent of the patients. The research protocol was
approved by the Ethics Committee of the National Research Centre for Epidemiology and Microbiology Named after
Honorary Academician N.F. Gamaleya (Protocol No. 14 dated 29 September 2021).

BBenenue

[Maugemus COVID-19 6bla BeI3BaHa 00HAPYKEHHBIM
B KoHIE 2019 r. HOBBIM BUpycoM SARS-CoV-2 u crana
npuuuHON Oosiee 774 MiH ciydaeB 3aboneBaHus u 060-
nee 7 MITH cMepTelt o Bcemy mupy [1]. Habnromaemast
oot SARS-CoV-2 mpuBena k HE3aBUCUMOMY
MOSBJICHUIO PsiJla TeHETHYECKUX JUHHM, BBIAEIAEMBIX

330

BcemupHoii opranuzanuyeii 31paBooXpaHeHus B Opeie-
JICHHBIE NTEPHO/bI KaK BapHAHTHI, BBI3BIBAIOIINE 03200-
yeHHOCTH (variants of concern, VOC), — Anbda, bera,
I'amma, DricninoH, Jlensra u OMUKpoH [2], KoTopbie ObI-
JIM CBSI3aHBI C TIOABEMaMH 3a00JI€Ba€MOCTH M CMEPTHO-
CTH B OONBIINHCTBE CTpaH. HecMOTps Ha onepaTHBHYIO
pa3paboTky u BHenpeHue 3((HeKTUBHBIX MPOQUITAKTH-
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YECKUX IpernaparoB, [0 UTOraM IMEPBOTO roja MaHe-
muu [3—6], B cBsi3M ¢ nosiBiieHreM repBbix VOC, cranu
MOSIBJIAITHCSL COOOIICHHSI O CHUKECHHH 3(pPeKTUBHOCTH
BaKIMHAIMH [7-9]. DTO cTasio OCHOBAaHUEM JIJIsl BBEJE-
Hus OyctepHbIX 103 [10, 11]. B cyuae Bapuanta Omu-
KpoH 3¢ (EeKTUBHOCTh CHU3UIACH HACTOIBKO, UYTO MPHU-
IIJIOCHh BBOANUTH OyCTEpHBIE O3Bl C N3MEHEHHBIM COCTa-
BOM [12—-15]. OgHako B cilyyae OTHOCHUTEJIBHO HEAABHO
BO3HUKIIETO Bapuanta XBB naxe ¢ mpuMmeHeHuem 00-
HOBJIEHHOTO JIByXBaJIGHTHOTO OycTepa, a 3aTeM MOHO-
BaJICTHOW BaKUMWHBI, cojepxkaiied anturen XBB, Ha-
6mronaeTcs cHIKeHHe HelTpanuzanuu [8]. Kpome Toro,
Ha JAaHHBI MOMEHT HAKOIUICH OOJIBIIONH 00beM HH)OP-
MaIuy O BIMSHWM XapaKTEPHBIX IS JTOMHUHUPYIOMINX
BapHaHTOB MyTalui Ha 3QPEKTUBHOCTH TepaneBTHYe-
CKUX TIPEeraparoB, BKIIOUAIONINX B ce0s MOHOKIIOHAIb-
HbIE aHTHUTEJIa U NIPOTUBOBUPYCHBIE cpencTra [16—18],
YTO MPHUBEJIO K moTepe 3PPEeKTUBHOCTU OOJBIIMHCTBA
MOHOKJIOHAJBHBIX aHTHTeN (monoclonal antibodies,
mADbS) B OTHOIIEHWN aKTyalIbHO MUPKYIUPYIOIMIUX Ba-
puanTtoB [19-21]. [losiBIeHUI0 HOBOTO BapuaHTa BUpyca
MpeIUIeCTBOBAJIO BOZHUKHOBEHHE MYy TaIlUii, YTO B CBOIO
odyepenb CKa3blBaJIOCh HA M3MEHEHUH TPaHCMHCCHBHO-
CTH W/WIM MATOT€HHOCTH BUPYCa, YYBCTBUTEIHHOCTH
K TepareBTUYECKUM TperaparaM U CoCOOHOCTH YKIIO-
HATBCS OT €CTECTBEHHOTO WJIM BaKIIMHOMHIYIIMPOBAH-
HOro UMMyHHUTeTa. CTOUT OTMETHTh, YTO TAaKHe IOKa-
3areNnH, Kak TPAaHCMHUCCHUBHOCTh W/HMJIHM IaTOTC€HHOCTH
BHUpYCa, HEPA3PhIBHO CBS3aHbl C BEJIMUYMHON BUPYCHOMI
Harpy3ku. Kak o6cyxnanocs panee [22], X0351H (poib
BaKIMHAIIMK WU TpEAlIeCTBYOMe nHpeKIn) 1 BuU-
pycubie ¢akropsl (BapuaHThl SARS-CoV-2) 3naummo
BIUSIOT HA IWMHAMUKY BUPYCHOHN HArpy3KHd H, CIEIO0Ba-
TEJbHO, NOTOJIHUTENBHO BIMIIOT Ha Mepeady BUpyca.
HecMmotps Ha HakoIJIeHHBIE TaHHBIE O 3HAYEHUSAX HEKO-
TOPBIX MyTaIlUi U CBSI3aHHBIX C HUMH (PEHOTUITUIECKHUX
nmpu3Hakax [22], ocTaloTCs HEe 0 KOHIA M3ydYeHbl (ak-
TOPBI, OKa3bIBAIOIINE BIHSHNE HA THHAMUKY AIIHIEMHUO-
JIOTHYECKOTO MpOoIecca B pa3HbIe MEPHOABI.

B ocHOBe HacTosIIEro UCCIEeIOBAaHUS JIEKAT PE3Yb-
Tarbl mpoBoguMoro ¢ koHua 2020 r. MoJeKyJIsIpHO-
TeHeTHYEeCKOTO0 MOHHUTOPHWHTAa BAapUaHTOB BHpyca
SARS-CoV-2, yacTh U3 KOTOPHIX ObLIa paHee OMyOiH-
kxoBaHa [23]. B manHoi#1 paboTe ObLTa TPOBEICHA OIICHKA
KaK IWHAMHUKHU OUPKYIUPYIOIIUX BapPUAHTOB, TAK U IO-
TEHLUAJbHOTO BIMSHUS MyTallil ¥ BUPYCHOH Harpys-
KM KaK OCHOBHBIX (paKTOPOB, CIIOCOOCTBYIOLINX H3MeE-
HEHUIO MPOoQWIs TUPKYIUPYIOMUX JTUHUH, YTO MOXET
OTpaxkaThCsl B HaONIOZaeMOM Iepexofie «yBeTHYeHHUe
MyTalui —> yBeJIUYEHHUE BUPYCHOM HArpy3KU —> MOSIB-
JIEHHE HOBOTO CEPOTHIIA».

MarepuaJjibl 1 METOIBI

B nepuon mosiBnenus Bapuanta [lensra HazodapuH-
reajbHble Ma3KH COOMpalId PEryspHO y pasHbIX TPy
JOOpOBOJIBIIEB, BKJIIOYAst T€X, KTO OBUI MEPBHYHO HH-
¢unupoBan Wi BakuuHUpoBaH. OT BCeX NAIMEHTOB
OBLIO TOJYYEHO MHUCHMEHHOE COTJIace B COOTBETCTBUU
¢ npukazoMm MunznpaBa Poccun ot 21 wumrons 2015 r
Ne 4741 «O nopsake nauu WHGOPMHUPOBAHHOTO J0OpO-

OPUTUHAJbHbBIE NCCNEAOBAHUA

BOJIBHOTO COIVIACHs Ha OKa3aHHWE MEIUIIMHCKOM MOMOIIU
B paMKax KIMHUYECKOH anmpoOamnyuy MeToI0B MpOopHIIaKk-
TUKH, IMaTHOCTHUKH, JIEYEHUs U peabunuranyy, Gopmax
WH(POPMHUPOBAHHOTO JOOPOBOJIFHOTO COTNIACHS HAa OKa-
3aHME€ MEJUIMHCKOM TMOMOIIM B paMKax KIMHUYECKOU
anpobanuyu MeTOAOB MPOPUIAKTUKY, TUATHOCTHKH, JIe-
YeHUS U peaOWIIUTAIMK B 0TKa3a OT MEJUIIMHCKOM OMO-
M B paMKaX KIMHAYECKOW anpodanuu MeToaoB Ipodu-
JAKTUKH, TUATHOCTUKY, JICUCHUS U peadmmuTanum». Bee
00pa3ubl ObUTH JIeNepCOHUPHUIMPOBAHEI 10 UX MOTyYe-
HUA HccliefoBarenbcko rpymnmnoil. MccinenoBanue ofo-
OpeHo JOKaIBHBIM dTHYEeCKHM KomuTerom HULIDM um.
H.®. I'amanewn (mpotokon Ne 14, 29 cenrsaops 2021 1.).

Coop 00pa3IoB U OIEHKY BUPYCHOW HATPy3KU BEITION-
HSUIM B IBYX J1aboparopusax (manee Jlabopatopus 1 u Jla-
Ooparopus 2). B mepuon upKynsSuy BapuaHTOB YXaHb,
Jemsra u Omukpon (BA.1.X and BA.2.X) (JIabGopa-
TopHst 1) Ma3Ku M3 HOCOITIOTKH COOMpanu B cpemy A
TpancnoptupoBku BupycoB (G00155, 'EM, Poccus). To-
tanpHy0 PHK Bemensin ¢ momomnipro Habopa QlAamp
Viral RNA Mini Kit (Qiagen, I'epmanust) u Habopa ans
BoIesienns ToTaibHo PHK U3 Ki1eTOK )XMBOTHBIX U OaK-
Tepuii, Ma3KoB ¥ BHpycoB Ha KosnoHkax (RU-250, «buo-
nmabmuke», HoBocubupck, Poccus). KomngectBennyio
nojuMepasHyto nennyio peaknuto (ITLIP) ¢ oOparHoi
TPaHCKPHITIIUEH MPOBOIMIN C HCIIOJIH30BaHHEM Habopa
st RT-PCR SARS-CoV-2 FRT (EA-128, HULIDM um.
H.®. l'amanen, MockBa, Poccus). O6pasubl co 3Hade-
ausMu Ct < 30 OputH OTOOPAHEI IS TTOTHOTCHOMHOTO
CEKBCHHPOBAHUSL.

B JlaGopatopuu 2 Ma3kyd W3 HOCOTIIOTKHA COOMpaiu
B TPAHCIIOPTHYIO CPEAY U1l BUPYCOB ((DU3HOIOTHICCKUI
pactBop miu TpaHcnoptHasa cpega XK-PCR30 (Jiangsu
Xinkang Medical Instrumet Co., Ltd., Kwurait)) wim
tpancnoptHyto cpeny 'EM (I'EM, Mocksa, Poccus).
B nepuon mmpkynamun BapuantoB Omukpon BA.1.X,
BA.2.X, BA.5.X komundectBennyto III[P ¢ oOGparHoit
TPAHCKPHITIIHEH TPOBOAWIN C HCIOJIB30BAaHWEM HAa0O-
pa AmpliPrime SARS-CoV-2 DUO (NextBio, Mocksa,
Poccust) B COOTBETCTBUU C HHCTPYKLUSMU IPOU3BOAUTE-
ns1. B nepuon nupkynsiuuu BapuantoB OMukpoH BA.5. X,
CL.X, XBB.1.X u XBB.1.9.X xomuuecrBennyto IILIP
¢ 00OpaTHOI TPAHCKPHUITIHEH OCYIIECTBISUIN C HCITOIb30-
BanueM CoV-2 test (TestGen, YansHOBCK, Poccus) B co-
OTBETCTBUU C MHCTPYKLHUEH POU3BOIUTEIIS.

[JanbHeliiee MOJTHOTEHOMHOE CEKBEHUPOBAHHUE BBI-
MOJIHSJIM C ucrnojib3oBaHueM TexHonoruit lon Torrent
(Thermo Fisher Scientific, CLIIA), Illumina (Illumina,
CIIIA) u Oxford Nanopore (Oxford, BenukoOpuranus).
IIponenypsl MOATOTOBKY U aHAN3a 00pa3oB OBLIH MO/~
pobHo ommcansl panee [21, 23]. IlomyduenHneie B xome
HACTOSIIETO UCCIIE0BAaHMS TOJTHOTEHOMHBIE MTOCNEI0Ba-
TEIHHOCTH OBLIH 3arpyKeHbl B 0a3y nanubeix GISAID mon
cnenytomnmu Homepamu: EPI ISL 1710849-1710866,
EPI ISL 2296111-2296286, EPI ISL 2296288-
2296379,  EPI ISL 4572812,  EPI ISL 5334362-
5334371, EPI ISL 5334374-5334389, EPI
ISL 7211325-7211326,  EPI ISL 7263932-7263933,
EPI ISL 9230058-9230062, EPI ISL 9230064-
9230100, EPI ISL 10627062, EPI ISL 11864996-
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11865125, EPI ISL 11872910, EPI ISL 421275,
EPI_ISL 454732, EPI_ISL_470896-470904,
EPI ISL 572398, EPI ISL 872628-872643, EPI_
ISL 875515, EPI ISL 1015362, EPI ISL 1708507-
1708509, EPI ISL 12225322, EPI ISL 12748381-
12748382, EPI ISL 13431664-13431687,
EPI ISL 14217225-14217226,  EPI ISL 15327072-

15327075,  EPI_ISL_15858138-15859137,  EPI_
ISL_15860713-15860737, EPI ISL_15860739-
15860839, EPI_ISL_15860841-15860991,

EPI ISL 15860993-15861048, EPI_ISL 15862338-

15863336,  EPI ISL_15863677-15864655,  EPI_
ISL_15864802-15865776, EPI_ISL_15865821-
15866801, EPI_ISL_15867150-15868141,

EPI ISL 15868158-15869145,  EPI ISL 15869218-

15870209,  EPI ISL 15871156-15872140,  EPI_
ISL_15872157-15873150, EPI_ISL_15873159-
15874146, EPI ISL 15874159-15875146,

EPI ISL 15875638-15876623, EPI ISL 15876640-
15877626, EPI ISL 15879747-15880730, EPI
ISL_15883551-15884536, EPI _ISL 15884833-
15885823, EPI ISL 15885995-15886980. Taxxe moy-
YEHHBIC MOCIICAOBATEIFHOCTH OBUIM 3arpyEHBI B 0azy
mauaeix VGARus.

WudopManust 0 UUPKYISAIUA TEHETHYECKUX JIMHUH,
WCIIONB30BAaHHAS B HACTOSINEM HWCCICIOBAHUN, ObLIa
JIOTIONTHEHA JIaHHBIMH, TIOJYYEHHBIMH W3 0a3bl JTaHHBIX
GISAID. IlonyuyeHHble naHHBIC OBUTH OT(UIBTPOBA-

Hbl no crnenyomuMm napamerpam: Host == «Humany,
“Sequence length® >= 27000, ‘Is complete?’ == “TRUE”
u Location == “Europe/Russia/Moscow/Moscow” wiu

“Europe/Russia/Moscow” (mara 3ampoca 18 ceHTs-
Ops 2023 1.). JJOmMOMTHUTENHHO MOMyYeHHBIE OCIEI0Ba-
TENBHOCTH TaK)Ke ObUIM OT(QHIBTPOBAHEI MO AaTe cOopa
("Collection date” < «2023-06-01»), B pe3ynbrare 4ero
6bu1a momyyena 16 541 3amuce.

Wudopmanust 0 TeHeTHYeCKUX BapHaHTaX JJIsl OCTaB-
IIUXCS TIOCIIE0BATENIFHOCTEH ObUIa CrpyNIHpoBaHa
cienyromuM obpasom: Yxans/Wuhan (B.1 + B.1.X),
Ansda/Alpha (B.1.1.7 + Q.X), Bera/Beta (B.1.351),
Henvra/Delta (B.1.617.X + AY.X), BA.1.X (B.1.1.529
+ BA.1.X), BA.2.X, BA.5.X (BA.5.X + BE.X + BE.X),
CL.X, XBB.1.X (6e3 XBB.1.9.X u XBB.1.16.X),
XBB.1.9.X, XBB.1.16.X (XBB.1.16. X + FU.X) u «/lpy-
rue XBB»/«Other XBB» (pyrue nuann XBB + EG.X).
Kpome Toro, Obumn m00aBiE€HBI TE€HETHYECKHE JIMHUU
B.1.1.317 u B.1.1.523. OctaynbHble TUHUU OBUIH O0B-
enuHeHsl B rpymmy «[pyrue»n/«Othery». IlomyueHusle
JaHHBIE OBUIH OOBETUHEHBI C METaaHHBIMU U BU3yaJIH-
3upoBaHHI B cpene R mpu momomu maketos dplyr v. 1.1.1
[24] u ggplot2 v. 3.4.2 [25].

s cpaBHeHUs Ooliee IBYX HE3aBUCHUMBIX T'PYIIT OBLI
ucnosb3oBad Tect Kpackena—Yomnuca. Ecnu pesynbra-
THI OBUTM CTAaTUCTUYECKH 3HAYUMBIMU, TIPUMEHSIIA TECT
Hanna nnst onpeneneHus: paznuuus rpynn. CpaBHeHHE
3HaueHud noporosoro nuxia ITIP mposomunu cpenu
00pa3ioB, rae ObUT HCIONB30BaH OJMHAKOBBIA HAaOOP
1utst konmruectBeHHOH TP ¢ 0OpaTHO# TpaHCKPUTIIHEH.
Jlia cTaTrcTHYecKOro aHaim3a OBIT MCTIONIB30BaH TaKeT
ggstatsplot v. 0.12.1 [26] u R v. 4.2.2.
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Pesyabrartsl

Lunamuxa eenemuueckux eapuanmos SARS-CoV-2
6 Mockee c nauana nanoemuu COVID-19

C navana pacnpoctpaneHusi SARS-CoV-2 B Mockse
n 10 ¢espans 2021 T. OCHOBHBIM JOMHHHUPYIOIINM BapH-
aHToM sBIBUICS Yxaus (B.1.X), mpuuem cpeau MHOXKeCTBa
BXOJAIIMX B HEr0 reHETHYEeCKUX JIMHUKA ObLTa OTMEedeHa
IUPKYISIHS XapaKTepHOH TpeuMyIiecTBeHHO st Poc-
cun reHernueckort muauu B.1.1.317. 3umoit 2021 r. pa-
Hee IMPKYJIUPOBABIINE BAPUAHTHl HAYAIU IOCTEHNEHHO
3amemntarbes TUHUSIMA Anbda (B.1.1.7 + Q*) m B.1.1.523
(Takke XapakTepHOW B OCHOBHOM Jiisi Poccum), KoTopbie
B Mae 2021 . BMecTe ¢ o4epemHbIM ITOIbeMoM 3a00IeBa-
emoctn COVID-19 Obim BeITeCHEHBI BapranToM JlensTa
(B.1.617.2 + AY*). B xonue 2021 1. Ha CMEHY BapuUaHTy
Hensra mpuxomut OmukpoH (B.1.1.529), u nanee HaOmro-
JlaJlach TOCTeoBaTebHAs CMEHA TEHETHYCCKUX JIMHUN
BA.1.X, BA.2.X u BA.5.X. B okta6pe 2022 r. ogHUM
U3 JOMUHUpYIOIUX BapuantoB ctaHoBurca CL.X, crons
IIMPOKOE PaclpOCTpaHEeHNE KOTOPOro He OBLIO 3aperH-
CTpUpOBaHO B Apyrux crtpaHax. Hapsgy ¢ CL.X B Hos-
Ope 2022 1. B MockBe Hadai ITUPKYIHPOBaTh PEKOMOU-
HaHTHBIA BapuanT XBB, BrocieacTBUM BBITECHUBIIMNA
ocrtanbHble reHeTnaeckue TuHuu SARS-CoV-2 (puc. 1 a).

PasHble BapuaHThl BUpYyCa, OJYy4aBIINE OTHOCHUTEb-
HO IIMPOKOE PaclpoCcTpaHeHne, 00Iagamy XapakTepHbIM
npoduiem myTanuid. PaccMoTpenue o01ero ux Kojmye-
cTBa B S-0OeJke U APYruX IreHax MoKas3ajo, 4To JI0 MOsBIIe-
Hus BapranTa OMHKPOH MPOUCXOIWIO TTOCTEIICHHOE MX
YBEJIUYCHHE; PACIIPOCTPAHEHUE TTOCICTHETO KE XapaKTe-
pHu30Bajiock Oojee YeM JBYKPATHBIM yBEIHUCHHEM YHC-
Jla HECUHOHUMUYHBIX MyTanuil B reHome SARS-CoV-2
(puc. 1 6). lanee B BUpyce Takxe MPOMOJKIIN IOSIB-
JATBCS 3aMEHBI, OHAKO M3 OOIIETo psfa «BBIMAJAET»
nepsblii BapuanT OmukpoHa, BA.1.X, xapakrepusyro-
mwmiics 34 myTamusiMu B S-0eke, yTo Ha 3 Ooiblie, yem
y nocnenytomero BA.2.X, u conocraBumo ¢ BA.5.X.
Hecmotps Ha 3T0T (hakT, obmiee 9nciio MyTannii B TeHO-
me SARS-CoV-2 Bapuanta BA.1.X ObUI0 HAaMMEHBIIUM
Cpeou BceX OCTajJbHBIX JMHUNA OMUKpPOHAa U COCTaBU-
10 60, Torga Kak NoCJIeAHUN pacCMaTPUBAEMBbIIl BAPUAHT,
XBB.1.9.X, umen oxono 80 aMHHOKHMCIOTHBIX 3aMEH,
13 KOTOphIX 41 Haxommiach B S-Oeke.

IIpopuns Mymayuii 6 OCHOGHBIX 2eHEMUYECKUX
sapuanmax SARS-CoV-2.

[TonpoOHOE paccMOTpeHHEe MyTallii B BHEIOpAaHHBIX Ba-
pHaHTax BBIIBWIO XapaKTEePHBIH Mpodwis MyTarmil s
UpKyupoBaBix B MockBe BapuantoB SARS-CoV-2.
B RBD S-6enka s Ansda ormeuanack mytanust N501Y,
ot B.1.1.523 — E484K u S494P. [lna [lensra Obut! Xapak-
TEpHBI JIBe aMHUHOKUCIIOTHBIE 3aMeHbl (L452R u T478K)
B RBD S-6enka, mit BA.1.X — 13, npudem Takxke HaOIo-
JIAJIOCh TIOSIBIICHUE B OTHOCSIIMXCS K JAHHOMY BapHaHTY
OMHKpOHa HEKOTOPBIX TE€HETHYECKHX JIMHHUAX MyTaluit
K417N, N440K u G446S. Jlns Bapuanta BA.2.X ObuTO
xapakrepHo 16 myrammii B RBD, roe obummu ¢ BA.1.X
ABUIMCH U 10 U3 HUX: Janee y JOMUHHUPYIOIIUX Ba-
puaHTOB He oTMedanuch Mytaimu R346K u S371L, npu-
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cytctBoBaBmne y BA.1.X, u, kpome TOro, MOSIBUICS DAL
nmonomauTenbHBIX 3aMeH S371F, T376A, D405SN, R408S,
K417N 1 N440K. Y Bapuantos BA.5.X u CL.X nossunacsk
myTanust L452R, xapakrepnas s iuaun [lensra, u F486V,
TIPUYEM JUTS BCEX B NATHEUIIIEM UPKYITNPOBABIINX BapH-
AHTOB OBLTN TAKXKE XapaKTePHbI AMIHOKHCIOTHBIE 3aMEHEI
B nostioxkeHnu 486. C konna 2022 r. B MockBe TOMUHUPY-
IoLLe reHeTnyeckoi mHuen craga XBB u ee mogsapu-
aHThl (puc. 1) ¢ XapakTepHBIMH MHUHHUMYM 22 aMHHOKHC-
JOTHBIMU MyTaiusaMu B RBD, npudyeM u3 Hux 6 He BCTpe-
YaJWCh B paHee IMPKYIMPOBABIIMX BapHaHTax (pHC. 2).
Becnoii 2023 1. OCHOBHBIM IUPKYIUPYIOIIMM BapHaHTOM
spisuicst XBB.1.9.X, a umenno XBB.1.9.1, ans xotoporo
xapaktepHa 3ameHa F486P (puc. 2).

B N-xonueBom momene (NTD) S-Oenmka nabiromanoch
Oorbilioe pa3sHOOOpa3ne aMHHOKHCIOTHBIX 3aMeH. |eHe-

a/a

o/b

OPUTUHAJbHbBIE NCCNEAOBAHUA

Tryeckas juHusa B.1.1.523 xapakTtepuzoBaiach HaJIUYH-
eMm myrtauuu F306L. T'eHeTuueckue JIMHWUM, OTHOCSIIM-
ecsl K BapuaHty JlenbTa, Menu MyTaluu, KOTOpPBIE BIIO-
CIEACTBUM HE BCTPEYATHCh Yy APYrux BapuantoB: T19R,
E156G, F157del, R158del, n omay mytaruro G142D, xa-
PaKTEepHYIO ISl BCEX BapuaHTOB JMHIE OMUKPOH, KpOMeE
BA.1.X. B nenom 6omprmaCcTBO MyTanui BA.1.X Obutn
HEeXapaKTepHBI I MOCICAYIONNX BapruaHTOB OMHUKPO-
Ha 3a HCKIIoYeHueM aenenuil 69—70, KoTopble MpUCYT-
crBoBanu Takxke y BA.5.X u CL.X. CL.X, no cpaBHEeHUIO
¢ BA.5.X u gpyrumu Bapmantamu OMHKpOHa, o0nagan
amMHuHOKHCIIOoTHOM 3ameHoit K150E, B ocTansHOM ke Bapu-
auTel BA.2.X, BA.5.X u CL.X nuMenu cXomHbId POQHITH
myTanuii. s BapuanToB XBB Obun xapakTepHbI MyTa-
mun V83A, H146Q, Q183E u V213E, panee He BcTpeuas-
mMecs y APYrux reHetmueckux JuHui. B C-koHueBom

Puc. 1. I'eneruueckue Bapuantsl SARS-CoV-2, nupkynuposasuive B Mockse ¢ Hadana nagaemuu COVID-19.

a— IMHaMuKa reHeTndeckux BapuanToB SARS-CoV-2. CrieBa 1o ocu opiIMHAT [OKa3aHa J0JIsl TeHETUYECKUX JIMHHM, CrIpaBa — Yucio HOBBIX ciaydaes COVID-19
Ha 100 ThIc. HaceneHuUs; 6 — HU3MEHEHHE KONNIeCTBa MyTaIHil B OCHOBHBIX IIMPKyIHpoBaBunX BapuanTax SARS-CoV-2. I1o ocu opanuHAT NOKa3aHO KOIUYECTBO
myTauuit. Ha ocu aberucc oTpakeHbl NEpHObl (MECSLbI).

Fig. 1. Genetic variants of SARS-CoV-2 circulating in Moscow since the start of the COVID-19 pandemic.

a — dynamics of genetic variants of SARS-CoV-2 circulating in Moscow. The left Y-axis indicates the proportion of genetic lineages, while the right axis
represents the number of new COVID-19 cases per 100,000 population; b — changes in the number of mutations in the predominant circulating variants of SARS-
CoV-2. The ordinate axis displays the mutation count. The periods (months) are indicated on the abscissa axis.
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Puc. 2. Mytamuu B RBD Spike-6enka 0CHOBHBIX JOMUHHPOBaBIINX BapuaHToB SARS-CoV-2.

o ocu opaunat orpaxensl BapuanTel SARS-CoV-2, o ocu abcrpce — aMMHOKUCIIOTHBIC 3aMeHbl. HysieBble 3HaUSHUS OTPaXAIoT J0JIF0 MyTaIUi, CTPEMSIILY-
10CS K HYJIIO; ITYCThIE SIMEHKU — OTCYTCTBUE MYTALMi B JAaHHOH MO3UIIMY.

Fig. 2. Mutations in the RBD of the spike protein of the predominant SARS-CoV-2 variants.

The Y-axis represents SARS-CoV-2 variants, and the X-axis represents amino acid substitutions. Zero values reflect the proportion of mutations tending to zero;
empty cells represent the absence of mutations at a specific position.

nomere (CTD) y Bcex BapuaHTOB MMeNla MECTO 3aMEHA
D614G, xak u3BECTHO, 3aKpEMNUBIIAsACS €IIe 0 pas3iese-
Hus teHetndeckux jguHuM SARS-CoV-2 ma VOC [27].
s Anba HamOosnblnee KOIMYECTBO aMHHOKHCIIOTHBIX
MyTalui Habmonanoch uMeHHo B oomactu CTD: P681H,
T7161,S982AuD1118H, ne cuntas D614G. JIna B.1.1.523
66110 XapaktepHo Hamnaue D839V u T10271, nanee ve ot-
Meuagiieecs B qpyrux Bapuantax. ¥ Jlensra B CTD 66110
yuis 2 3aMeHsl moMuMo D614G: P681R okomno dhypuHO-
Boro caiita 1 D95ON. Jlamee BA.1.X o6magan HauOoO/Ib-
MM KOJIWYECTBOM MYTaIMid B 3TOM 00JIacTH IO CpaBHE-
HUIO C OCTaJbHBIMH BapuaHTamMu OMHKpPOHA: TIOMIMO
xapakrepabix H655Y, N679K, N681H, N764K, D796,
Q954H, N969K vy nepBoro BaprianTa OMHKpPOHA OBLITH J0-
nomauTeabHble T547K, N856K n L981F. B nenom nans-
Heiimras ssomonust NTD OMukpoH npakTuuecku He Oblia
orMeueHa, ogHako y CL.X u XBB.1.X B HeO0IbIIIOM TTPO-
nenTe ciaydaeB (29 m 12 cOOTBETCTBEHHO) HAONMIOAIaCh
3amena T883I (puc. S3 a).

B HeCcTpyKTypHBIX T€Hax YacTOTa BO3HHUKHOBEHUS
MyTanii ObUTa 3HAUMTETHHO HIDKE, 4eM B S-Oelnke.
Jns BapuanTta Jlensra ObUIO XapaKTepHO OKoJO 16 my-
TalMi B HECTPYKTYPHBIX TeHAX, mpuueM MyTanuu 14921
B NSP4 u P323L 8 RdRp (NSP12) 6pumn Taxke xapak-
TEPHBI JUIsI BCEX MOCIEAYIONMX BapuaHTOB OMUKpOHA,
a G671S B TOM e reHe — 11l reHeTndyeckux Juauii XBB.
OcranpHble XKe MyTalluu Jlajiee He BcTpedanuck. [lepBolit
BapuanT OmukpoHa, BA.1.X, obmaman aMHHOKHCIIOT-
HbeiMu 3aMeHamMu NSP3 K38R, NSP3 [12661, NSP3
A1892T, NSP6 1189V u nenmermmsmu NSP3 S1265del
n NSP6 L105del, nanee He BcTpeyaBIIUMHUCA y BapH-
anToB OMHKpPOHA, a TaKKE PAIOM APYTHX XapaKTepPHBIX
mrs Ommkpona wmytammii: NS9b P10S, NS9b E27-
29del, NSP4 T492I, NSP5 P132H, NSP6 S106-107del
u NSP14 142V. Bce mnocneayromue BapuaHThl OMH-
KpoHa 1o cpaBHeHHI0 ¢ BA.1.X oOmamanu mMyTtanusMu
NS3a T223I, NSP1_S135R, NSP3 T24I, NSP3 G489S,
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NSP4 1.264F, NSP4 T3271, NSP6 F108del, NSP13
R392C, NSP15_T112I. OtnuuurensHOil 0COOEHHOCTHIO
BA.2.X u XBB sBmsuiuch aMHUHOKHCIOTHBIE 3aMEHbI
B NS6 — D61L u NSP4 — L438F. [Inst BA.5.X xapaxtep-
HBI TOMOJHUTENNbHBIC MyTaruu NS9b D16G u NSP13
T127N, He BcTpedaBmuecs y apyrux sapuanron. CL.X,
XOTh M sBIsIsich nmommHuern BA.5. X, He oOmagan gaH-
HBIMH 3aMEHaMH, OJHAKO XapaKTEePHU30BaJCs HATHUYUEM
NS8 F41C u NSP13 N102S. Bapuanter XBB, nomu-
MO TIEPEUHUCICHHBIX MYTaIlUi, 00Jagamu CTOM-KOZOHOM
B 8-M monoxxennn NS8 u NSP1 _K47R, a XBB.1.9.X —
NS9b_IST, NSP3_G1001S, NSP9 T35I u B HeOombioMm
mpouenTe caydaeB — NSP2 D449E (puc. S3 s).

Yto kacaeTcsi OPYrHX CTPYKTYpHbIX reHoB SARS-
CoV-2, to mis BapumanTta Jlenpra He OBUTH XapakTep-
Hel MyTanuu B E-Oenmke, omHako HaOmMIOmainch 3aMEHBI
B MarpukcHoM Oenke (M_182T) u Hykireokancumaom (N
D63G, N_R203M, N_G215C, N_D377Y), mpuuem, Kak
U B ciydae ¢ OONBIIMHCTBOM OCTAIBHBIX aMUHOKHCIIOT-
HBIX 3aMEH, OHM He BcTpedanuck y OMukpona. [[nsa Bcex
BapuaHToB OMHUKPOHA, IIUPKYIIMPOBABIINX B MOCKBE, OBI-
M xapakTepHsl crnenytomue mytammu: E T, M Q19E,
M_A63T, N _PI13L, N_E31-33del, N_R203K, N_G204R,
OJTHAKO HEKOTOPBIE TCHETHYECKUC JIMHUU WMENU CBOHM
ocobernHoctu. Tak, BA.1.X Hec HOMONHUTENHHYIO K IIe-
peuuciensbiM MyTanuio M_D3G, Bapuant BA.2.X u Bce
OCTaJbHEIC paccMaTpuBaeMble BapuaHThl OMuKpoHa — N
S413R, BA.5.X u CL.X —M_D3N. CL.X Taxke obmanan
3amenort N_A218S, asce XBB —E T11A (puc. S3 6).

Jlunamuka upycHoii Haepy3Ku OCHOBHbIX
YUPKYIUPOBABUUX 8APUAHINOE

CpaBHUTENBHBIN aHAIH3 BUPYCHON HAarpy3KH (9KBHBa-
neHt — noporoseiit kit [1LIP, Ct) mokasan, 9ro cpemu
BapuanToB Yxaub (B.1.X), [ensra (B.1.617.2 + AY.X)
U nepBbIX BapuanToB OmukpoHa (BA.1/BA.2) Hanbos-
mast BUpyCHas Harpy3ka ObuTa XapakTepHa Ul BapHaH-
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Ta Jlenbra ¢ MeauaHHbIM 3HaueHueM 23,85 (p < 0,0001,
puc. 3 a). Takum 00pazom, HAOTIONATOCH YBEITHICHUC
BUPYCHOM HArpy3kKu IpHU 3aMELEHUM BapuUaHTa YXaHb
FCHETUYECKUMHU JIMHUSMHU, OTHOCSILUXCS K BapUaHTY
Jenbra (B mpenenax omHOTO «ceporumnay). Ilepsrie Ba-
puanTel OMHKpOHAa XapaKTepHU30BAINCh CHIDKCHHON
1o cpaBHeHHUIO C¢ JlenbTa BUPYCHOM Harpys3koil (Memua-
Ha 29,62, p<0,0001), mpudem nanee Takxe HaOIONATOCH
CTaTUCTUYECKH JOCTOBEpHOE HEOOJIBIIOE ITOBBIIICHHE
3HaueHui Ct qyig BapuantoB BA.2.X u BA.5.X o cpas-
menuio ¢ BA.1.X (puc. 3 6). CrarucTruecku 3HaYNMBIX
pasnnunit Mmexnay BA.2.X u BA.5.X obHapykeHo He ObI-
no. [lna Bapuanta CL.X ObUTO XapakTepHO CHIIKCHHOE
no cpasHeHuto ¢ BA.5.X 3Hauenue Ct ¢ MeauMaHHBIMU
3HauenusMu 35,13 u 27,27 coorserctBenHo (p<0,0001,
puc. 3 8). Kpome Toro, y Bapuantos Bupyca CL ¢ momnon-
HUTenbHOUN MyTaruer T8831 nabmromanace Oonee BbICO-
Kas BUpPYCHas Harpy3ka [0 CPaBHEHUIO C BapHaHTaMU
6e3 manHou myrtamuu (p=0,001, puc. S1), omHako Ha
BUpYyCHYI0 Harpy3ky XBB.1.X nHanuuue naHHod MmyTa-
uuu He Bausuio (puc. S1). brura oTMmedeHa TeHACHIUS
K YBEJIMUYEHHUIO BUPYCHOW HAarpy3ku y MOCIIEIOBATEIb-
Ho cMmenstonuxcs BapuantoB BA.S5. X, CL.X, XBB.1.X
n XBB.1.9.X, rne Hanbonbmas BUpycHas Harpy3ka Obuia
xapaktepHa st XBB.1.9.X (p<0,01, puc. 3 6).

Oo6cy:xneHue

Ha mpotsbxenun Oonee 4 ner manaemuun COVID-19
OBLT MTOTyYCH OeCTIPEIIeICHTHRIN 00heM TaHHBIX, TIPEKIe
BCEr0 TEHOMHBIX, KOTOPBIE HCIONB3YIOTCS KaK ULl TIOHH-
MAaHHMsI SBOJTIOIIUH, TaK U JUIS COBEPIICHCTBOBAHUS MPOdHH-
JAKTHICCKUX W TEPATICBTUUCCKUX TpernaparoB. B Teuenme
JAHHOTO TIEPHONa TMOSIBIISUIMCH BapHaHTHI BHpYCa C pas-
HBIMH (DEHOTHUIIMYCCKUMH XapaKTEPUCTHKAMU, BKIIIOYas
3apa3HOCTh, THKECTh 3a00JICBaHNUS U YKJIOHEHUE OT HMMY-
Hutera [28]. KoMIiekcHbIN aHATN3 MOITYYEeHHBIX JaHHBIX
o maroreHe SARS-CoV-2 1mo3BoiisieT NMOHATh OCHOBHBIE
MEXaHW3MEI (JIpaiBEpPhI) PBOIONHN U 0CO3HATH IIPOIIECCHI,
MIOPOKIAIOIINE TO PazHOOOpasne, YTOOBI MOTEHIINATHEHO
npecKa3aTh BO3MOXKHBIC OyIyIlMe BapuaHThI BHpYycCa.
B xauecTBe OCHOBHBIX JIpaiiBEpOB MPOAOIIKAIOIIEHCS TaH-
JeMHM HamM# OBUTH PAacCMOTPEHBI JBa KITFOUEBBIX ACIICK-
Ta — BUPYCHas Harpy3ka ¥ npoduib MyTaluid B T€HOME
BHpYCa, YTO B ICJIOM XapaKTepH3yeT HaOIIOMacMbIiA Iie-
PEXOIl «yBENMYECHUE MyTallii —> YBEIMYCHUE BUPYCHON
Harpy3Kky —> MOSBICHHE HOBOTO CEPOTHIIAY.

C mpavana nmagaemud B 2020 . ¥ OO0 Hadaia Jie-
ta 2023 1. B MOCKBE CMECHMIOCH HECKOJIBKO T€HETHde-
ckux BapuantoB SARS-CoV-2, a umenno Yxauns (B.1.X),
Hensra (B.1.617.2 + AY.X) u Omukpos. BayTpn kaxxmoro
Y3 HUX B COOTBETCTBYIOIINE MIEPHUOABI BPEMEHH TOMUHH-
poBallK Ompe/eNieHHbIe TeHeTnYeckue TMHuM: B 2020 . —
B.1.1.317, 8 2021 . — B.1.1.523, Ameda (B.1.1.7 + Q.4)
nAY.122[29],82022 1. —nmuanm BA.1.X, BA.2.X, BA.5.X,
CL.X, B 2023 . — pexomOuHanT XBB ¢ coOTBeTCTBYIO-
owvu ogymuHEsMA XBB.1.X u XBB.1.9.X (puc 1 a).
3aKOHOMEPHOM O0COOCHHOCTBIO CTa0 MOCIEN0BATEIHHOE
VBEJIUUCHHE YHCIIa HECMHOHUMHUYHBIX MYTAIlldi B T€HO-
Me nupkyaupyromux BapuantoB SARS-CoV-2, okoro
MIOJIOBUHBI U3 KOTOPBIX HAXOMUIIOCH B S-Oeinke (puc. 1 6).

OPUTUHAJbHbBIE NCCNEAOBAHUA

[Nocnenyromee MoapoOHOE PACCMOTPEHHE MOJIEKYISp-
HO-TEHETUYECKHUX CBOWCTB IIMPKYJINPOBABIINX BAPUAHTOB
SARS-CoV-2, Bkmro4aBIIuX NpopuiIb MyTalyii B TeHOME
SARS-CoV-2 1 BUpYCHYI0 HarpysKy, O3BOJIUIIO BBISIBUTH
OTIpe/IeIeHHbIE 3aKOHOMEPHOCTH, KOTOPBIE MOTIIN 00ycia-
BJIMBAaTh MPOJOJDKAIOIIEECS] pacIIPOCTPaHEHUE HOBBIX Ba-
puanToB Bo30ynutenss COVID-19 v BHOBb BO3HUKAIOIIIHE
MOTBEMBI 3a00JIEBAEMOCTH M TociTanm3anuii B Poccnn
u mMupe. Tak, 66110 0OHApPYKEHO, YTO MPH IEPEXOAie OT Ba-
puantoB B.1.X x [lensra (B.1.618.2 + AY.X) mpou3zomnuio
CHIDKEHME BUPYCHOM Harpy3ku Ha 7,7 uukia 1P, npuuem
3TO sIBJICHHE OBLTO paHee TaKKe OTMEUCHO U B APYTHX HC-
cenoBanmsx [30, 31]. s maHHOTO BapuaHTa TakkKe ObLI
XapaKTepeH ps/i MyTallHid, B TOM YHCJIe U B PELENTOP-CBS-
3pIBaroIeM JomeHe Spike-Oenka (puc. 2, puc. S3), KoTo-
pble TOTEHIIMATLHO MOTITH O0YCIIABIUBATh €r0 IOBBIIICH-
HYIO BHPYCHYIO Harpy3ky. B paHee mpoBemeHHBIX mccie-
JIOBaHMUSIX OBUIO MOKAa3aHO, YTO Hajuyue 3ameHbl L452R
B S-0Oejike KoppenupyeT ¢ YKJIOHEHHEM OT HeWTpain3y-
IOLMX aHTUTEN [32], NOBBILIEHHBIMHA POJACTBOM K peLer-
Topy ACE2, a Taioke yBelIMUMBaeT CTAOMIBHOCTH IUIIOB
Y BUPYCHYIO HH(EKIIMOHHOCTh, TEM CaMbIM CITIOCOOCTBYS
YBEJIMUEHUIO BUpycHOU permkanuu [33]. Kpome Toro,
mytanuu E156G, T478K u D614G takxe yBeIUIUBaIU
MH(EKIMOHHOCTh U CPOJICTBO BUpYCa K PEIENTopY, a Ipy-
rue 3amenbl, Takue Kak P681R 1 D950N, ciocoOcTBOBaIM
Goee BEICOKOH CKOPOCTH paclipOCTPAHEHHUS 3a CUeT Ooliee
a¢dexTrBHOTO pacierieHus S1/S2 B GpypuHOBOM caiite
[34, 35]. IlomMrMO CTPYKTYypHBIX OCJIKOB, Ha PacIpoCTpa-
HEeHMe BapuaHTa Jlensra U NOBBIIIEHHUE ET0 BUPYCHOM Ha-
I'PY3KH COOTBETCTBEHHO TAKXKE MOTJIM OKa3bIBATh BIMSHUE
u npyrue myrtanmu. Hanpumep, ObUI0 MOKa3aHo, 9TO My-
tarust T4921 8 NSP4 nonokuTensHO BIUSUIA HA PETUTHKA-
uuto Bupyca [36]. BapuaHTsl BUpyca ¢ aMHHOKHUCIOTHON
3ameHo# P323L B rene RARp in vitro obnamanu cenexTus-
HBIM IPEUMYIIECTBOM TI0 CPAaBHEHHUIO C BapHaHTaMH 0e3
Hee, U, KpoMme Toro, Hamuune 1.323 u S671 Obu1o cBsi3aHO
¢ Ooee >hQPeKTUBHON pEIUTUKANNCH TPU MOHWKEHHOMN
TEMIIEpaType B BEPXHUX JIBIXaTeNbHBIX MyTaX [37]. Takum
00pa3om, JOTONHHUTENbHBIE MYTAllUH, XapaKTepHbBIE IS
BapuaHTa Jlenbra, HETOCPEICTBEHHO MOIIIH O0YyCIOBHTH
BBICOKYIO BUPYCHYIO HarpysKy, B pe3ylbTaTe 4ero ee IMo-
BBIILICHHBIC 3HAUEHMs [0 CPABHEHHUIO C MEPBBIMHM Bapu-
aaramu SARS-CoV-2 B.1.X mormu ompenemste Ooee
BBICOKYIO CKOPOCTbH PaclpOCTPaHEHHs TaHHOTO BapHaHTa
B CPaBHEHUU C paHee UPKyIupoBaBumu [23, 38, 39].
[eprrie Bapumantsl Omukpona, BA.1/BA.2.X, cMeHUB-
e BapuaHT Jlenbra, XapakTepu30BaliCh, HAOOOPOT, CHH-
JKCHHOM BHUPYCHOH Harpy3koi mpu 0ojiee BBICOKOH CKOpPO-
ctu pacripoctpaneHus [40]. CTouT otMeTuTh, 410 OMUKPOH
(PUITOTEHETHYECKH PACXOIUTCSI C paHee HUPKYITHPOBABIIN-
MH BapHaHTaMH W oOnajaer Oonee 15 3amMeHaMH TOJNBKO
B RBD (puc. 2), He cunTtas MyTaluii B Ipyrux reHax (puc.
S3). Kpome Toro, naHHBII BapuaHT CEPOIOTHYECKH OTINYa-
eTcs OT paHee LMPKYIUPOBABIIMX, O YEM CBHUIICTENBCTBY-
eT pan uccienoBanuii. Ecmu 3 ¢ekTHBHOCTL BaKIIMHAIINN
npotuB Jlenbra ocraBanack BbICOKOH [41] 1 GOMBIIMHCTBO
MOHOKJIOHAJIbHBIX aHTUTEN HeUTpalu3oBaiu BUpyC [42],
TO B cirydae OMHKpOHa HaOMOaI0Ch CHIDKEHHUE (P (heKTHB-
HOCTH BAaKIWHAIMM W YyBCTBUTEIBHOCTH K TepareBTHUE-
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ala o/b

6/c

Puc. 3. CpaBHeHHE BUPYCHOM Harpy3Ku OCHOBHBIX JOMUHHPOBaBIINX B Mockse BapuanTtoB SARS-CoV-2.

a — BUpYCHas Harpyska BapuanToB YxaHb (B.1.X), Hensra (B.1.617.2 + AY.X) u Omukpon (BA.1/BA.2.X); 6 — BupycHas Harpy3ka BapuaHToB OMHUKpPOH
BA.1.X, BA.2.X n BA.5.X; 6 — BupycHas Harpy3ka BapuantoB BA.5.X, CL.X, XBB.1.X u XBB.1.9.X. ITo ocu opauHat orpakeHsl 3HaueHus Ct, mo ocu adc-
muce — Bapuantsl SARS-CoV-2 u konuuecTBo 00pasuos.

Fig. 3. Comparative analysis of viral load in predominant SARS-CoV-2 variants in Moscow.

a — viral load in Wuhan (B.1.X), Delta (B.1.617.2 + AY.X), and Omicron (BA.1/BA.2.X) variants; b — viral load in Omicron BA.1.X, BA.2.X, and BA.5.X
variants; ¢ — viral load in BA.5.X, CL.X, XBB.1.X, and XBB.1.9.X variants. The Y-axis denotes Ct values, while the X-axis represents SARS-CoV-2 variants
and the number of samples.
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CKUM U TIPOQUIAKTHICCKUM TiperniaparaM [7, 8]. Takum 00-
pa3oM, MOKHO TIPEATIONOKHTE, 9T0 OMUKPOH pacipocTpa-
HSUICS] aKTMBHO Ha TIEPBBIX dTallax He 33 CYET IMOBHIIICHHON
BUPYCHOI Harpy3KH, a 3a C4eT TOr0, YTO UIMMYHHasi CUCTEMa
paHee He CTaIKMBAJach C MOJOOHBIM CEPOTHIIOM BHpYyca
[43]. IloMumo 3TOrO, MPHUOOPETEHHBIE B XOAE 3BOIOLMN
BapuaHTa OMUKpPOH MyTalUM B HECTPYKTYpHBIX OeKax
(x mpumepy, 203K/204R B N-6enxe 1 ASGF/ALSG B NSP6)
u S-6enke (N501Y u H655Y) Taroke MO criocoOCTBOBATh
€ro IMPOKOMY PacIpOCTPAHEHUIO BBUIY BBICOKOM CKOPO-
CTH permKanuu 1 6oree 3(h¢eKTHBHOI nepenadn Bupyca
[44—47]. Kpome TorO, pe3koe yBeIH4YEHHE YucIa MyTalii
B RBD MOXeT SBISATHCS CIEICTBUEM MX B3aUMHOTO BIIMS-
HUSL, T7I€ MOSIBIICHHE OIHOM 3aMEHBI BJIEKIIO 3a COOOM MOsIB-
neHue apyroil, kak B ciaydae Q498R u N501Y, uto tarke
BIUsUT0 Ha adduHHOCTE cBsa3biBaHus ACE2 u mH(bEeKIMOH-
HOCTb BUpyca cooTBeTcTBeHHO [48]. Co BTOpoOii MONOBU-
Hbl 2022 1. TOMUHUpYIOIUM BapuaHToM OMuKpoHa B Mo-
cKkBe craHoBUTCs BA.5.X, TeM caMbIM 3aMelniasi paHee Lup-
kymupoBaBimii BA.2.X (puc. 1 a). CpaBHUTENBHBIN aHATN3
[IOKA3aJI, 9TO BUPYCHAs HAarpy3Ka T'€HETHYECKUX JIMHHUN
BA.2.X n BA.5.X cTraructnyecku JOCTOBEPHO OTIMYAETCS
ot BA.1.X ¢ menuanasivu 3Ha9eHIsIME Ct 25,1, 25,0 1 24,3
COOTBETCTBEHHO IIPH OTCYTCTBHM 3HAYMMBIX pA3IUIUil
Mexxay BA.2.X u BA.5.X (puc. 3 6). Hecmotpst Ha To 4TO
TIOTyYeHHBIC PE3YIBTATHl YACTUIHO PACXOMISATCS C JAHHBIMA
paHee MPOBEACHHBIX UccienoBanuii [49—52], oHM COOTBET-
CTBYIOT JAMHAMUKE SMHIEMUYECKOro Ipolecca B Mockge.
Tak, ¢ mosiBiieHneM Bapuanta Omukpona, BA.1.X, Ha0mo-
JIaJIOCh ITOBBIIIEHHE 3a00jeBaeMOCTH, Torma kak BA.2. X
BeITecHIT BA.1.X 0e3 COITyTCTBYOIIEro YBEIUYEHHUS
yrcna HOoBbIX cimydaeB COVID-19 (puc. 1 a). AxtuBHOE
pacrpoctpaneHne BA.5.X coBnano ¢ odepenHbM (6-M)
TIOJTbEMOM 3a00JIEBAEMOCTH, M, TEOPETHYECKH, 3TO CTAJIO
BO3MOXKHO HE 3a CYET TOBBIIICHHUS BHPYCHOU HArpy3KH,
a Omaronapsi MOSBJICHUIO y JAHHOTO BapHaHTa psAla HECH-
HOHMMUYHBIX 3aMEH, B YaCTHOCTH, JBYX JOMOJHUTEIbHBIX
mytaiuii B RBD L452R u F486V, npuyeM nepas aMHHO-
KHCIIOTHAs 3aMeHa OblTa TakKe XapaKTepHa U 11 BapuaHTa
Henbra (puc. 2). bpuio mokazaHo, 4To 3a CUET TaHHBIX MY-
Tanuii HaOMomaeTcs YKIOHEHHE OT HEHTPaIN3YIOINX aH-
TUTEN, CHOPMUPOBAHHBIX TIOCIIE paHee TIEPEHECEHHO UH-
(bexumm nepBbIMU BapuaHTamMu OMUKpPOHA W BaKI[MHAITHEH
[53, 54]. Kpome Toro, y BA.5.X mo cpaBHeHuto ¢ BA.1/2.X
MIOSIBIIIOTCS. HECHHOHUMUYHBIE 3aMeHbl B TeHax ORF9b
(D16G) u NSP13 (T127N), KoTOpble MOTYT CIOCOOCTBO-
BaTh pACIPOCTPaHEHUIO BUpyca Onaromaps YKIOHEHHIO
OT UMMYHHOU cuCTeMBbI Xo3suHa [55]. COOTBETCTBEHHO,
ot Bapuanta [lensra k BA.1.X 1 BA.5.X nocnenosarens-
HO MPOUCXOIMIIO HAKOTIJIEHHE BIIHSIOIINX Ha CIIOCOOHOCTh
YCKOIIb3aTh OT UMMYHHTETa U 6osee 3p(PEeKTUBHO MPOHH-
KaTb B KJIETKY MyTalllii, YTO MO3BOIMIO JAHHBIM BapUaH-
TaM CTaTh MPUYMHON HECKOJBKUX BOJH 3a00JIeBaEMOCTH
0€e3 COOTBETCTBYIOIIETO TOBBIIICHHS BUPYCHOW HATPY3KH.
bmke k koHity 2022 1. B MOCKBE OHMM M3 OCHOBHBIX
BapuanToM craHoBuTcsi CL.X, SBISIOIIUICS MOMTMHUAEH
BA.5.1.29 [56]. JlauHBIif BapuHaHT ObLI PacmpoCTpaHEH
npeuMyliecTBeHHO B Poccuu u xapakrepuzoBascs psiaoM
JIOTIOTHUTEINTFHBIX 110 CPABHEHUIO C POAMUTEIILCKOM JTMHU-
eif mytaruit. K uncnmy takux mytanuii otHocsaTes K444N

OPUTUHAJbHbBIE NCCNEAOBAHUA

u K150E B S-6enke, A218S B Genke Hykineokarncuna, F41C
B ORF8 u N102S B NSP13 (puc. S3). Hapsany c mosiBie-
HUEM TEePEYNCICHHBIX MYTalluil HaOMI0NaIoCh MOBBIIIE-
HUE BUPYCHOH Harpy3KH, YTO MOXET CBUIETECIbCTBOBAThH
0 TIOJIO)KUTETIHHOM BJIMSHHUH JTAaHHBIX aMHUHOKHCIIOTHBIX
3ameH Ha perumikaiuio CL.X. Onnako B oOmiel momyss-
UM BUpyca Bapuanta OMHKPOH 3TH MyTallUd HE ObUIH
LIMPOKO PACIPOCTPaHEHbI: UX 1078 cocTapisuia oT 0,05%
(g NS8_F41C) mo 0,3% (ams Spike K444N) o maHHBIM
GISAID na 7 cenrsops 2023 1. [57]. bnaromapst myTanuu
B RBD Bupyc Teoperndecku Mor nzderarb HeWTpainzy-
fowx anturen [58], 4To MOmIo crocobCTBOBATH €ro pe-
IUTMKAIUK; KPOME TOTI0, OHU MTOTEHIUATBHO MOIJIH BIUATh
Ha ORFS u ero posb B anureHeTnyeckoi peryisiuu [59]
wii xennkasHyio aktuBHOcTh NSP13 [60]. Ilompobuoe
PaccMOTpPEHUE TEHETHYECKOM CTPYKTYphl JAHHOW JMHUU
MO3BOJIMJIO TAKXKE BBIABUTH MyTauuto T8831, mosiBuBIIY-
10CS1 OMHOBPEMEHHO ¢ HadanoM mupkyisiiuu CL u npucyT-
CTBYIONIYIO B OKOJIO 29% Bcex coOpaHHBIX 00pas3IloB, OT-
Hocsmuxcs k muann CL (puc. S3 a). [Ipucyrcrsue T8831
6bU10 cBA3aHO C Oonee Beicokoit BH mo cpaBHeHuro ¢ Ba-
puanToM O3 3aMeHsI (puc. S1 a), a mons Bapuanta CL.1.2,
JUISL KOTOPOTO XapakTepHa JaHHas MyTallis, Hadalla yBe-
nuuBaThes ¢ uHTpoaykimeit XBB (puc. S2). Kpome toro,
B oxoJi0 12% ciydaeB T8831 Bcrpeuanacsy u B XBB.1.X,
1 TaKoKe JOJIs TaHHOM MyTalliy Hadajla BO3pacTaTh rmapai-
nenbHO ¢ HavanoM nupkymsinud XBB.1.9.X (puc. S2), on-
HaKo cXokero 3¢ eKTa B B TOBBIIIEHHS] BUPYCHOW Ha-
rpy3ku ot XBB.1.X + T8831 no cpaBHEHMIO C BAPHAHTOM
6e3 3amensl He HaOmonanock (puc. S1 6). Takum oOpazom,
caMo TPUCYTCTBHE JAHHON MYTallid HE CIIOCOOCTBOBAJIO
TIOBBIIIIEHUIO BUPYCHOM HArpy3Kd, OIHAKO, BO3MOXKHO,
910 KoMOMHams MyTanuii B S-Oenke CL. X, BKIIoYaromas
T8831, mMorya MoMOKUTENHLHO BIUATH Ha PacIpocTpaHe-
HHE BUpYCa, OJHAKO €e JI0JIA B TOMYJISIIUH ObUIa BCe-TaKu
HEIOCTaTOYHA.

Jlnst nocnenuux ToMUHUpPYIOMUX BapuanToB, XBB.1.X
n XBB.1.9.X, Taxke HaOIIONaa0OCh IOCICAOBATEIBHOE
MIOBEIIIICHUE BUPYCHOW HArpy3KH HApSIy C TOSBICHUEM
psifia JIOTIONHUTENBHBIX AMHHOKHUCIOTHBIX 3aMEH Kak
B Spike, Tak n B nmpyrux O6enxax. XBB sBmsercs pexomou-
naatoM BJ.1 (momBapuant BA.2.10) u BM.1.1.1 (moxBa-
puantoM BA.2.75) ¢ Toukoii pekomOuHammu B S1 S-6enmka
B pailone 445-460 aMHHOKMCIOTHBIX mno3uuui [61].
3neck HaOmromaeTcs MEepBBIN Cioydail cpeu BCeX paHee
JIoMUHHpOBaBIUX BapuaHToB SARS-CoV-2 mpucnoco-
OneHust BUpyca 3a cueT peKoMOMHAIMH. brUIo moka3aHo,
gTo Onarozaps mpuoOpeTeHHBIM MyTanusaM V83 A, R346T,
L3681 u N460K B S-Oenke oTMedaeTcst OBBIIICHHAS ad)-
¢urHOCTS cBs3bBaHusA hACE2, dy3orenHocTs 1 MHDEK-
IIHOHHOCTh BUpyca BapuaHta XBB [62]. Otu naHHbIE CO-
IJIACYIOTCS C TTOJMYYEHHBIMU PEe3yNIbTaTaMK U OOBSCHSIOT
MOBBIIIEHHYIO BUpYCHYIO Harpy3ky XBB.1.X no cpaBne-
uuto ¢ BA.5.X u CL.X. OgHako, B COOTBETCTBHH C PaHEE
MIPOBEJICHHBIMU UCCIICAOBAHUSAME, HAJIMYUE CTOI-KOJOHA
B Havaje reHa ORFS nomKHO ObUIO OTPUIATENIHHO BIIH-
SATh HAa BUPYCHYIO PEIUIMKAIIMIO C COOTBETCTBYIOIINM
YMEHBIIIEHUEM BUPYCHBIX KOMHUH [59], 0fHAKO MO HAIIMM
pesyabTataM HaOMogaeTcss MPOTHUBOMOMOXKHBINA 3((eKT.
BosMoxHO, IpUCYTCTBHE psiia IPYyTUX 3aMEH B HECTPYK-
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TYpHBIX TeHax (puc. S3) KOMIEHCHPYeT OTCYTCTBUE MOJ-
HoueHHoro NS8. VBenuueHHas BUpyCHasl Harpy3Ka Bapu-
ata XBB.1.9.X mo cpaBHeHHIO ¢ paHee LUPKYINPOBaB-
M XBB.1.X (puc. 1, puc. 3 6), BO3MOXXHO, ObLIa CBSI3aHA
¢ 3ameHaMu F486P B S-Genke, mpuCyTCTBYIOIINMY B TIPH-
MepHo 27% ciydaeB, NSP3_G1001S, NSP9_T35I, NS9b
IST. Hammuue F486P Obl1o XapakTepHO MPEHMYIIECTBEH-
Ho myst BapuanTa XBB.1.5, OsicTpo pacnpocTpaHuBIIIEro-
Csl B psie CTpaH BBUAY IOBBIILICHHONW TPAaHCMHCCUBHOCTH
[63] 1, B COOTBETCTBUM C paHee MPOBEJACHHBIMHU UCCIIEO-
BaHMSAMH, MPUCYTCTBHE IAHHOW 3aMEHBI KOPPEIHpPOBAIO
¢ noBsIIeHHBIM cpoacTBoM K hACE2 [64].

3ak/roueHue

MonekynsspHO-reHeTUYECKM MOHUTOPHUHI BApUAHTOB
SARS-CoV-2 B MockBe ¢ Hayaja MaHAEMUU I103BOJIUI
HE TOJBKO OXapaKTepH30BaTh MPO(UIb OCHOBHBIX I'eHE-
TUYECKUX JTUHUHN BUpyca, HO TaKXe BBIIBUTH PAJ 3aKO-
HOMEpPHOCTEH, KOTOPBIE MOTIIN 00YCIIOBUTH MPOIOIIKAI0-
IIeecs pacrpoCTpaHeHHEe HOBBIX BAPHAHTOB BHUpYyca. Tak,
cMeHa reaetudeckux BapuanTtoB SARS-CoV-2 B Mockse
Ha TPOTsDKEHHUH Oosee 3 JIeT ¢ Havaja MmaHAEeMHUH COIpOo-
BOYK/IaJach TIOCTETIEHHBIM BO3pAaCTaHHEM YHCIA MyTa-
Ui, TJe pe3koe X yBEeIHYeHHE ObUIO XapaKTEepHO AJIL
BapuanTa OMUKpPOH, BO3HHKIIIETO B KoHIlE 2021 1. Kpome
TOTO, JUIA Psiia TOCIIEAO0BaTeIbHO CMEHSBIIUXCS BapH-
aHTOB, K IpUMepy, oT YxaHb k Jlensra mnu ot BA.5.X
k XBB.1.9.X, HaGmonanoch 3aKOHOMEPHOE TOBHIIIICHUE
BHPYCHOM Harpy3ku Hapsily ¢ MOSBJICHHEM HOBBIX aMH-
HOKHCJIOTHBIX 3aMeH Kak B Spike-0ernke, Tak 1 B HECTPYK-
TypHBIX Oenkax. B ocTanmpHBIX ciydasix, KOraa He OTMe-
Yajach JaHHAs TEHACHIUS, MPOMCXOIIIO HaKOIIJICHHE
psina MyTauui, CoCOOCTBYIOIIMX YKJIOHEHHIO OT paHee
c(hopMHPOBAaHHOTO UMMYHHTETA U TOBBIIICHUIO HH(DEK-
[IMOHHOCTH BHUPYCa, YTO ONPEACISIIO €ro AajbHelIIee
pacrpocTpaHeHHe. DTH pe3yabTaThl MOTYT OBITh HCIIONb-
30BaHbI JUISI MOJIEIIMPOBAHUS U TIpeICKa3aHus Oyaylmux
BapHaHTOB, TaK KaK HAIVISIHO JIEMOHCTPHPYIOT HalIo-
JTaeMbIi Iepexo/l «yBeTNUeHHe MyTalluii —> yBeIHYeHre
BHUPYCHOM Harpy3Ku —> MOSIBIEHUE HOBOTO CEPOTHIIAY.
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Abstract

Introduction: Varicella zoster virus (VZV) is a type of alpha-herpesvirus that specifically targets the nervous system.
The initial infection, typically occurring during childhood, results in varicella (commonly known as chickenpox),
after which the virus enters a dormant state in cranial nerve ganglia, dorsal root ganglia, and autonomic ganglia
throughout the entire neuroaxis.

Aim of the study: Molecular and genetic studies of viruses are an important tool for virus development and
identifying viral treatments to combat the diseases. The aim of the study was to determine the whole ORF4
sequence of the local VZV strains for phylogenetic analysis to determine the variability in the viral sequence.
Material and methods: Ten samples of VZV DNA were subjected to the sequencing of the whole ORF4 region
following identification using the PCR method.

Results: Sequences from five samples have been successfully analyzed. All clinical strains were discovered to
possess a genome with a length of 124,884 base pairs. The sequences exhibited the occurrence of two distinct
mutations, one being a transversion and the other a transition, with the latter resulting in an alteration of the amino
acid. A phylogenetic tree was constructed using the maximum likelihood method based on the sequences of five
nucleotide sequences from clinical samples and nine reference VZV strains. The tree displayed the evolutionary
distances between these sequences. The analysis of the phylogenetic tree revealed the presence of five primary
clades, with four of them originating from India (isolates S1, S2, S4, S5), while S3 exhibited similarity to a strain
from the United Kingdom.

Keywords: Varicella; Stroke; Cerebrospinal fluids; Chicken pox
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MonekynspHasa guarHocTuka BMpyca BeTpsiHOM ocnbl
B CMUHHOMO3roBOM XUAKOCTU NaLUMEHTOB C MHCYIILTOM
n3 npoBuHunun An-Kap

Zinah Fadhil Salim"?*, Bushra Jabbar Hamad'

'Kacbenpa 6uonoruum, HayuHbin konnemx, YanesepcuteT Ju-Kap, On-Kap, 64001, Vpak;
2MuHMCTEepCTBO 30paBoOXpaHeHusi, YnpaeneHue 3apaBooxpaHenns Au-Kap, Hacupusa, Upak

Pestome

BBeneHue: Bupyc Varicella zoster (VZV) — 310 pasHOBMOHOCTb anbda-reprnecsupyca, KOTOpbIA nopaxaet
HepBHyto cuctemy. lNepBuyHoe 3apaxeHue, 06bIMHO NpPoUCXoasilee B AeTCTBE, NPUBOAMT K BETpsAHOM ocne (M3-
BECTHOW Kak BeTpsiHKa), MOCne 4Yero BUPYC NepexoauT B NIAaTEHTHOE COCTOSIHWE B FaHIMMSAX YeperHbiX HEepPBOB,
AopcanbHbIX KOPELLKOBbIX FAaHMMUSX U BereTaTuBHbIX raHrnusax no scen LIHC.
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Lienb nccnepgoBaHus: MonekynspHo-reHeTU4eCckne NCCrnefoBaHNs BUPYCOB SIBMSIHOTCSA BaXKHbIMUW A oOOHapyxe-
HWS BUPYCOB 1 paspaboTku BUPYCHbIX NpenapaTtos Ans 6opbbbl ¢ 3abonesaHnsamu. Llenb nccnegosanns — onpe-
[eneHune Bcel nocrnepoatenbHocT reHa ORF4 mMecTHbIX WwTtammoB VZV anst ounoreHeTM4eckoro aHanmsa c
Lenbto onpegeneHns N3MeHYMBOCTM BUPYCHOW NOCNEAoBaTENbLHOCTY.

MaTepuanbi n metoabi: [Jecats obpasuos OHK VZV 6binu nogseprHyThl CeKBEHMPOBaHUIO Beero y4actka ORF4
nocne naeHTudukauumn metogom MUP.

Pesynkratbl: HykneotugHble nocnegosatensHocTM VZV Obiny nony4veHbl 1 NpoaHanuanpoBaHbl Ans 5 KnNuHu-
yeckmx obpasuoB. bbino obHapyxeHo, YTO BCe KNMHMYECKUE WTammbl obnagatoT reHomom anuHon 124 884 bp.
AHanus nocnegoBaTenbHOCTEN NPOAEMOHCTPUPOBAN Hanuune 2 pasnuyHbIX MyTalmWi, OgHa U3 KOTOPbIX SIBMSIETCA
TpaHcBepcuen, a apyras — nepexogoM, NpuyeM NocrneaHas NpUBOAUT K U3MEHEHMNIO aMUHOKUCIIOTHOMO ocTaTtka.
dunoreHeTnyeckoe aepeBo BbINO NOCTPOEHO METOAOM MaKCMMasibHOro NpPaeaonogobus Ha OCHOBE HyKNeoTua-
HbIX nocregoBaTtenbHocTen n3 5 knnHudeckux obpasuos 1 9 pedepeHcHbIX WtammoB VZV. [epeBo otobpaxano
3BOMIOLMOHHbBIE PACCTOSHUS MeXAY 3TUMMU MOCnefoBaTenbHOCTAMU. AHanM3 hUnoreHeTU4YeCcKoro Aepesa noka-
3an Hanuume 5 nepBuYHbIX KNaga, 4 u3 KoTopbix npoucxogat us ugum (nsonatel S1, S2, S4, S5), a S3 aemoHcTpu-

pyeT cXoACTBO CO LUTaMMOM 13 BenukoGputaHuu.

KnroueBble cnoBa: Varicella, uHcynibm,; criuHHOMO3208as1 XUOKOCMb; 8empsiHasi ocra

Onsa umtnpoBanus: Salim Z.F., Hamad B.J. MonekynspHasa gnarHocTvka Bupyca BETPSIHOW OCNbl B
CMUHHOMO3IOBOW XWAKOCTU MaLMEHTOB C MHCYNLTOM U3 npoBuHUMK [in-Kap. Problems of Virology (Voprosy Viru-
sologii). 2024; 69(4): 341-348. DOI: https://doi.org/10.36233/0507-4088-245 EDN: https://elibrary.ru/ovtgzm

®duHaHcuMpoBaHue. ABTOPbI 3asBMsOT 06 OTCYTCTBUMU BHELLHEro (oMHAHCUPOBAHUSI MPY NPOBEAEHUN UCCIIE0BaHMS.
BnarogapHocTb. ABTOpbI Bbipa)atoT bnarogapHocTb y4ebHoMy rocnuTtanto Anb-Hacupus 3a npegoctaBneHHble

paspelieHna n nposeaeHne gaHHOro nccneaoBaHus.

KOHCbﬂI/IKT UHTepecoB. ABTOpr AEKNapupyrT OTCYTCTBUE ABHbLIX N NMOTEHLUaNbHbIX KOHCbJ'II/IKTOB NHTEepecos,

CBsI3aHHbIX C Nybnukaumein HacTosiLLen cTaTbi.

OTuyeckoe yTBepxaeHue. ViccnegosaHne NnpoBoaMnock Npu 4o6poBONbHOM MHGOPMUPOBAHHOM COrniacumn
nauueHToB. MNpoTokon uccnegoBaHus ogobpeH Atuydeckum komuteToM YHusepcuteta Au-Kap (MpoTtokon Ne 3/11/1260

ot 21.09.2023).

Introduction

Varicella-Zoster virus (VZV) is a pathogenic human
herpesvirus that causes varicella (chicken pox) as a pri-
mary infection [1]. VZV, which was latent in the cranial
nerve or dorsal root ganglia, reactivates to cause the viral
shingle. VZV can reactivate due to immunosenescence
which includes the known decrease in cell-mediated im-
munity with age [2]. It continues to be acknowledged as a
significant global public health concern that impacts indi-
viduals across several geographic regions. Typically, 10—
20% of people over 50 have experienced at least one zos-
ter episode in their entire life [3]. The neurotropic human
alpha herpesvirus VZV is endemic to every country in
the world. It creates a permanent latency in neurons after
initial infection, and periodically reactivates to cause a
range of moderate to severe illnesses [4]. Studies of ge-
netic diversity of VZV play an important role in further
understanding of the epidemiology and evolution of the
virus and may in future serve as a tool for genetic predic-
tion of virus pathogenicity or resistance development [5].

The cerebrospinal fluid (CSF) of individuals with neuro-
logical consequences from VZV infection has a high con-
centration of chemokines and an inflammatory response,
which attract immune cells and inflame central nervous
system (CNS) tissues [6]. Reactivation of the VZV has
been associated with a higher risk of stroke [7]. An infec-
tion with the VZV may result in vascular inflammatory al-
terations that raise the risk of stroke [8]. The VZV, which
is a member of the subfamily Alphaherpesvirinae family
within the Herpesviridae family, replicates and causes
illness in the arteries of the human brain [9]. When VZV
infects the cerebral arteries, it causes vasculopathy, which
can lead to stroke. VZV encephalitis usually develops fol-

342

lowing primary infection and reactivation. Vasculopathy
can also develop due to the primary infection or VZV reac-
tivation [10]. According to statistics from the World Health
Organization (WHO) in 2014, complications from VZV
infection resulted in over 4 million hospital admissions and
over 4,000 fatalities worldwide annually. The intraocular
distribution of the trigeminal nerve harbors VZV, which is
associated with a 4.5-fold higher risk of stroke [11].

Worldwide, one in five persons may encounter VZV
at some point in their lives, and around one-third of
those who do will go on to develop herpes zoster (HZ)
[12]. Commonly used techniques for diagnosing VZV
infection include advanced pathogen testing as well as
conventional medical exams. CSF testing, standard blood
testing and biochemical testing are among the common
medical procedures [13].

Materials and methods
Patients and clinical specimens

In total, 120 samples were obtained from 90 symptom-
atic patients with the age between 1 year and 70 years,
and 30 individuals were recruited as control group. The
samples were obtained from a dermatological consultant
at Al-Nasiriyah Teaching Hospital and clinical private
between September 2023 and January 2024. From each
patient, 3 mL of CSF sample was collected under sterile
conditions and put in an EDTA tube, the samples which
were stored frozen at —80 °C were left to adjust to the
room temperature after complete thawing.

The study was conducted with the informed consent of
the patients. The research protocol was approved by the
Ethics Committee of the University of Thi-Qar (Protocol
No. 3/11/1260 dated 21/9/2023).
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Nucleic Acid Extraction

A total of 60 uL of extracted material was recovered
from 120 uL of clinical specimen using the FAVORGEN-
TIWAN extraction method, following the manufacturer’s
instructions. The nucleic acid was subjected to real-time
PCR and melting curve analysis.

Real-Time PCR and Melting Curve Analysis

The gene targets as well as the primers used for
amplification are provided in table 1. Light cycler probe
design software 2.0 (Roche, Penzberg, Germany) was used
to design primers except for two for internal control. The
reaction mixture of total volume 20 uL included 3.0 uL
of isolated nucleic acid, and one Light Cycler FastStart
DNA Master SYBR Green I (Roche), 3 mM MgCl2, 0.3
M of HERV-3 primer, and each of the detection primers
(1.0 uM of primers for VZV). The reaction mixture was
first denatured for 10 min at 95 °C. After that, the PCR
was run in Light Cycler 2.0 (Roche) for 45 cycles for 5 sec
at 95 °C, 3 sec at 65 °C, and 10 sec at 72 °C [14].

Primers

The primers that were used for nucleic acid amplification
are listed in the Table 1.

DNA Sequencing

For constructing a phylogenetic tree and identifying
the subtypes of VZV-positive samples, the ORF4 region
was amplified using forward and reverse primers by PCR.
The PCR products of VZV positive samples, with each
tube labeled and containing 10 pl of forward and reverse
primer (Table 1), were shipped to Macrogen Company
in South Korea for sequencing. A phylogenetic tree was

OPUTUHAJbHbBIE NCCNEAOBAHUA

constructed using the maximum likelihood method based
on the sequences of five nucleotide sequences from
clinical samples and nine reference VZV strains.

Results

A total of 120 samples of cerebral spinal fluid were
collected for this study, with 90 samples from patients
with stroke and 30 samples from the control group. The
study found that 47 (39.17%) of the study population
were infected with VZV, with 34 (37.78%) in the
patient group and 13 (43.33%) in the control group. The
remaining 73 (60.83%) individuals were not infected
with the virus, with 56 (62.22%) in the patient group
and 17 (56.67%) in the control group. The study also
observed a significant difference in the frequency of
the virus in the study population, with a p-value of less
than 0.05, as shown in Figure 1 and 2.

Mutation Detection in VZV Sequence

When comparing the sequence of isolates of the current
study with several sequences deposited in the GenBank,
it was found that there are two types of point mutations
compared with some isolates. The first type was a transver-
sion mutation at positions 8, 11 and 57, while the second
type was a transition mutation at positions 58, 60, 61, 354
as shown in Table 2.

Phylogenetic Tree

The phylogenetic trees of the viral sequences isolated in
the current study was built according to the amino acid se-
quence matching with the sequences deposited in NCBI. The
study showed that three isolates contained genetic mutations,
while two isolates were 100% identical, as in Figures 3—7.

Fig. 1. Prevalence of VZV infection in control group.

Puc. 1. PacnpoctpaneHHocts VZV-uHpEKIMN B KOHTPOJIBHOH IpyTIIe.

Table 1. Characteristics of primer used for nucleic acid amplification

Tadauna 1. XapakTepucTuky npaiiMepoB, UCTIONb3YEMBIX Ul aMIUTM(PHUKAIMH HYKICHHOBBIX KHUCIOT

Virus Gene target Primer sequences (5'—3") Amplicon (bp) Reference
Bupyc T'en-mMumens TocnenosarensHOCTH MpaiiMepos (5'—3") AwmrumixoH (bp) Hcrounnk
vzZv Forward primer / IIpsmoii npaiimep: GCCCATGAATCACCCTC
Berpsinas ORF4 Reverse primer / OGparHbIii mpaiimep: 79 [15]
ocra ACTCGGTACGCCATTTAG
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Fig. 2. Prevalence of VZV infection in stroke patients and in control group.
Puc. 2. PactipocrpaneHHocTs VZV-nH(EKIMN y TAIUEHTOB C HHCYJIETOM U B KOHTPOJIBHOH IpyIIIe.

Table 2. Types and positions of mutations detected in VZV sequences
Tabauua 2. TUnsl ¥ NOJIOXKEHHE MyTalLlUii, BBISIBICHHBIX B IIOCJIEIOBATENBHOCTIX VZV

Isolate Substitution Type Location Nucleotide Sequence ID Source Similarity
M3onsar Tun 3ameHBI TTonoxenune Hyxneorun TTocnenoBarensHOCTH Hcrounuk Cxo1cTBO
Transversion / Tpancsepcust 11 T/G 99% India
L. Transition Hepexon 354 AIG 0Q835722.1 HAHV 99% s
Transversion / TpancBepcus 57 C/G 99% India
2. Transition / ITepexoxn 60 G/A 0Q835722.1 HAHV 99% Wunus
Transversion / Tpancsepcus 8 G/T 98% UK
3. Transition / ITepexox 58 C/T KP771921.1 HHV 98% Benm(loG -
Transition / [lepexon 61 G/A ° P
100% India
4. NONE - - 0Q835722.1 HAHV 100% Wrans
Transition / [lepexon 58 C/T 99% India
> Transition / ITepexox 61 G/A 0Q835722.1 HAHV 99% Nnpus

Fig. 3. Phylogenetic tree for the first isolate which has the level of divergence with reference sequences of 0.003.
Puc. 3. duioreneTnueckoe AepeBo s 1-ro H30JIATa, Y KOTOPOTO YPOBEHB Pas3iinyuii ¢ pedepeHCHBIMHU MocieoBaTebHocTIMu coctaBui 0,003,
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Fig. 4. Phylogenetic tree of the second isolate, which has the level of divergence with reference sequences of 0.001.

Puc. 4. dunoreHeTndeckoe AepeBo s 2-T0 H30JIATA, Y KOTOPOTO YPOBEHB Pa3iHymii ¢ pedepeHCHbIME MocienoBaTepHoCcTsIME coctaBm 0,001.

Fig. 5. Phylogenetic tree of the third isolate, which has the level of divergence with reference sequences of 0.001.
Puc. 5. ®unorenernyeckoe AepeBo A1 3-T0 U30MIATa, Y KOTOPOTO YPOBEHb Pa3iniuii ¢ pedepeHCHpIMU nocnenoBaTensHocTs MU coctaBmi 0,001.

Discussion

VZV belongs to the subfamily Alphaherpesvirinae. Ge-
netically, it is divided into several genotypes based upon
the genetic variations [16]. VZV is highly infectious, caus-
es large outbreaks of varicella in the populations, and estab-
lishes lifelong latency; the subclinical reactivation of VZV,
however, is believed to occur less frequently than the reac-
tivation of other alpha herpesviruses [17]. The results of the
current study are in agreement with study of Helmuth et al.
[18] conducted in Denmark, that detected VSV in 9 (60%)
of 15 children with arterial ischemic stroke. Also, our re-
sults are in agreement with data from Tung et al. [19] in

China, who recorded the prevalence of VZV in stroke pa-
tients as high as 12.18% per 1000 patients compared to 3.63
per 1000 person per year in controls. In addition, Schmidt
et al. [20] showed that mood disorders, including depres-
sion, were associated with increased risk of HZ in stroke
patients. However, our data differed from study of Sund-
strom et al. [21], in Switzerland, who reported 20.6% VZV
detection rate among 112 patients with stroke. Meanwhile,
this study demonstrated 6.2% prevalence in control popu-
lation, similar to data from the current study. The increased
detection rates of the virus in stroke patients may be due
to inflammatory reactions releasing inhibitory molecules
within the immune system, which are usually self-limiting
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Fig. 6. Phylogenetic tree of the fourth isolate, which had 100% identity with reference sequences.
Puc. 6. Duioreneruyeckoe aepeBo uis 4-ro n3oisira, Ha 100% HISHTHYHOTO ped)epeHCHBIM TT0CIIEIOBATEIBHOCTSM.

Fig. 7. Phylogenetic tree of the fifth isolate, isolatewhich had 100% identity with reference sequences.
Puc. 7. dunoreneruueckoe nepeBo st 5-ro uzomnsra, Ha 100% HIeHTHYHOTO pedepeHCHBIM MOCIEI0BATENEHOCTSIM.

and self-resolving. The release of pro-inflammatory cyto-
kines in the brain stimulates the expansion of the immu-
nosuppressive cell population that suppresses innate and
adaptive immune responses [22]. Paradoxically, an exces-
sive inflammatory response in the brain leads to an immu-
nosuppressive state in peripheral tissues. Therefore, stroke
patients are at risk of fatal secondary infections [23]. The
study of Liu et al. [24] identified 38 polymorphic markers
in four ORFs (ORFs 1, 21, 22, and 54) among 19 VZV
isolates from different clinical samples in China, with con-
siderable homology between 19 clinical strains. The previ-
ous study suggested that the ORF4 is necessary for virus
replication in cell culture. Furthermore, this gene is essen-
tial for the establishment of latency, but it is not necessary
for latent infection. As a result, the researchers deleted the
ORF#4 from the viral genome and were unable to produce
an infectious virus. However, when they inserted the ORF4
into a cosmid at a nonnative site, they obtained virus. The
results of the current study are consistent with the previous
study by Sato et al. [25], who observed 13 positive samples
in the control group and 34 in stroke patients, and suggest-
ed that ORF4 was required for replication and latency, but
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not not required to induce acute infection. Recent studies
in animal experiments have demonstrated based on the
data from transcriptional analyzes of the ICP27 protein
expressed by ORF4, that neither HSV infection nor glob-
al ICP27 overexpression inhibits splicing [26], but rather
modulates alternative splicing of a subset of cells [27].
HSV virus causes host-induced shutdown, and another
study suggested that exposure of the virus to deletion and
substitution mutations in the ORF4 proteins may enable
the virus to activate the binding mechanism and cause a
latency state in the infected cell [28]. The ability of alpha
herpesviruses to persist in sensory ganglia, their short re-
productive cycle, their rapid dissemination, and their abil-
ity to eliminate infected cells effectively are four of their
defining characteristics. VZV replication occurs primari-
ly in cells of human and simian origin. The VZV genome
has 73 genes, of which 70 are unique and three are du-
plicated [29]. The viral genome consists of two primary
coding regions: unique long (UL) and unique short (US),
as well as flanking inverted repeats known as terminal and
internal repeats long (TRL, IRL) and short (TRS, IRS).
When the VZV sequences from present study were
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compared to sequences deposited in the GenBank, two
types of point mutations were discovered. The first
type was a transversion mutation at positions 8, 11
and 57, while the second type was a transition mutation at
positions 58, 60, 61, and 354, as shown in Table 2, which
represents the matching of the nucleotide sequences of
the isolates in this study with the isolates in the database.
In the isolate 1, the present study found a transversion
mutation at position 11, where the purine base G was re-
placed with the pyrimidine base T, and other type found
a mutation of the transition type at position 354, where
the purine base A was replaced with the purine base G,
and the strain was identical to the strain found in India. In
isolate 2, the present study found a transversion mutation
at position 57, where the pyrimidine base C was replaced
with the purine base G, and other type found a mutation
of the transition type at position 60, where the purine base
G was replaced with the purine base A, and the strain was
identical to the strain found in India. The current study
identified three mutations in isolate 3 that corresponded
to a strain of VZV found in the UK. A transversion mu-
tation was observed at position 8, where the purine base
G was replaced with the pyrimidine base T. Two transi-
tion mutations occurred at positions 58 and 61. The first
involved the replacement of the pyrimidine base C with
the pyrimidine base T, while the second involved the sub-
stitution of the purine base G with A. The fourth isolate,
labeled as 4, did not exhibit any mutations and was found
to be genetically identical to the Indian strain. In iso-
late 5, two mutations occurred - the same type transition
in position 58 where the pyrimidine base C was replaced
with the pyrimidine base T and at position 61 when the
purine base G took place A, the strain matched with Indi-
an strain. In Basrah city a comprehensive genome study
revealed a resemblance to the E genotype seen in nations
with a history of European colonization. The same study
found the sequences contained a variety of mutations or
SNPs, some of which were silent, and others produced
amino acid changes [5]. VZV genotype B was detected
in an isolated strain in Najaf province. No significant cor-
relation was found between VZV genotype and life ex-
pectancy [30]. The present study demonstrated that near-
ly 40% of people in Thi-Qar province have been infected
with VZV gene type of ORF4 in all age groups, also in
fact, this gene was not actually linked to stoke infections.
The emergence of the two strains in the region may be
due to the frequent movement between countries in terms
of travel and trade, especially since the virus is transmit-
ted quickly through the respiratory tract between sick and
healthy people.

Conclusions

The study found that about 40 percent of people in Thi-
Qar had a previous infection with VZV. No significant
association was observed between the occurrence of a
stroke and the presence of the studied ORF4 gene of VZV
in affected patients. Furthermore, two strains that were
identified in the study belonged to a European clade and an
Asian clade, respectively. In addition, two types of mutations,
transversion and transition, occur in the viral gene ORF4.
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Pa3paboTka, usy4yeHme u cpaBHeHMe Moferiem nepekpecTHOro
WMMYHUTETa K BUpYCY rpurnna ¢ npuMeHeHnemM CTaTUCTUYECKUX
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Pestome

BBepeHue. BcemupHas opraHnsaums 30paBOOXpaHEHUs B KAYECTBE OLHOIO M3 BaXXHEMNLLUX KPUTEPUEB OLEHKM
ycneLHo NpoBOAMMON BaKUMHaLUM U CNOcoBHOCTM NpefoTBpallath 3aboneBaHne y HaceneHns paccmaTpusaeT
3Ha4YeHNs TUTPOB aHTUTEN B peakuuyn TOPMOXKEHUSI remarrnioTuHauum. MatemaTnyeckoe MogenupoBaHme nepe-
KPeCTHOro UMMYHWUTETa NMO3BOJSIET ONEPATUBHO BbISIBMSITb HOBblE aHTUrEHHbIe BapuaHTbl, YTO UMEET NnepBocTe-
NeHHOe 3Ha4YeHve Ans aNMAeMMONorM4eckoro Hag3opa u 30opoBbs YeroBeka.

Martepuanbl u Mmetoabl. B HacTosilel paboTe NpMMeHeHbl CTaTUCTUYECKME METOAbI U TEXHUKU MaLLUUHHOTO 06-
YYEHUS OT NMPOCTOrO K CIIOXKHOMY — PErpeccuoHHas NorMcTuyeckas Mogenb, METOA Cry4alHOro neca v rpagueHT-
HbI ByCcTUHN. B pacuyetax, napannenbHo AucTaHumMm XeMMUHra, Takke ncnonb3osany matpuusl AAindex. Beluunc-
NieHNs NPOBOAWMMN C Pa3HbIMM TUNAMWU U BENMYMHAMM NOPOrOB aHTUIEHHOTO YCKOMb3aHus, Ha YeTbipex Habopax
OaHHbIX (BpeMeHHbIX nepuogax). Pesynbsratel cpaBHUBaNM Mo NPUHATLIM MeTprkam BuHapHoW knaccudukaumm.
Pesynbrathl. MNokasaHa cyulecTBeHHas guddepeHumaumsa B 3aBUCMMOCTM OT NPUMEHSAEMbIX HaOOPOB AaHHbIX.
Jlydwme pesynbraTthl NPOAEMOHCTPUPOBANM BCE TPU MOAENN Ha MPOrHO3HbIN OCEeHHMI ce3oH 2022 r., npeaBa-
puTenbHO 00yyYeHHble Ha deBpanbCKoM ce3oHe aToro xe roga (AUROC 0,934; 0,958; 0,956 cOOTBETCTBEHHO).
HanmeHbluve pesyneraTthbl 6binv NonyyYeHbl Ha BeCb NPOrHO3HbIN 2023 I., HACTPOEHHbIE Ha AaHHbIX ABYX CE30HOB
2022 r. (AUCROC 0,614; 0,658; 0,775 cootBeTCTBEHHO). NPy 3TOM 3aBUCUMOCTbL PE3YNLTATOB OT NPUMEHSEMbIX
TUMOB MOPOrOB M WX BENWYMH OKasanacb HeaHauuTenbHoW. [ononHutensHoe npumeHeHne matpuy AAindex He
yNyYWnno CyLEeCTBEHHO pe3ynbTaTbl Mogernem, HO B TO K& BPeMS He BHECIIO 3HaYUMbIX YXYALEHWUN.
3aknoyeHue. bonee cnoxHble MoAeny NokasbiBaloT Nyywnin peaynestart. [Mpu paspaboTke Modenen nepekpecTt-
HOro UMMYyHUWTETa, ANns y6eauTenbHOro yTBepxaeHns o6 nx NPOrHOCTUYECKOW YCTOMYMBOCTU BaXXHO NPOBOAUTH
TECTUPOBaHWeE Ha pa3Hbix Habopax AaHHbIX.

KnroueBble cnoBa: supyc epunna A; nodmurn H3N2; mumpsl aHmumen 8 PTIA; nepekpecmHbil uMmMyHUMem;
aHmueeHHoe paccmosiHue;, aHmueaeHHbIl calm; ducmaHyusi Xemmu+ea; 6a3bl AAindex; no-
aucmuyeckas peepeccusi; Memod crly4yaliHo20 fieca; epadueHmHbIU 6ycmuHe; 3nudemuosno-
euyeckasi MoOerb;, UMMYHHbIU naHOwagm, 8aKUUHHbIU wmamm; Memodb! MawuHHo20 06-
yyeHusi
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®duHaHcMpoBaHue. ABTOPbI 3a8BMSAT 06 OTCYTCTBMU BHELLHEro (oMHaHCMPOBAaHUS NP NPOBEAEHUN UCCIIeN0BaHuS.
BnarogapHocTu. Beipaxaem nckpeHHioto bnarogapHocTb coTpyaHukam LienTpa um. H.®. Mlamaneu, rmaBHomMy Hay4yHOMY
cotpyaHuky ®./. EplioBy, pykoBoguTento otaena akonoruu BupycoB WHcTtutyta Bupyconorum um. O.U. MiBaHoBckoro
E.N. BypueBoii, pykooguTento nabopatopum MonekynsipHoi 6uotexHonorun M.M. LLimapoBy, BegyLiemMy Hay4HOMY CO-
TPYAHVKY nabopaTtopuun cousmonormumn Bupycos MiHcTuTyTa Bupyconorum um. [.W. MiBaHosckoro U.A. PyaHeBol 3a MHOro-
YuCreHHble KOHCYMbTaLMW B NpoLecce BbINONHEHNs paboThbl.

KoHdnukT nHTepecoB. ABTOPbI AEKNAPUPYIOT OTCYTCTBME SBHbIX U NMOTEHUMarnbHbIX KOH(MMMKTOB MHTEPECOB, CBA3aAH-
HbIX C NyBnuKkauveln HacTosLLen cTaTbu.
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Abstract

Introduction. The World Health Organization considers the values of antibody titers in the hemagglutination
inhibition assay as one of the most important criteria for assessing successful vaccination. Mathematical modeling
of cross-immunity allows for identification on a real-time basis of new antigenic variants, which is of paramount
importance for human health.

Materials and methods. This study uses statistical methods and machine learning techniques from simple to
complex: logistic regression model, random forest method, and gradient boosting. The calculations used the
AAindex matrices in parallel to the Hamming distance. The calculations were carried out with different types
and values of antigenic escape thresholds, on four data sets. The results were compared using common binary
classification metrics.

Results. Significant differentiation is shown depending on the data sets used. The best results were demonstrated
by all three models for the forecast autumn season of 2022, which were preliminary trained on the February season
of the same year (Auroc 0.934; 0.958; 0.956, respectively). The lowest results were obtained for the entire forecast
year 2023, they were set up on data from two seasons of 2022 (Aucroc 0.614; 0.658; 0.775). The dependence of
the results on the types of thresholds used and their values turned out to be insignificant. The additional use of
AAindex matrices did not significantly improve the results of the models without introducing significant deterioration.
Conclusion. More complex models show better results. When developing cross-immunity models, testing on a
variety of data sets is important to make strong claims about their prognostic robustness.

Keywords: influenza A virus; subtype H3N2; antibody titers in HIA; cross immunity; antigenic distance; antigen-
ic site; Hamming distance; AAindex databases; logistic regression; random forest method; gradient
boosting; epidemiological model;, immune landscape; vaccine strain, machine learning methods.
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Beenenne MYTaHTHbIC BapHaHThI, M30Erarollyie 3allUuTHOrO IeH-

OO01en3BecTHO, YTO BHPYC TpHITAa A, OTHOCSIIAKCS  CTBUS AHTHUTEN, KOTOPHIE BEIPAOATHIBAIOTCS KaK B PE3YIIb-

K cemeiictBy Orthomyxoviridae [1], o0nagaer BBICOKOH  TaTe MEPEHECEHHOTo 3a00JI€BaHMsI, TaK M BAKIHMHALIMU.
MYTallMOHHON HM3MEHYMBOCTHIO, B CBS3HM C YeM B IUp-  MyTaHTHbIE (OPMBI BUpyCa, HECYIIHE ONpe/IeIEHHbIE 3a-
KyTUPYIOIUX IMTaMMax (TIOMyJSIAKM) TPUCYTCTBYIOT — MEHBI M IPUBOJISIINE K KOH(POPMAMOHHBIM U3MEHEHUSIM
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MIOBEPXHOCTHOTO O€JIKa, CIIOCOOHBI BBI3BIBATH 3aTpyAHE-
HUS BO B3aUMOJACHCTBUU aHTUTE€HHBIX CAaUTOB C HEHUTpa-
TU3YIOMUMHU aHTUTEIAMH, YTO SIBISETCS BAKHBIM TIPU
BHIOOpPE M OIEHKE IITAMMOB JIJIsl CO3/IaHHS BaKI[HH.

Bcemupnas opranmsanus 3npaBooxpaneHus (BO3)
B Ka4eCTBE OJHOTO W3 BAKHEUIINX KPUTCPUEB OIICH-
KM YCIIEIIHO MPOBOJMMOM BaKIMHAIIMUA U CHOCOOHOCTH
IIpeoTBpaIaTh 3a00JIeBaHUE y HACENEHUs paccMarpH-
BaeT 3HAYCHUS TUTPOB aHTUTEN B PEAKIIUH TOPMOKCHUS
remarcirotuHanun (PTTA)!. Bmecte ¢ Tem jaboparop-
HO-DKCTIEPUMEHTAJIbHBIE  WCCIEAOBAaHHUSA  JOCTAaTOYHO
3aTpaTHbBl MO0 BPEMEHH U TPyAOEeMKH. Maremarudeckoe
MOJICJINPOBAaHUE MEPEKPECTHOIO UMMYHHUTETa MO3BOJIS-
€T OTEPATUBHO BEISBIIATH HOBBIC aHTUTCHHEBIC BAPUAHTEI,
YTO UMEET IEPBOCTEIIEHHOE 3HAUYECHHUE IS AU IEMHUOIIO-
TUYECKOTO HaJ[30pa U 3I0pOBbs ueoBeka [2, 3].

[TepcrieKTUBHEIM HAIIPABICHUEM SBIISIETCS MOACITHPO-
BaHHE PACHpPOCTPAaHEHUS BHpyca TpUINa Ha OONBIINX
BpPEMEHHBIX MHTEpBallaX, C y4eToM (aKTOpOB CE30HHO-
CTH W MyTaIui, Ui peKOMEHIAINA BaKIIMHHOTO IITaM-
Ma Ha npezacrosamuii ce3oH. Komtekrusom HULIOM nm.
H.®. I'amanen B 2020 r. 6pl1a pa3paboTaHa U YCICIIHO
3aperucTpUpPOBaHa KOMIIbIOTepHAas mporpamma Influenza
IDE (anmaemuonornueckas MyJIbTHIITAMMOBAsS MOZCTH
(BMM)) ¢ MozenbI0 IEPeKPecTHOT0 HIMMYHHUTETA H TI0-
CTOSTHHO OOHOBJISIONIEHCsT 023011 JaHHBIX pa3HBIX BHIOB
n noxTumos Bupyca rpumnmna Influenza DB [4]. OMM
HCHOJb3YET MONYISLUOHHYIO (areHTHYIO) MOAETb IS
AMUTAIIH PaCcIPOCTPaHEHUS BUpyca TPHIIIA CPEIN Ha-
CEJICHHUS, a TaKXKe BJIOKEHHBIE MOJAETH (TIEPEKPECTHOTO
MMMYHHTETa 1 IMMYHHOTO OTBeTa) AJsi (popMUpOBaHUS
AMMYHHOTO JIaHmadra (KOJHMYECTBEHHOTO pacrpeie-
JICHHWsI aHTUTEHHBIX BapHaHTOB C BHEIPaOOTAaHHBIMU Ha
HUX aHTUTEJIaMU CpEeIu HacelleHUs K paccMaTpHBacMo-
My MOMEHTY BPEMEHHU B COOTBETCTBUHU C MHIMBUIYaTb-
HBIMH UCTOPHSIMH 0OJIe3HEl areHToB (MHINBUAYYMOB)),
HEMOCPEICTBEHHO BIMIOIIETO Ha CKOPOCTh U CTENECHb
pactpoCTpaHEHUs OTMENBHBIX IITAMMOB BHPYCa TPHIIIA
CpeAM HaceleHMsd, U Ha ero ()oHe pPeKOMEHIyeT Hanbo-
nee 3QEeKTUBHBIA BaKIMHHBIA ITaMM. KommbrotepHas
IIporpaMMa CIIpOCKTHPOBAHA C BO3MOKHOCTBIO HHTETPH-
POBaHUSI MHOTOYHCICHHBIX MOZeIei IePEKPECTHOTO UM-
MyHHTeTa [5]. B pamkax wccienoBaHuii mo Moauduka-
MU KOMITBIOTEPHOH TPOTpaMMbl KOJUIEKTHBOM aBTOPOB
MIPOBOIATCS Pa3pabOTKU MOAETIEH MEePEeKPECTHOTO UMMY-
HUTEeTa Ha nmpuMepe Bupyca rpunmna A(H3N2) ¢ ucnomns-
30BaHHUEM MAaTEMATHICCKUX METOIOB.

Leap ucciaenoBanus — pazpaboTka, U3yU4eHUE U CPaB-
HEHHE Mojieiel MepeKpeCTHOr0 UMMYHUTETA C IPUMEHe-
HHEM CTaTHCTUICCKUX METOIOB U MAIIIMHHOTO O0YYEHUSI.

MaTepna.m,l U METOAbI

Onucanue 0anHbIX

Jist pa3paboTKH MOJIeTieil U pacyeToB UCIIOIb30BAaJICS
MaccuB naHHbIX Influenza DB ¢ undopmarnmeii u3:

OPUTUHAJbHbBIE NCCNEAOBAHUA

— onyOJIMKOBaHHBIX €Kece30HHBIX JaHHbIX BO3 1o pe-
3yJlBTaTaM TeCTUPOBaHuUs ChIBOPOTOK B PTT'A (Beck mac-
cuB gaHHbIX ¢ 2014-2023 rr: Kak pedepeHCHBIX, TaKk
Y TECTOBBIX IITaMMOB Bupyca rpurma A(H3N2));

— mardopmel GISAID (Global Initiative on Sharing
All Influenza Data) (mocieqoBaTenbHOCTH U COIPOBOIH-
TeNnbHas HHPOPMAITHs).

ITocne ouncTku u cormacoBanust gaHHBIX 3 GISAID
C MOCJEYIOIUM BEIpaBHUBAaHUEM Ha peepeHCHYIO MO-
CJIEZIOBATENbHOCTh U 00bEMHEHNEM B aHTUTEHHBIE Caii-
TBI, COTJIACHO IIPEJIOKEHHOMY COOCTBEHHOMY JIEKaly,
(hopMHpOBaJIN MaTPUILy AUCTAHLUI XEeMMHHTa IS KaxkK-
JIOTO U3 6 aHTUTE€HHBIX CAalTOB (C MPUCBOCHUEM KaxKIOU
MOCJICAOBATEIFHOCTH YHUKAILHOTO UACHTU(DUKATOPA).

B mpempiaymux BRMHCIEHUSX [5] ¢ HOMOIIBIO Ha-
CTPOWKH ¥ TIPOTHO3a Ha OoJiee MO3THHUE JTaHHbBIE MBI MO-
KazajJH, YTO Ha TOYHOCTb PE3YJBTAaTOB OKAa3bIBAIOT CY-
IIIECTBEHHOE BIHSHHE O00BEM M KadeCTBO MPOBOAUMBIX
uccienoanuii PTTA. [lng pa3paboTku Momened mepe-
KPECTHOTO MMMYHHTETa OBIJIO BEIOPAHO MMOJMHOMKECTBO
¢ HambompmmM KommyecTBoM (36 509) HabmomeHuit
Cell-Cell (¢ maccaxHOW UCTOPHEH B KyIBType KICTOK).
VY4auThIBas NPUHIMIHAILHOE YBEIWYEHHE HAOIIONCHUI
B 2022 1 2023 rT., MBI IPUHSIIN PEIIEHHE B KaUeCTBE PO-
THO3HBIX TIEPUOAOB BBHIOpPATh 3TH CE30HBI. A B Ka4ecTBe
PETPOCIIEKTUBHBIX HACTPAaWBaEMbIX MEPHUOAOB — IIPOMeE-
KyTku ¢ 2014 mo 2021 1, Taxoke 2022 1 2023 TT. COOTBET-
CTBEHHO (Ta0J1. 1).

B npeniecTByromux pacyerax B KauecTBE 3HAYCHUMI
IUCTAaHIMKA XE€MMUHTA HCIIONB30BAIH IIETbIe YHCIIOBBIC
3HAYEHUSI B COOTBETCTBUU C KOJIMYECTBOM aMHUHOKHC-
JOTHBIX 3aMeH (Hampumep, 0, 1, 2, 3 ... 8). Jlna Gomnee
YyBCTBUTEIHHOTO aHAIN3a, OLICHKH BKJIaAa KaXI0H aMu-
HOKHCJIOTBI U CPAaBHEHHUS B HACTOSILIEM HCCIEIOBAHUU
npuMeHsuT MaTpuipl AAindex. Oto 0a3a JaHHBIX YHC-
JIOBBIX TOKAa3aTeNel, OTPaKalomuX pa3Hble (PU3UKO-XH-
MHUYECKHe W OHMOXMMHYECKHUE CBOWCTBA aMHHOKHCIOT
¥ aMHHOKHUCIIOTHBIX Tap. TeM caMbIM MapaiiensHo 3a-
MEHSUTH 3HAYCHHE NUCTAHINK XEMMHHTa Ha MPUCYIIEe
YHCJIOBOE 3HAYeHWE KOHKPETHOW (PHU3HKO-XUMHUYECKOH
XapaKTEPUCTUKH.

baza manHpix AAindex cocToUT W3 Tpex pasleioB
U BBIIYCKACTCSl €XKEroJHO. MaTrpHlbl MpeacTaBICHbI
B BHUJIC INIOCKUX (aitmoB: AAindex1 mis WHACKCOB aMu-
HOKHCIOT, AAindex2 a1 MaTpul] aMHHOKUCIIOTHBIX 3a-
MeH U AAindex3 11 MOTEHIMAIOB KOHTAKTa AaMHUHOKHC-
70T. B HacrosIee BpeMsl MCCIIENOBATENSIMH IIPOAOIIKA-
eTcst cOOp M MOMOTHEeHHe 0a3bl JaHHBIX C pacUIMPeHHEM
KoJuIeKImn> [6].

Onpeodenenue aHmMu2eHH020 pacCmMOAHUA U 8b1OOD
nopozoe

OOMIENPUHATEIM «30JI0THIM CTaHIIAPTOMY JUIS OLEHKH
MPUCYTCTBUSI U ONPENEICHNS KOHLIEHTPALUU BUPYCHEN-
TPaJU3YIOLIMX aHTUTEN B UCCIIEyEMBIX 00pa3Iax ChbIBO-
POTKU SIBISETCS peaklus TOPMOXKEHMsI T'eMarTIIOTHHA-

'WHO. World Health Organization. Available at: https://www.who.
int/initiatives/global-influenza-surveillance-and-response-system
(accessed June 24, 2024).

DBGET/LinkDB B GenomeNet
bin/www_bfind?aaindex;
aaindex/).

(http://www.genome.jp/dbget-
ftp://ftp.genome.jp/pub/ db/community/
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ORIGINAL RESEARCHES

Tadmuua 1. XapakTepucTHKa JaHHBIX
Table 1. Data characteristics

O6yuenue mozenn / Model training

Tecrupoanue Mozenu / Model testing

TIEpuoa YHCJIO IMap mraMMOB TUTP TIEpuoa YHCJIO IMap mraMMOB TUTP

period number of strain pairs titer period number of strain pairs titer
2014-2021 10 272 160 [40; 320] 2022 8183 80 [40; 320]
2022 8183 80 [40; 320] 2023 6143 160 [80; 320]
2023 2518 80 [40; 320] 2023 3689 160 [80; 320]
(des.) / (feb.) (cen.) / (sep.)
2022 1994 160 [40; 320] 2022 6675 80 [40; 320]
(des.) / (feb.) (cen.) / (sep.)

uuu (PTIA). ITo cytu, B PTTA onlennBaeTcst ypoBeHb Iie-
PEKpPECTHOr0 UMMYHHUTETa IPOTHB BUpyca rpunmna [7-9].

B 3HaunTensHOM YHciie paboT 1Mo M3y4eHUI0 aHTHUTEH-
HBIX Pa3NUYMil MEXIy IITaMMaMH (QHTUT€HHOTO pac-
CTOSIHUSI) B KaUeCTBE MEPHI IIEPEKPECTHOIO UMMYHHTETA
py MHQUITUPOBAHUH W/WITN IS U3ydeHHUs 3P PEKTUBHO-
CTH BaKI[MH HCIIONIB3YIOT KaK CaMH 3HaYEeHUS TUTPOB, TaK
Y pa3iIn4HbIe BeIpakeHHs oT TUTpoB PTT'A nium norapud-
MBI OT 3TuX BeIpaxkenuil: Rij = cij / cii [10]; log2(Rij)
[11-13]. Ilpu 3TOM omnpeneneHHbIe 3HaUeHHsI YKa3aHHbIX
TUTPOB U BBIPAKCHUI MOTYT CBUIETEILCTBOBATh O HAJIU-
YUH WM OTCYTCTBHH 3aIUTHI MPOTHB MH(PHUIIUPOBAHUS
KOHKPETHBIM IITaMMOM BHpyca rpunma. B atom ciydae
MepexXoJHOE 3HaYCHUE HA3bIBAIOT IOPOr'OM aHTUTCHHOTO
YCKONb3aHMs. 3HAYCHNsI BEPOSATHOCTHBIX OPOTOB aHTH-
TeHHOT'O yCKOJIb3aHMs, BHIPAXKEHHBIX B TUTPaX, OCHOBBI-
BasCh Ha JAQHHBIX HAyYHOH JHTEpaTyphl, U1 TEKyLleH
paboTs! onpenemy kak 1 : 40 u 1 : 80 [14, 15].

Kpome Toro, 001en3BeCTHO, 4TO Ha pPe3yIbTaThl CyIlie-
CTBEHHO BIMSIOT MHAUBUIYyalbHbIE 0COOEHHOCTH J1abo-
PaTOpHBIX KUBOTHBIX. UTOOBI YMEHBIIUTD BIUSIHUE 3THX
(akTOpOB, B Ka4eCTBE MMOPOTa AaHTUTCHHOTO YCKOJIb3aHHS
NPUHUMAETCS] HE CaMO 3Ha4eHHe TUTPA, a COOTHOIICHHE
TUTpPa pacCMaTpUBAEMOW peaKkIWH, HOPMHUPOBAHHOE Ha
€ro MakCMMaJbHOE Pa3BEACHUE ATl JaHHON CBIBOPOTKHU.
B Hactosimelt pabore ObUIO PEIIEHO MPOBECTH PacyeThl
JUTS BCETO MacCHBa TECTOBBIX IITAMMOB H B3ATh B Kade-
CTBE TIOPOTOB AHTUTE€HHOTO YCKOJIb3aHHUSI COOTHOIIEHHE
MaKCHUMaJbHOTO 3HaYEHHs TUTPA B IPOBEICHHOM 3KCIIe-
pPUMEHTe 1 3HaYeHHe TUTPa TecToBoro mramma (ref max/
titer) Gombire 4; u 6onbiIe wiu paBuo 4 [12, 13, 16-19].

Takum oOpasoM, U OajdbHEHIIMX pacyeToB OBLIN
MIPUMEHEHBI TTOPOTH aHTUTEHHOTO YCKONb3aHWS, BBIpa-
*KeHHbIe B TUTpax (pazsexeHus 1 : 40; 1 : 80), u Hopmu-
poBannsble (ref max/titer > 4; ref max/titer > 4).

Moodenu nepexpecmnozo ummynumema

Ji1st BEIOpaHHOM LIeJ M U TSl PEeLICHHs 3a/1a4 OMHAPHOM
KJIacCU(pUKAIK (aHTUTEHHOTO YCKOJIB3aHHS) paccMa-
TPUBAIH CTATUCTUICCKUE METOABI M TEXHUKH MAIIUHHO-
ro oOyd4eHHsI: OT MPOCTOrO K CIOKHOMY, TaKUe KakK pe-
FPECCUOHHASI JIOTUCTUYECKAsl MOZIEIIb, METO/I CIIy4aitHOTO
neca (random forest) v TpaAMeHTHbIN OycTHHT (gradient
boosting).

JlorucTuueckasi perpeccusi (logistic regression) —
THUI CTAaTUCTHYECKOTO MOICIUPOBAHUS, KOTOPHIA MO3BO-
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JsIeT KOJMMYECTBEHHO CBS3aTh OIHY WJIM HECKOJIBKO He-
3aBUCHMBIX IIE€PEMEHHBIX (TIPEAMKTOPOB) ¢ OWHAPHBIM
MIPU3HAKOM Yepe3 olpeieeHie OTHOIIEHHS [IIaHCOB BO3-
MOXKHBIX Bicxo0B [20].

Metoa cayuaiinoro Jjeca (random forest) — anro-
PUTM MAaIIMHHOTO OOYyYeHHs, 3aKITIOYAIONIHiACA B HC-
MIOJIb30BAaHMM aHCaMONs JepeBheB perieHui. [lepeBbs
peleHni — HeapaMeTpUIECKU alrOpUTM, UCIIONb3ye-
MBIH TSI petIeHuns 3a1ad KiIacCu(UKAIMA ¥ PErPECCHH.
Anroput™m paboTaeT Mo NPHHILUILY JPEBOBUIHON CTPYK-
TYpBl, € KaXIbli BHYTPEHHUN y3€ll IpPEeNCTaBIsAET CO-
00i1 IpoBepKy 3HAYEHHSI HEKOTOPOTO aTpuOyTa, Kaxaas
BETBb — PE3YIbTAT 3TOU NPOBEPKH, & KaKJbIi JINCTOBOI
y3€ll — METKY KJlacca WM 4HcIoBoe 3HadeHue. [1pu kimac-
cUGUKAITIN METOZOM CIYYaiHBIX JCpEeBHEB OOBEKT OT-
HOCHTCS K KJIacCy, KOTOPBI BBIOpano OOJBIIMHCTBO Je-
PEBBEB PEILCHUM, BXOASIINX B aHCAMOIIB’.

I'panuentHbiii OycTunr (gradient boosting) — tex-
HUKa MaIIMHHOTO OOYYeHUs, KOTOpas UCIIONb3yeTCsl AT
3aga4 kinaccudukauuu u perpeccud. OcHOBHas wuzaes
TpaZAneHTHOTO OyCTHHTA 3aKIJIF0YAETCs B IOCTPOSHHUH aH-
camOnsg crmaObIx Mofeniel, 0ObIYHO ePEBbEB NMPHHATHUS
pELICHUH, TakuM 00pa3oM, YTO KaxIas IOCIeAyIomast
MOJIETTb KOPPEKTHPYET OIIUOKH, JOMYIIeHHBIE TPEIbITy-
mmu MojersiMu [21]. B pamkax HacTosIei paboTsl st
peanu3alnuy rpaiueHTHOro OycTHHTra Obla HCIOJIB30Ba-
Ha 6ubmmoteka CatBoost*.

Jns mpenBaputenbHO 00pabGOTKM JaHHBIX, OMHCA-
TEJIBHOM CTaTUCTUKH, OOY4YEHHS U OLICHKH KaueCTBa MO-
Jierieil Mcronb30Bail OMOIMOTEKN A3bIKa POTPaMMHpPO-
BaHus Python:

— pandasql 0.7.3 — npenBapurenabHas 00paboTKa IaH-
HBIX;

— pandas 2.0.3 — omucarenpHas CTaTUCTHKA, OpopmIIe-
HHE PEe3yJbTaToB;

— sklearn 1.2.2 — jorucTmdeckas perpeccus, MeTo[
CILy4ailfHOTO JieCa, OLICHKA Ka4eCTBAa MOJEIIEH;

—matplotlib 3.7.1 — rpaduxmu.

AHaim3 cTaOMIIBHOCTH MPOTHOCTHYECKOH CIIO0COOHO-
CTH MojieNel NepeKpecTHOr0 MMMYHHUTETa MPOBOIMIN
Ha OCHOBE PETPOCIEKTUBHBIX JaHHBIX C HAaUOOIBIIUM

SIBM. Available at: https://www.ibm.com/topics/random-forest
‘Catboost. Available at: https:/catboost.ai/en/docs/ (accessed
June 24, 2024).
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YHCIIOM HaOMIOIEHHH C TIOCIIEAYOIIMM MPOrHO30M. B Ka-
YECTBE MEpPHI aJIEKBaTHOCTH (Ka4eCTBa M TOYHOCTH IIPO-
THO3a) MOJENel W CPaBHEHHUS PA3IMYHBIX AITOPHUTMOB
UCIIONTb30BAJIM MTPUHSATHIE B 337]a4aX MAIIMHHOTO 00yde-
HUSI METPUKH KadecTBa (TIOKa3aTeNd, KOTOPHIE 3aBUCAT
OT PEe3yJbTaTOB KIACCHU(HUKAIIMA U HE 3aBHUCAT OT BHY-
TPEHHETO COCTOSHUSI MOZIEIIH):

— Accuracy (TOYHOCTB) — JIOTIST BOCIIPOU3BOAMMOCTH
MIPaBMJIBHBIX PE3yJIbTaTOB MOJIEIH;

— Sensitivity (4yBcTBUTENBbHOCTB) (TIOJTHOTA) WM JI0-
71 ICTUHHO TIOJIOKUTENBHEBIX Pe3yabTaToB (true positive
rate, TPR), ompenensercs kak YUCIO UCTUHHO MOJOXKH-
TEJBHBIX KiIacCU(UKAIMK OTHOCUTEIBHO OOIIEero Yucia
TTOJIOXKUTEILHBIX HAOFOICHHUIA;

— Specificity (cmeunduanocTs) — HONA UCTUHHO OT-
pUIaTeIbHBIX pe3yasTaTtoB (true negative rate, TNR),
OTIpeIeNIeTCsI KaK YHCI0 HCTHHHO OTPHIIATENILHBIX KITac-
cudukanuii B 0011eM Yuciie OTpHLIATEeIbHbBIX KiIacCU(U-
Kaluii;

— MCC (o3} dunment xoppemsun MaThioca) — cOa-
JaHCUpPOBaHHAas Mepa 3((HEKTUBHOCTH, KOTOPYIO MOXKHO
UCIIONIb30BATh, AK€ €CJIM OUH KIIACC COIEPIKUT ropas-
1o GoibIe BEIOOPOK, YeM Apyroi. Jlmamna3oH 3HaUueHUI:
or —1 mo +1;

— F1 (F-mepa, win F-score) — cOanancupoBaHHas Me-
TpHKa, 00BenuHstomas B ce0e MHPOPMAITUIO O TOYHOCTH
(precision) ¥ YyBCTBUTEIBHOCTHU (IIOTHOTE) C HCIIONIB30-
BaHMEM WX CpPEIHETr0 TapMOHHYECKOro 3HaueHHs. Mak-
cumuzanus F1 gocturaercs npu o1HOBPEMEHHOM PaBEH-
CTBE €IMHUIIE TIOJTHOTHI U TOYHOCTH ©,

Taxke wucnonp3oBan ROC-ananm3 kak HauOomee
O0OBCTMHEHHBIN TI0Ka3aTeNb aJeKBAaTHOCTH MOJCIH.
ROC-kpuBasg mnoKa3bIBaeT 3aBUCHUMOCTb YHCJIAa Bep-
HO KJIacCU(UIMPOBAHHBIX MOJIOKUTEIBHBIX MPUMEPOB
OT KOJMYECTBa HEBEPHO KIACCHU(PHUIIMPOBAHHBIX OTPH-
LaTeNbHBIX NpUMEpoB. KonmndyecTBEHHYIO WHTEpIIpeTa-
o ROC-ananm3a maet mokasatens AUC (Area Under
Curve, mnomans mog ROC-kpuBoii). UeM BeIe moka-
3arenb AUROC, TeM kauecTBeHHEE KIACCH(PHUKATOP.
OOBIYHO TIpUMeEHSIeTCsl CIEYIoNIas rpafanus: OTIINYHO
(0,9-1,0); ouens xopormo (0,8-0,9); xopomo (0,7-0,8);
cpemue (0,6-0,7); neynomersopurensHo (0,5-0,6)"8.

HccnenoBanust MpOBOMWIIM COMNIACHO AM3aliHY, Tpel-
CTaBJIICHHOMY Ha pHuC. 1.

*Top 10 Machine Learning Evaluation Metrics for Classification —
Implemented In R. 2022. Available at: https://www.appsilon.com/
post/machine-learning-evaluation-metrics-classification  (accessed
June 24, 2024).

°F1 Score in Machine Learning: Intro & Calculation. 2022. Available at:
https://www.v7labs.com/blog/f1-score-guide (accessed June 24, 2024).
"MeTpuki ~ KadecTBa ~ Mojeiedl  OuHapHOW  Kiaccuduka-
mua.  2023. Available at:  https:/loginom.ru/blog/classification-
quality (accessed June 24, 2024).

S01eHKa pe3y/bTaToB OJKCIEPUMEHTOB C aBTOMATH3HPOBAHHBIM
MaluMHHBIM oOyuenueM. Microsoft Learn. 2023. Available at:
https://learn.microsoft.com/ru-ru/azure/machine-learning/how-to-
understand-automated-ml?view=azureml-api-2

OPUTUHAJbHbBIE NCCNEAOBAHUA

Pesyabrartsl

B Hacrosmem wmccrenoBaHNK OMHApHYIO KiaccH(UKa-
LMIO, PEATM30BAHHYIO C TIOMOIIBIO PA3HBIX METOHOB (pe-
IPECCHOHHAS JIOTHCTHYECKAs! MOJENb, METOX CIIy4aiHOro
neca (random forest) v TpaqMeHTHBIN OycTuHT (gradient
boosting)) mpuMeHsIIN 1 IpeACKa3aHNs BEpOATHOCTH BO3-
HHUKHOBEHUSI ONPEJEICHHOTO MCX0Aa (3allMILeH WA HeT)
T0 3Ha4eHHUsM THTPOB B passemeHusx (1 : 40; 1 : 80) mm
HopMmupoBaHHBIX (ref max/titer > 4; ref max/titer > 4).

Ilopozu, évipasicennvie 8 mumpax
(pazeedenua 1l : 40 u 1 : 80)

B pacuerax B KadecTBe MOPOTOBOTO 3HAYCHHS IIEpe-
KpPECTHOIO UMMYHUTETa MEXAY ABYMs MPOU3BOIbHBIMU
mTaMMaMy OBIJIO pelreHo B3ATh BennunHy Tutpa PTTA
B pa3BeneHuu kak oT 40, Tak u ot 80.

Pacnpenenenue mNONOKUTENBHOIO TNpU3HAKa (aHTU-
TEeHHOTO yCKOIb3aHwus) At moporoB 1 : 40 u 1 : 80 kax
BO BCEX HACTPaMBAEMbIX, TaK U MPOTHO3ZHBIX MEPHOAAX
BapsupoBasiock oT 30 10 40% u ot 47 1o 53% cootrBet-
ctBeHHO. Hckiouenue coctaBuia 2023 r., B KOTOPOM JJist
nopora 1 : 80 paHXUpOBaHHE 3TOTO Ke MPU3HAKA MCHS-
nock ot 37 1o 44%, a nns nopora 1 : 40 — ot 15 no 26%.
IlogpoGHas nHpoOpMAaIHs IS BCeX MOPOTOB U EPHOIOB
npenactasineHa B Ilpuioxenun.

JInst KaXIoro BPEMEHHOTO OTpe3Ka BCE TPH MOJCIH
HACTpaWBajJHM W TECTHPOBAIN COIVIACHO THU3aiHy HCCie-
JIOBaHUA. Pe3ynbTaThl pacueToB MO BCEM TPEM MOIEINSIM
B TiTpax (1 : 40) nmpencrapieHsl B Ta0J. 2 ¥ Ha rpadukax
(puc. 2-5). Ouenky afeKBaTHOCTH KaKAOH MOJETH Ha
BBIOPAaHHBIX POTHO3HBIX MEPUOAX OMPEIEIISIIH C TOMO-
IIbIO0 OOMIETIPUHSATHIX TIOKa3aTeIIeH.

Kax BuaHo u3 Tabn. 2, 0Gomee CIOXHBIE MOIEITH
NEMOHCTPUPYIOT JYUYIIUH pe3yabTaT MpaKTUYECKU
M0 BCEM IlOKaszarelsiM. BriOMBaroTCS M3 3TOTO psiga
¢ HeOOJIBIIION pa3HUIeH pe3yNbTaThl A IMPOTHO3HO-
ro nepuoaa 2023 r., ¢ mpeaBapUTEIHbHO HACTPOCHHBIM
nepuosioM 3a 2022 1. YTo kacaeTcsi CpaBHEHUS OTIENb-
HBIX ITOKa3aTeJiei 1Mo BCeM TPEeM MOAECISAM, TO CIenyeT
0o0paTUTh BHMMAaHHE Ha BEIUYHMHBI CleNU(DHUHOCTH
U 4YBCTBUTENIBHOCTH. [10 BceM MpOrHO3HBIM U HacTpa-
WBacMBIM TiepuonaMm o0e METpPUKH cOaTaHCHPOBAHEI.
HckmroueHue coctaBiseT NpOorHo3HbIi mepuoa 2023 1.,
HacTpoeHHBIN Ha 2022 T., B KOTOPOM HaOIIOTAIOTCS BBI-
COKHE 3HAYCHUS JJISI TYBCTBUTECIBHOCTH U HU3KUE IS
CcrenupUIHOCTH.

Ha puc. 2—5 npencrasinens! pe3ynsrathl ROC-ananuza
Bcex Tpex mojenei. CoriacHO MPUHATON METPUKE Kaue-
CTBa Kiaccugukaropa, xopoume nokasarenu nog ROC-
KPUBOM WUIIOCTPUPYIOT BCE TPU MOAEIU HAa IPOTHO3-
HeIi 2023 T. ¢ IpeABapUTENbHEIM 00yYeHHEM Ha JaHHBIX
3a 2022 1. OueHb XOpOIINe PE3YNIbTAThl MOTYYUIUCh A
HacTpoeHHoro nepuoza ¢ 2014 mo 2021 1. ¢ nporHozom
Ha 2022 r. AHaJOrM4YHbIE PE3YNBTaThl IOKA3aJI IPOrHO-
3HBIA CEHTAOPHhCKU ce30H 2023 T, ¢ IpeaBapUTEeIIbHO
HACTPOEHHBIM Ha (PEeBpPaAILCKUI MEPHOJ ITOTO KE roa.
JlocTato4HO YCTOMYMBBIMU OKA3aJIMCh PE3YIIBTATHl BCEX
TpeX Mojeliell Ha MPOTHO3HBIN OoceHHM ce30H 2022 T.
OO6y4eHHbIC Ha heBpabckoM ce30He 2022 T. MOJIEIH ITPO-
JIEMOHCTPHUPOBAIIA OTIUYHBIE 3HAYCHUS IIOKa3aTeiel
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Puc. 1. bBiiok-cxema nccie10BaHus.

1.1. BeiOOp uCXOMHBIX AaHHBIX; 1.2. BeIOOp mopora aHTUreHHOTo yckosib3aHus; 1.3. Pa3nenenue naHHbIX Ha 00y4aromuii nepuos u nporuo3usii; 2. [loctpoenue
mozeneit; 3. OneHka aJlekBaTHOCTU M CPaBHUTENbHBIN aHan3. [10siCHEH!sI B TEKCTE.

Fig. 1. Study flowchart.

1.1. Selection of source data; 1.2. Selecting the threshold for antigen release; 1.3. Dividing the data into a training and a forecast periods; 2. Model development;
3. Adequacy assessment and comparative analysis. Explanations in the text.

Puc. 2.2014-2021 => 2022 (1 : 40).

3nech U Ha pUc. 3—5: MOJENb JIOTUCTHIECKON PErpecCHy BBIICIeHa CHHUM
L[BETOM; CJTy4aiHOTO Jieca — KEITHIM IIBETOM; 'PaJEHTHOTO OyCTHHIa — 3¢-
JICHBIM IIBETOM, JUIS O{HOTO THIIA IOPOTa, BEIPaKEHHOTO B TUTPaX (pa3Bere-
uue 1 : 40). [lo ocu ¥V oTnoxeHa 4yBCTBHTEIBLHOCTH (Sensitivity), a o ocu
X ornoxena: / muHyc crienuduaHOCTS (specificity). [ToscHeHus B TekcTe.

Fig. 2. 2014-2021 => 2022 (1 : 40).

Here and in Fig. 3-5: the logistic regression model is shown in blue; random
forest — in yellow; gradient boosting — in green, for one type of threshold
expressed in titers (dilution 1 : 40). The sensitivity is plotted on the Y-axis, and
the 1 minus specificity represent on the X-axis. Explanations are given in the text.

AUROC. 211 pe3ynbTaTsl COBMAJAIOT C HAIIMMH MOKa-
3aTeNsIMU C IMPUMEHEHUEM MHOXXECTBEHHOM JIMHEHHOMN
perpeccuu [4].

MBI TakKe pelriii MPOBEPUTHh KaueCTBO HAIIMX MO-
Jlesielt U1 MOPOTOBOT0 3HAUYEHUS TUTPA IEPEKPECTHOTO
nMmyHHUTeTa, papHOTO 80. [ToapoOHBIE pacuyeTs (TabIu-
1el, ROC-kpuBbIe) npencrasneHs! B [Ipunoxennn.
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Puc. 3. 2022 (dpes.) => 2022 (cen.) (1 : 40).
Fig. 3. 2022 (feb.) => 2022 (sep.) (1 : 40).

[Tpu cpaBHEHUN PE3yIBTATOB, TOJYUYEHHBIX C MCIIOIb-
30BaHUEM PA3TMYHBIX 3HAYCHUN MOPOTOBOTO YCKOIb3a-
HUsI, IPUBJIEKAeT BHUMaHUE TOT (DaKT, YTO BHE 3aBUCUMO-
CTH OT 3Ha4€HHs MOpora, PH BCEX HACTPaWBaEeMBIX ITe-
pronax, COXpaHSIIOTCS TCHISHIUH: JIyUIINe Pe3yabTaThl
MOJIYYHIIMCh TIpH TIporHo3e Ha 2022 T. M UyTh YMEPEHHbBIE
pH nporHose Ha 2023 r.
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Tabauna 2. ITopor B tutpax (1 : 40)
Table 2. Threshold titer (1 : 40)

Iapamerp . o

Parameter Accuracy Sensitivity Specificity MCC F1 AUROC
2014-2021 => 2022
Jlor. perpeccust 0,764 0,704 0,858 0,548 0,785 0,859
Logistic regression
CayuaiiHbli Jec 0,803 0,727 0,924 0,635 0,819 0,886
Random forest
I'papnentHsIil GycTHHT 0,814 0,750 0,913 0,647 0,831 0,899

Gradient boosting
2022 (des. / feb.) => 2022 (cen. / sep.)

Jlor. perpeccus 0,861 0,804 0,949 0,735 0,875 0,934
Logistic regression

CiyyaiiHblii Jiec 0,886 0,931 0,815 0,759 0,909 0,958
Random forest

I'papnenTtHsI OycTHHT 0,880 0,944 0,781 0,747 0,906 0,956

Gradient boosting
2023 (des. / feb.) => 2023 (cen. / sep.)

Jlor. perpeccus 0,637 0,607 0,806 0,297 0,739 0,760
Logistic regression

Ciy4aiiHbIi Jec 0,734 0,719 0,815 0,399 0,821 0,854
Random forest

I'papuenTHBIN OycTHHT 0,869 0,953 0,402 0,420 0,925 0,851
Gradient boosting

2022 =>2023

Jlor. perpeccust 0,837 0,970 0,304 0,393 0,905 0,775
Logistic regression

Ciy4aiiHbIi Jiec 0,838 0,968 0,316 0,398 0,905 0,658
Random forest

I'paguenTHBIN OycTHHT 0,837 0,968 0,311 0,395 0,905 0,614

Gradient boosting

Puc. 4. 2023 (des.) => 2023 (cen.) (1 : 40). Puc. 5. 2022 => 2023 (1 : 40).
Fig. 4. 2023 (feb.) => 2023 (sep.) (1 : 40). Fig. 5.2022 => 2023 (1 : 40).

Hopozu, evipasicennvie coomnowenuem ref max/titer Ha KOHEYHBIN UTOT CYIIECTBEHHO BIUSAIOT UHIUBUYalIb-

>4 u ref_max/titer 2 4 Hble OCOOCHHOCTH I1a0OPAaTOPHBIX KHBOTHBIX. UTOOBI

Kak yxe He pa3 0TMEYaaOCh WCCIIEMOBATENIIMH, He-  YMEHBIIHUTH BIMSHHE 3THUX (PAKTOPOB, B KAYECTBE IIOPOra

CMOTpsI Ha BCE YCHIIMS TI0 CTaHAAPTU3AINK MPOBEICHNST ~ AHTUI€HHOIO YCKOJb3aHUS Mbl B pacueTax IPHUMEHWIH
PTTA [22], u3Ha4apHO 3aJI0KEHHAs] BBICOKAs IOrpeln-  HOPMHUpPOBaHHBIN ref max/titre >4 u > 4.

HOCTh MeTomuku PTIA (17%) [23] ocTtaetcs hakTopom, HaOmromaeTcst 10CTaro4HO pPOBHOE pacHpesieieHue

CYIIECTBEHHO BIHSIONIMM Ha pe3yasrarsl. KpoMe TOro,  MOJOXKHUTENBPHOIO IPU3HAKAa (AHTHUTEHHOIO YCKOJIb3a-
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Tadauua 3. HopmupoBanHslii mopor Gosnbiie 4
Table 3. Threshold normalized more than 4

[Tapamerp

Accurac
Parameter y

Sensitivity

Specificity MCC Fl1 AUROC

2014-2021 => 2022

Jlor. perpeccust
Logistic regression

0,817 0,915

CuyyaitHblii 1ec
Random forest

0,816 0,893

I'pagueHTHbII OycTHHT
Gradient boosting

2022 (¢es. / feb.) => 2022 (cen. / sep.)

0,821 0,900

Jlor. perpeccust
Logistic regression

0,883 0,929

CrryuaiiHblii nec
Random forest

0,890 0,897

I'paguenTtHslii OycTHHT
Gradient boosting

2023 (des. / feb.) => 2023 (cen. / sep.)

0,890 0,904

Jlor. perpeccust
Logistic regression

0,750 0,791

CrnyyaiiHblii 1ec
Random forest

0,770 0,840

I'panuenTHsblii OycTHHT
Gradient boosting

2022 =>2023

0,762 0,804

Jlor. perpeccust
Logistic regression

0,624 0,249

CuyuaitHblii nec
Random forest

0,613 0,257

I'papueHTHbII OycTHHT
Gradient boosting

0,614 0,259

0,714 0,644 0,836 0,840

0,736 0,638 0,832 0,861

0,738 0,648 0,837 0,899

0,837 0,769 0,888 0,942

0,883 0,780 0,891 0,951

0,876 0,781 0,892 0,951

0,715 0,505 0,745 0,821

0,710 0,550 0,771 0,849

0,726 0,528 0,757 0,848

0,965 0,310 0,386 0,664

0,938 0,268 0,388 0,748

0,937 0,268 0,389 0,725

HUS) ]I HOpMUpOBaHHOTO Topora ref max/titre > 4 kak
BO BCEX HACTPAaWBACMBIX, TaK U MPOTHO3HBIX TIEPUOIAX —
ot 44 no 54%. Ins HopMupoBaHHOTO TMopora ref max/
titre > 4 paHXHpPOBaHHE ITOTO XK€ MPHU3HAKA MEHAETCS
ot 21 mo 28%. IlonpoOHas wHPOpPMANUS MpeaCTaBICHA
B IIpunoxenun.

Kaxk BumHO 13 Tabi. 3, COXpaHAIOTCS TSHACHIINH C pe-
3yJbTaTaMi PacdeToB C NMPHMEHEHHEM Iopora, paBHO-
ro 40. Kak u B mpeasiaymeM cirydae, OT OOIIero TpeH-
Jla OTVIMYAIOTCS PE3ylbTaThl AJsl MPOTHO3HOIO IepUo-
na 2023 r., ¢ IpeABapUTEIBHO HACTPOSHHBIM NEPUOIOM
322022 .

Ha puc. 6-9 npencrasnens! pe3yiasrarel ROC-ananuza
BCEX TPeX MOJIeIIeH 11 HOPMHUPOBAHHOTO TTopora (> 4).

Ha Bcex mporHo3HbIX nepuojax 3Ha4eHHs ILIOLAAeH
o ROC-kpuBbiMu Oonbie 0,8, kKak U B CiIy4yae pacye-
TOB JIJIsl HOPOTOB, BhIpaXkeHHBIX B THTpax (1 :40u 1 : 80),
3a HCKIIIOYeHUEM rpaduKoB Ha puc. 9, rae BemmunHa AU-
ROC 6onpmre 0,7 mis Momenel ciiydaifHOTO Jieca U rpa-
TMUESHTHOTO OYCTHHTA.

OcHOBHOM NpHYMHON MeHbIIUX nokasarene AU-
ROC sBnsiercss Hu3Kas 4YyBCTBUTEIBHOCTH MOJCIICH.
Crnenyer OTMETHUTh, YTO B OTIMYHME OT THIIA IOpOTa
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(1 :40 u 1 : 80) nnsa mepuona, HACTPOSHHOTO Ha JIaH-
HbIX 2022 r., u nporHo3a Ha 2023 r. JorucTuyeckas pe-
rpeccust TOKa3bIBaeT MEHBIINI PE3ybTaT, 4eM B CIIydae
OoJiee CIOKHBIX MOJIEIEH.

Pesynbrarel A7 HOPMHPOBAHHOTO TOpOTa, OOJNbIIe
1 PaBHOTO 4, B II€JIOM aHAJOTWYHBI, I BCEX NMEPHOJOB,
HO, KaK M O)KHAAJIOCh, UMEIOT 00JIee BHICOKYIO YyBCTBU-
TEJIIBHOCTH U ci1alyto crienuduaHocTh. OCOOEHHO 3aMeT-
Ha pa3HuLA Ha nporHose 2023 r., HACTPOEHHOM Ha JaH-
HbIx 2022 1. [TonHble pacyeTsl peacTaBieHsl B [Ipuio-
KESHUH.

Ilpumenenue mampuy AAindex

Ha cnenyromiem srare ucciieJoBaHUN NMPUMEHSIN Ma-
Tpurbl AAindex, TeM caMbIM 3aMEHsII 3HAUCHHUE MOWC-
TaHIUUM XEMMUHTa Ha TPUCYIIEe YUCIOBOE 3HAYCHUE
KOHKPETHOW (PU3MKO-XMMHUYECKOH W OHMOXHMHYECKOH
XapaKTepUCTUKHU. 3apyOeXHble KOJJIETH B CBOMX HC-
CJICZIOBAHUSAX TPUMEHSUTH MaTpuilbl AAindex B pa3HBIX
koMOMHAIWAX. OHHU TPECTaBICHBl JOBOJBHO CONU-
HBIM KOIMYEeCTBOM. M MpUMEHSTH BCe MaTpHIlbI Oe3 moa-
TBEP)KICHHONH TEOPHH WM JOTMKH MBI COWIM Hampac-
HbIM. TakuM 00pa3oM, OBLIIO MPUHATO PEIICHHE CHAYala
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Puc. 6. 20142021 => 2022 (> 4).

3neck U Ha puc. 7-9: MOJIENH JOIUCTHYECKOH PErpecCHn BbIIENIEHbI CHHUM

L[BETOM; CITy4aifHOTO JIeCa — JKENITHIM L[BETOM; TPaJHCHTHOr0 OyCTHHTa — 3eJ1e-

HbIM 11BeToM. [10 ocu ¥ oTiioxkeHa 4yBCTBUTENBHOCTD (Sensitivity), a mo ocu X
omiokeHa: 1 munyc crienuduaHOCTs (specificity). TosicHeHus B TeKcTe.

Fig. 6.2014-2021 => 2022 (> 4).
Here and in Fig. 7-9: logistic regression models are shown in blue; random
forest models are shown in yellow; gradient boosting models are shown in

green. Sensitivity is plotted on the Y-axis, and 1 minus specificity represents
on the X-axis. Explanations are given in the text.

Puc. 8. 2023 (des) => 2023 (cen.) (> 4).
Fig. 8. 2023 (feb) => 2023 (sep.) (> 4).

UCIIONIb30BaTh HaOoJIee YacTo MepeceKalonuecs MaTpu-
11bl, TIOKa3aBUINE JIyYIlUE Pe3ybTaThl y Kosuier [24-27]
U Jajiee MPOBECTH CPABHEHUE TIOIYICHHBIX PE3YJIbTaTOB:

— AZAE970101 The single residue substitution ma-
trix from interchanges of spatially neighbouring residues
(Azarya-Sprinzak u coast., 1997).

— BENS940104 Genetic code matrix (Benner
U COaBT., 1994).

— MUETO010101 Non-symmetric substitution matrix
(SLIM) for detection of homologous transmembrane pro-
teins (Mueller u coasr., 2001).

Pesynprarel pacueToB 1Mo BCeM TPeM MOAETSAM IS I10-
pora B Tutpax (1 : 40) 1 HOpMUPOBAHHBIX OOJIBINE 4 TIpe-
CTaBJIeHHI B Tabmn. 4, 5. Bce ocrampHBIC pacdeTsl Mpe-
cTaBlieHbl B [IpuioxkeHHH.

Ha ocHoBe npencraBneHHBIX B Tabl. 4-5 cpaBHUTEIb-
HBIX PE3YJIBTaTOB MOXKHO KOHCTaTHPOBATh, YTO MIOKa3aTe-
mu AUROC, paccunTaHHbIE Kak C TIOMOIBIO AUCTaHIIUU
XeMMHHTa, TaK 1 C UCTIOJIb30BAHUEM BHIOPAHHBIX MaTPHI]
AAindex, cymecTBeHHO He oTiHyaroTcsa. OOpamaer Ha
ce0s BHIMaHUE TOT (PaKT, YTO B OCHOBHOM BBIITOIHSICTCS
npaBuIIo: 0oJIee CIIOXKHBIE MOJIENH IEMOHCTPUPYIOT JIyd-

OPUTUHAJbHbBIE NCCNEAOBAHUA

Puc. 7. 2022 (¢peB.) => 2022 (cen.) (> 4).
Fig. 7. 2022 (feb.) => 2022 (sep.) (> 4).

Puc. 9. 2022 => 2023 (> 4).
Fig. 9. 2022 => 2023 (> 4).

U pe3yabTar, BKIIoYas mporHos3 g nepuoga 2023 .,
HACTPOEHHOro Ha JaHHbIX 2022 ., ¢ HOPMUPOBAHHBIM
moporoM Oonbine 4. [l BBIYUCIEHUN € MaTpUllaMU
AAindex 3To paBuIIO BBITIONHAETCS JTyYIlle, JINIIb C SIH-
HUYHBIMH HCKITIOYCHUSMU. Pe3ynsTaThl TOTHBIX HCCIIe-
JIOBaHUM npeacTapieHsl B [IpunoxeHun.

O6cyxneHue

OCHOBHO# 11eNBI0 HacTOAIIEeH paboTh OBUIO H3yUeHHUE
BJIMSHUS pa3sHbIX THUIIOB NPHUMEHIEMBIX MOJENEH Iepe-
KpPECTHOTO MMMYHHTETa Ha PE3YJAbTaThl HCCIIETOBAHUS.
[l Oonee 0OBbEKTUBHOM U yCTOWYHMBOI OLIEHKH 00yyanu
Y TECTUPOBaIHU pa3paboTaHHBIC HAMU MOJIEIIH Ha Pa3HbIX
BpPEMEHHBIX Tepronax. [Ipu aToM BappHpoBa M Kak THI
MOpOTa aHTUTEHHOTO YCKOJIB3aHUs, TaK U ero 3HaYeHHE.

B 0oCcHOBHOM, Kak M OHIaJIOCh, 00jIee CIOKHBIE MO-
JIeNM POAEMOHCTPUPOBAIM JydlIMH pe3ynsTar. Equs-
CTBEHHBI BPEMEHHOW NEpUOJ C MPUMEHEHUEM THIIA
mopora, BeIpakeHHOro B THTpax (1 : 40; 1 : 80), BBIOU-
BAIOIUICS U3 3TOH 3aKOHOMEPHOCTH, — 3TO NPOTHO3HBII
nepuox 2023 r., ¢ IpeABapUTENbHO HACTPOCHHBIM MEpH-
onom 3a 2022 r., TJe TydIuii pe3ysbTaT mokasana Hanbo-
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Taosmua 4. I[Topor B Tutpax (1 : 40). CpaBHEeHHE pe3ynbTaTOB
Table 4. Threshold titer (1 : 40). Comparison of results

Jluctanius XeMMHUHra

AAindex-AZAE_40 AAindex-BENS_40 AAindex-MUET 40

ITapametp Hamming distance
Parameter
AUROC AUROC AUROC AUROC

2014-2021 => 2022
Jlor. perpeccust 0,850 0,856 0,857 0,874
Logistic regression
Ciy4aitHsblii iec 0,879 0,876 0,878 0,878
Random forest
I'pasueHTHbIi OycTHHT 0,893 0,894 0,908 0,898
Gradient boosting
2022 (¢es. / feb.) => 2022 (cen. / sep.)
Jlor. perpeccus 0,912 0,887 0,937 0,932
Logistic regression
Cry4aiiHblii ec 0,958 0,956 0,958 0,957
Random forest
I'papguentHslil OycTHHT 0,956 0,957 0,959 0,957
Gradient boosting
2023 (des. / feb.) => 2023 (cen. / sep.)
Jlor. perpeccus 0,772 0,796 0,758 0,790
Logistic regression
Crny4aiiHblii iec 0,854 0,882 0,886 0,884
Random forest
I'papguentHsIit OycTHHT 0,851 0,883 0,878 0,875
Gradient boosting
2022 =>2023
Jlor. perpeccust 0,790 0,685 0,749 0,737
Logistic regression
Cry4aiiHblii tec 0,659 0,654 0,659 0,649
Random forest
I'papueHTHBI OycTHHT 0,624 0,629 0,581 0,590

Gradient boosting

Jiee TIpocTask MOJIEINb JIOTHCTHYECKOH perpeccu. B To ke
BpEeMs BaXKHO OTMETHTh, YTO HAIIHM PAacueThl OJHO3HATHO
MIPOAEMOHCTPUPOBAIM CYIIECTBEHHOE BIMSHUE paccMa-
TPUBACMBIX BPEMEHHBIX IMEPHOMIOB, T.€. MACCHBOB JaH-
HBIX, Ha PEe3yJIbTaThl POTHO3A.

Haunyumue pesynsrarsl Npor€os3a, ¢ NpUMEHEHHEM
BCEX BUJIOB MOJIETICH U Pa3IMYHBIX TUIIOB BEIMIMH OPO-
TOB QHTUTCHHOTO yCKOJIb3aHUs ObLIN MONYyYEHBI HA CEeH-
TAOpbCkHii ce30H 2022 T, MpeIBapUTEIHLHO HACTPOCHHBIN
Ha (eBpaIbCKOM CE30HE. XOpOIIHNe pe3ylbTaTsl MPOTHO-
3a Ha onHbIH 2022 T. IPOAEMOHCTPUPOBAIH MOAEITH, 00-
y4eHHbIe Ha TaHHBIX ¢ 2014 mo 2021 . /lanee B yObIBaro-
el Tpamayy MpeiCTaBlIeHBl Pe3ynbTaTsl MPOTHO3a Ha
¢eBpanbckuii mepuog 2023 1., ¢ HACTPOCHHBIM CEHTIOPB-
CKHMM CE30HOM 3TOro ke roja. Y cample HU3KHE 3HAaUEHUS
MTOKA3aJI BEIYHMCICHSI Ha TONMHBINA 2023 T., ¢ 00y4ueHneM
Ha JaHHBIX ABYX c€30HOB 2022 1.

[Ipu cpaBHEHNM pe3yabTAaTOB C MPUMEHEHUEM PA3INY-
HBIX THITOB TIOPOTOB AaHTUTEHHOTO YCKOJIE3aHUS HE BBISB-
JICHBI CYLIeCTBeHHBIC OTInuns. [Ipu 3TOM cregyeT oTme-
TUTb, YTO JIJIs 3HAUYeHUs oporoB B TuTpax (1 : 80) u Hop-
MHUpPOBAHHOTO Ooublie 4 pacrpeaeseHne NCCIeryeMoro
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MIpU3HAKa aHTUTEHHOTO YCKOJB3aHUS (MOJIOXKHUTEIHLHOTO
nucxona) Oomee paBHOMepHoe, oT 37 mo 54% cootBet-
cTBeHHO. Heckombko npyroe, Oonee pes3koe pacmpeje-
JICHHE TTOJIOKUTENBEHOTO ncxona (ot 15 mo 40%), memoH-
CTPUPYIOT Pe3yNbTaThl, MONYyUYEHHbIC JJIsl 3HAYCHUH 10~
poroB B tupax (1 : 40) u HoOpMUPOBAHHOTO > 4.

Taxoke mpuBIIeKaeT BHUMAHUE TOT (DAKT, YTO TIPH 3a-
MEHE BEJMYMHBI I0POra, BBIPAKCHHOTO KaK B TUTpPaX,
TaKk U HOPMHPOBAHHOTO, C MEHBIIET0 3HAYCHHs Ha
Oombiee, B HEKOTOPOH CTEMEHN B3aWMOCBSI3aHHBIMHU
BBICTYMAKOT JBa KOHKPETHBIX MapaMeTpa OILCHKUA MO-
JieJiei, 4yBCTBUTENBHOCTh U CHeNU(PUIHOCTh. B pac-
YeTax YyBCTBUTEIHLHOCTH YBEIWUHUBACTCS M YMEHBINA-
eTcs Cuenu(pUIHOCTS.

BriepBble OdeHb BBICOKHE pPE3yJbTaThl IPOTHO3a Ha
ceHTsI0phrCcKuit ce30H 2022 T., ¢ IpeABApUTEIIEHO HACTPO-
€HHOIT MOJIEJIbIO Ha (PeBPAIbCKUX IAHHBIX 3TOTO XKe rojia,
OBLIN TTOJTy4YeHbI B paHHeW pabote [5] ¢ ncnonp3oBaHrEeM
OecrperneIeHTHOrO KomM4uecTBa NaHHbX 3a 2022 1. B Ha-
CTOSIILIEM MCCIIEIOBAHUHM MbI TIOBTOPHJIM PACcUeThI 110100~
HBIM 00pa3oM, HO yXe C MPHUMEHEHHEM pa3pabdOoTaHHBIX
HOBBIX Mojened. JIOmoJHUTENbHO MPOBEIN aHAJIOTH4-



BOMPOCHI BUPYCOJIOTUW. 2024; 69(4)
https://doi.org/10.36233/0507-4088-250

Tabauna 5. Hopmuposanssli opor 6oneiire 4. CpaBHEHHE pe3yIbTaTOB
Table 5. Threshold normalized more than 4. Comparison of results

OPUTUHAJbHbBIE NCCNEAOBAHUA

Jucranuus XeMMHHTa

AAindex-AZAE

AAindex-BENS AAindex-MUET

Iapamerp Hamming distance ref max/titre >4 ref max/titre >4 ref_max/titre >4
Parameter
AUROC AUROC AUROC AUROC

2014-2021 => 2022
Jlor. perpeccus 0,821 0,833 0,762 0,821
Logistic regression
CayuaiiHblii ec 0,876 0,881 0,880 0,884
Random forest
I'papguenTtHbI OycTHHT 0,899 0,884 0,904 0,908
Gradient boosting
2022 (des. / feb.) => 2022 (cen. / sep.)
Jlor. perpeccus 0,936 0,902 0,944 0,943
Logistic regression
CryuaiiHblii iec 0,950 0,941 0,948 0,947
Random forest
I'pagueHTHBII OycTHHT 0,951 0,946 0,950 0,943
Gradient boosting
2023 (des. /feb.) => 2023 (cewn. / sep.)
Jlor. perpeccus 0,819 0,821 0,820 0,823
Logistic regression
CutyuaiiHblii Jiec 0,848 0,842 0,846 0,841
Random forest
I'paguenTHBII OycTHHT 0,848 0,844 0,849 0,848
Gradient boosting
2022 =>2023
Jlor. perpeccus 0,740 0,575 0,644 0,709
Logistic regression
CuryuaiiHblii Jiec 0,734 0,732 0,739 0,747
Random forest
I'pagueHTHBII OycTHHT 0,714 0,714 0,676 0,736

Gradient boosting

HbIE pacyeThl ¢ JaHHbIMU 3a 2023 . 1 B nepBoM U BO BTO-
POM Cilydae MOJIydYEeHb! XOPOLIUE PE3yabTaThl. YCTOWYH-
BOCTb NPEUIOKEHHOTO MOAX0/1a HEOOXOAUMO MPOBEPUTH
HAa JIAaHHBIX CJICIYFOIIUX CE30HOB.

AKTHBHOE WUCITONB30BaHUe 0a3 naHHBIX AAindex
B pa3paboTke MozeIel NepeKpecTHOT0 IMMYHHUTETA OBbI-
JI0 OTMEYEHO B PAJe HAyYHBIX padOT 3a IOCIEAHUE TO-
asl [24-27]. Tlockonsky Marpumbl AAindex comepxar
YHCIIOBBIE TOKA3aTeNH, OTPaKaloIlie pa3Hble (HU3UKO-
XMMHYECKHe CBOMCTBA aMHHOKHCIIOT W Tap aMHHOKHC-
JI0T, TO, IPEATIONIOKHUTENFHO, NX MCIIOB30BaHUE B pacde-
Tax JAOJIKHO NMPHUBECTH K YIYUIICHHIO TOUHOCTH MOJIEIH.

[IpoBeneHHbIE HAMH pacyeThl C MPUMEHEHHEM Tpex
Marpun AAindex, BRIOpaHHBIX MO MPHHIMITY HanOosee
4acTo MEPECEKAIOINXCSI MATPHUILL B HECKOJIBKHX 3apy0exk-
HBIX Hay4HBIX paboTax, HE IOKa3alll CYIIECTBEHHOTO
yaydmenns pesyasraro. [Ipu aTom HeoOxomumo oTme-
TUTb, YTO UX NPUMEHEHHE HE YXYAIINIO PE3YIIbTATHI.

Brlmen3nokeHHOE MOXKET CBHJETEIbCTBOBATH O TOM,
YTO IS OOBEKTHBHON OLIEHKH PE3yIETaTOB MPH HCIONb-
30BaHUM KOHKpEeTHBIX Marpun AAindex HeoOXOAMMO

Omonornueckoe 0OOCHOBaHHE IIEJIECOO0Pa3HOCTH HX
MIPYMEHEHHUS B TOM HJIM HHOM CIydae.

B omy0OnnkoBaHHBIX K HACTOSIIEMY MOMEHTY HCCIIe-
JIOBaHMSIX IO pa3paboTke MoAeJel IMepeKpEeCTHOTO HM-
MYHUTETa aBTOPHl OOBIYHO HCIONB3YIOT OAWH Habop
JIAaHHBIX, HA KOTOPBIX MPOBOIAT 00yYeHHUE MOJEINH, a Ha
JIPyTOM MHO)KECTBE IAHHBIX BBIITOJHSETCS €€ TEeCTHPO-
BaHue. beIBaroT ciaywan, Korga BCsl BBIOOpKA (COBOKYTI-
HOCTb JIaHHBIX) CIIy4ailHIM 0OpazoM JEIuTCS Ha JBE
9acTH, TPU STOM OonpImuid 00BEM MpeAHA3HAYeH IS
HACTPOWKN MOJIENTH, a MEHBIIIee KOJIMYECTBO IJISi BaJH-
nanuu [13, 16, 24, 27-31]. Pesynbrarsl Tekymen pado-
THI TTOKA3bIBAOT, YTO TaKOH aJrOPUTM HEIOCTaTOYEH IS
000CHOBaHUS MPEICKA3aTEIFHON CIIOCOOHOCTH MOICIH.
Harim BeIUMCIIeHHS TIO3BOISIOT YTBEPIKAATh, YTO PE3YIib-
TaThl JTOCTaTOYHO CHJIFHO OTIMYAIOTCS B 3aBHCHMOCTH
OT HCIIONB30BAHHBIX HA0OPOB MaHHBIX. UTOOBI 000WTH
3TO OrpaHUYCHHUE U yOSTUTEIBHO YTBEPKIATh O IPOTHO-
CTHYECKOH yCTOWYMBOCTH MOJIENH, Ha HAIll B3NS, HEOO-
XOJIMMO MPOBOANTH KaK HACTPOHKY, TaK U TECTHPOBAHNE
Ha HECKOJIBKHX Pa3HbIX MHOKECTBAX.
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ORIGINAL RESEARCHES

3akirouenue

B pamkax Tekymmx HccieqoBaHMHA pazpaboTaHHBIE
CTAaTHCTUYECKUMH METOJAMH W MAIIMHHOTO OOydYeHUS
0oJiee CIOKHBIE MOJICTU MPOJIEMOHCTPUPOBATIHN JTyUIITHI
pesynbrar. [Ipu 3ToOM BEIOOpOYHOE NMPUMEHEHUE THUIIOB
MTOPOTOB AHTUTCHHOTO YCKONB3aHHS M 3aMEHA €ro HUHC-
JIGHHBIX 3HAYCHUM HE BHOCST CYIIECTBEHHOTO BKJIaja.
Wx BBIOOp momkeH 00OCHOBBIBATHCS (pakTopaMu, Hesa-
BHUCHUMBIMH OT CAaMOM MOJICIIH.

Jlns Moneneit mepekpecTHOro UMMYHHUTETa, OCHOBAH-
HBIX Ha moucke 3aBUcUMOCTU TUTpoB PTTA or usmene-
HMI B aMHUHOKHCJIOTHBIX IMO3HIMSIX ITOCJIEIOBATEILHO-
CTell BUpyca TPHIINA, BAXXHO U HEOOXOJUMO MPOBOINUTH
o0ydeHHe W TECTUPOBAHHME Ha PAa3IMIHBIX MHOMXECTBAX
(mabopax JaHHBIX).

Nmeromuiics 3azei 3HaHUHA U HaBBIKU UCCIIENOBATEIEN
KaK B TEXHHYECKOM, TaK M OHMOJIOTHMYCCKOM HarpaBiie-
HUSAX TO3BOJISIIOT OCYIIECTBISITH JallbHEHIee pa3BUTHE
Mojieniel MepeKpecTHOT0 UMMYHHUTETA, C IPUMEHEHHUEM
Ooree CIOKHBIX TEXHUK IITyOOKOTO 00yYIeHHSI.
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OPUTUHAJbHbBIE NCCNEAOBAHUA

o —— ]
© BEJIMKXXAHUHA E.U., CAIILIMHA T.A., MOPO30BA 0O.B., KAIIIHUKOB A.1O., EIIM®AHOBA H.B., HOBUKOBA H.A., 2024
HeoOblyHble BA222-noao6HbIe WwTtamMmmbl Rotavirus A
(Sedoreoviridae: Rotavirus: Rotavirus A):
MOSEKYNAPHO-reHeTUYeCKUM aHanus3
Ha OCHOBE BCeX CerMeHToB reHoma

BenukkanuHa E.N."? | CawwHa T.A.", Mopo3sosa O.B.", KawHukos A.KO.", EnndaHosa H.B.",
Hosukosa H.A.'

'®BYH «Hwuxeropoackuii Hay4Ho-1ccneaoBaTENbCKUIA UHCTUTYT 3NMAEMUONOTMN U MUKpobronorum nm. akagemuka U.H. Brnoxu-
Hon» ®depepanbHoi cnyxbbl No Haa3opy B cdepe 3alwmThl NpaB noTpebutenen u Gnaronony4yust yenoseka (PocnotpebHaasop),
603950, r. HmxHun Hosropog, Poccus;

20MAQY BO «HauunoHanbHbIN nccnenoBaTenbckmin Huxxeropoackuin rocyaapcTBeHHbIR yHuBepeuTeT um. H.U. JlobaveBckoroy,
603022, r. HmxHun Hosropog, Poccus

Pestome
BBeaeHue. PoTaBnpycHas MHGEeKUMA SBNSETCA OCHOBHOM NPUYMHON TSHKENbIX AervapaTupyowmx guapen, Tpedy-
IOLWMX rocnuTanusaumn, y aeten Mnaglero Bo3pacTta Bo BcemM mupe. bnarogapsi cerMeHTpOBaHHOMY reHOMY po-
TaBMpPYyCbl CNOCOBHbLI K peaccopTaumm reHoB, YTO AenaeT BO3MOXHbIM MOSIBIIEHNE Y PacnpoCTPaHEHNe reHeTUYeCKu
HOBbIX LLITAMMOB.
Llenb nccnepoBaHus — MONCK HEOOLIYHBLIX POTaBMPYCOB, LMPKynMpoBasLunx B HukHem Hosropoge B 2021-2023 rr.,
N MX MONEKYNSAPHO-TEHETUYECKAst XapaKTEPUCTUKA HA OCHOBE BCEX CErMEHTOB reHoMa.
MaTtepuanbl n metoabl. PoTaBunpyc-nonoxuntenesHole obpasubl cTyna geten uccnegosanu metogamu MNUP-reHo-
TUNMPOBAHNA 1 3nekTpodopesa B nonuakpunamvgHom rene. [ns oTo6paHHbIX LWTaMMOB Obinv CEKBEHUPOBAHbI
dpparmeHTbl kKOMNnemeHTapHon OHK kaxgoro n3 11 reHos (VP1-VP4, VP6, VP7, NSP1-NSP5) anvnHon ot 570 oo
850 nap HykneoTnaoB. PuNoreHeTUYECKNA aHanu3 nposoamnu B nporpamme MEGA X.
Pe3ynbrathbl. B nccnegyembivi nepuog 2021-2023 rr. 66110 naeHtnduumposaHo 11 G[P]-kombuHaumn ¢ npeobna-
naHvem G3P[8] (59,5%). BbisiBneHo 6 HETUNMYHbIX WTammoB poTaBupyca A (PBA): 2 wtamma reHotuna G2P[4]
(G2-P[4]-12-R2-C2-M2-A3-N2-T3-E2-H3, G2-P[4]-12-R2-C2-M2-A3-N2-T3-E3-H2) n 4 wtamma G3P[9] (Bce wram-
Mbl umenu reHotun G3-P[9]-12-R2-C2-M2-A3-N2-T3-E3-H3). ®unoreHeTM4eCcKMn aHanmM3 Ha OCHOBE BCEX reHOB
nokasan 3BOfOLMOHHOE POACTBO Mexady poTaBupycamu, nogobHbIMKM poTaBupycam Kolek u cobak (BA222-no-
[00HbIMK), M HEOObIYHLIMK WTammamu reHoTuna G2P[4], Ansa KOTopbIX CMeLlaHHas KOMOUHaLUMSA reHoTUNoB Obina
BbISIBMIEHa N OXapakTepusoBaHa BrepBble.
3akntouyeHue. MonyyeHHble pe3ynbTaThl paclUMpsOT NPeACcTaBneHns o pasHoobpasuu peaccopTaHTHbIX PBA, a
TaKkKe AOMOMHAT AaHHbIE O FeHOTUNOBON CTPYKTYPE NOMyNSALMM pOTaBMpyCcOB Ha Tepputopumn HiwkHero Hosropo-
Aa. Pe3synbrathbl nccnegoBaHnsi B COBOKYMHOCTM C NOSyYEeHHbIMU paHee AaHHbIMU PacLUMPSIIOT NpeacTaBneHne o
reHeTU4YeCckoM pa3Hoobpasuy poTaBMpyCOB U PO PEacCOPTAHTOB B €ro NOAAEPXKaHUN, YTO BaXHO AN co3qaHns
HOBbIX POTaBMPYCHbIX BakKUMH 1 MOHMMaHMWS 3BONIOLIMOHHbIX NpoLeccoB B nonynsuum PBA.
KntoueBble crnoBa: pomasupyc A; 2eHomunuposaHue; fosiHbIU 2eHomuri, ¢hurioeeHemuyecKkul aHanu3s; eeHemu-
yecKue sapuaHmbl; 2eHemu4ecKoe pasHoobpa3ue; peaccopmaHmabl

Ona untnpoBaHus: BenukkaHnHa E.W., Cawwuna T.A., Mopo3sosa O.B., KawHunkos A.1O., EnndgaHosa H.B., HoBu-
koBa H.A. HeobbluHble BA222-nofo6Hble wtammbl Rotavirus A (Sedoreoviridae: Rotavirus: Rotavirus A): moneky-
NSAPHO-TEHETMYECKNA aHann3 Ha OCHOBE BCEX CerMeHToB reHoMa. Bonpocsi supyconoauu. 2024; 69(4): 363—-376.
DOI: https://doi.org/10.36233/0507-4088-254 EDN: https://elibrary.ru/ogoquq

®duHaHcupoBaHue. VccriefoBaHue NpoBeaeHo B paMkax BbinosiHeHust FocyaapcTBeHHoro 3aaanHns degeparnbHoi cryx-
6bl N0 Haa3opy B cgpepe 3awwuThbl NpaB noTpebutener u 6narononyyns yenoseka (PocnotpebHaasop).

KoHdnuKkT nHTepecoB. ABTOpbI AEKNAPUPYIOT OTCYTCTBME SIBHBIX U MOTEHUMArbHbIX KOH(MMKTOB MHTEPECOB, CBSA3aH-
HbIX C Nybnnkaumen HacTosILLEN CTaTbu.

ATnyeckoe yTBepxaeHue. ViccnegoBaHve NnpoBoagnnock Npy 4o06poBONbHOM MHPOPMUPOBAHHOM COMTacuM NaLMEeHTOB.
MpoTtokon uccrnenoBaHusi ogobpeH JlokanbHbIM aTMYeckum komutetom PBYH «Hwmxeropoackuin HUW anugemuwonorum n
Mukpobuonorum M. akagemuka U.H. BrioxuHony» ®enepansHor cnyx6bl No HaA3opy B cdepe 3alLmTbl NpaB notpebute-
nen v Gnaronony4us Yenoseka (PocnotpebHaasop) (MpoTokon Ne 6 ot 24.03.2021).
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Unusual BA222-like strains of Rotavirus A (Sedoreoviridae:
Rotavirus: Rotavirus A): molecular and genetic analysis
based on all genome segments

Elena I. Velikzhanina'? , Tatiana A. Sashina', Olga V. Morozova', Alexander Yu. Kashnikov?,

Natalia V. Epifanova’, Nadezhda A. Novikova'

'Academician |.N. Blokhina Nizhny Novgorod Scientific Research Institute of Epidemiology and Microbiology of the
Federal Service for Supervision of Consumer Rights Protection and Human Welfare (Rospotrebnadzor), 603950,
Nizhny Novgorod, Russia;

2Lobachevsky State University of Nizhny Novgorod, 603022, Nizhny Novgorod, Russia

Abstract

Introduction. Rotavirus infection is the major cause of severe dehydrating diarrhea requiring hospitalization in
young children worldwide. Due to their segmented genome, rotaviruses are capable of gene reassortment, which
makes the emergence and spread of genetically novel strains possible. The purpose of this study was to search
for unusual rotaviruses circulating in Nizhny Novgorod in 2021-2023 and their molecular genetic characterization
based on all genome segments.

Materials and methods. Rotavirus-positive stool samples of children were examined by PCR genotyping and
electrophoresis in PAAG. cDNA fragments of each of the 11 genes (VP1-VP4, VP6, VP7, NSP1-NSP5), 570 to
850 nucleotide pairs in length were sequenced for the selected strains. The phylogenetic analysis was performed
in the MEGA X program.

Results. In the study period 2021-2023, 11 G[P] combinations with a predominance of G3P[8] (59.5%) were
identified. Six atypical Rotavirus A (RVA) strains were identified: 2 strains of the G2P[4] genotype (G2-P[4]-12-R2-
C2-M2-A3-N2-T3-E2-H3, G2-P[4]-12-R2-C2-M2-A3-N2-T3-E3-H2) and 4 G3P[9] strains (all strains had the geno-
type G3-P[9]-12-R2-C2-M2-A3-N2-T3-E3-H3). Phylogenetic analysis based on all genes showed an evolutionary
relationship between rotaviruses similar to rotaviruses of cats and dogs (BA222-like) and unusual strains of the
G2P[4] genotype, for which a mixed combination of genotypes was identified and characterized for the first time.
Discussion. The results obtained expand the understanding of the diversity of reassortant RVAs, as well as com-
plement the data on the genotypic structure of the rotavirus population in Nizhny Novgorod.

Conclusion. The wide genetic diversity of reassortant RVA can help rotaviruses overcome the immunological
pressure provided by natural and vaccine-induced immunity. In this regard, to control the emergence of new
variants and assess changes in the virulence of rotaviruses after reassortment processes, continuous molecular
monitoring for circulating RVA is necessary.

Keywords: Rotavirus A; genotyping; full genotype; phylogenetic analysis; genetic variants; genetic diversity; re-
assortment
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BBenenue

B Hacrosiiee BpeMs OOJBITHHCTBO KUIICYHBIX HHDEK-
IUA YCTAHOBJIICHHOM ATHOJIOTUU BBI3BIBAIOT BHUPYCHbBIE
natoreHsl. CIEKTP KHUIIEYHBIX BHUPYCOB BECbMa Pa3HO-
o0Opa3eH, HO BeIyIllee MECTO 10 3a00JIeBAEMOCTH CPEIU
nerelt 3annmaetr porasupyc A (PBA, Rotavirus A, pon
Rotavirus, cemetictBo Sedoreoviridae, nopsinox Reovi-
rales, xmacc Resentoviricetes, t™an Duplornaviricota).
Exxeromao ma nomo poraBupycHoi mH(pekunu (PBIN)
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BO BceM Mmupe npuxoautcs okojo 228 000 cmeprenb-
HBIX clydaeB, B ToM umciie mpumepHo 128 500 cpemu
neTei B Bo3pacte mo S5 met [1, 2]. HauGonpmee Opems
PBU npuxonutcs Ha IeTeH, )KUBYIUX B CTPAHAX C HU3-
KM U CPEIHUM YPOBHEM JOXOAa, OCOOCHHO H3-3a He-
OJIarOMPUATHBIX YCIOBUH KU3HHU, OTPaHHYECHHOTO CHA0-
JKEHUSl YUCTOW MUTHEBOM BOJOM M IUIOXMX CAHUTAPHBIX
ycnoBuii [3]. B Poccun, HecMOTpsl Ha €XKETOAHO yBEIH-
YUBAIOIIEECs] 4YHUCIO BaKIMHHUpPOBaHHBIX Iporus PBU
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JeTei, OXBaT BaKLMHAIMEH I1eIeBOM KOrOpThl OCTaeTcs
KpaifHe HHM3KHUM, IUISI TOTO YTOOBI OKa3aTh BIHMSHHUE Ha
snuaemudeckuit npomecc (2020 . — 3,68%; 2021 . —
6,23%; 2022 . — 7,15%; 2023 . — 12,7%) [4, 5].

OTtnruutensHON depTol poraBupycos (PB) sBrsercs
CEerMEHTUPOBaHHBIN TeHOM, cocTosmuii u3 11 cermen-
toB nByxHuTeBoi PHK B cymme miuHol okomo 18 555
HYKJICOTHIOB, KOAUPYIOMHKX 6 cTpyKTypHBIX (VP1-VP4,
VP6-VP7) u 6 nectpykrypHbIX (NSPI-NSP6) 0Gen-
KOB [6—8]. PB xapakTepu3yroTcs IIUPOKUM aHTUTC€HHBIM
1 TEeHEeTHYEeCKUM pazHoobpasneM. Hanbosee momHo oxa-
pakTepu3oBaHbl reHsl VP4 u VP7, Ha OCHOBE KOTOPBIX
C WCTIOJIb30BaHWEM OWHApHOW KIlacCH(MKAIMK Ompesie-
ns1t0T G- u P-renotunsl [9]. Ha ceromasmauii AeHb 1151
PBA wusBectno 42 G-renoruna u 58 P-renorumnos [10].
Haubonee pacrpocTpaHeHHBIMH B MHUpE, B TOM YHUCIE
B Poccun, cunrarorcs 6 komOunanuii G[P]-tumos PBA:
GI1P[8], G2P[4], G3P[8], G4P[8], G9P[8] u G12P[8],
Ha JIOJII0 KOTOPBIX NpuxoauTcs npuMmepHo 90% ciaydaes
3apaxenus PBU [11, 12]. Uucno MeHee pacnpocTpaHeH-
vbiX G[P]-BapraHTOB 3HAYNUTENHHO OOJBIE, HO OHU CO-
cTaBIsIOT Beero 4,9% cnydyaeB mHdpeknuu. Hanpuwmep,
K HAM OTHOCSITCS Takue reHotunsl, kak GIP[4], GOP[9],
GS8P[8], G2P[8], G4P[4], G3P[9] u mp. [13-16].

bunapHast cucrema kiaccuukanyu (OKyCHpyeTCs
TOJIFKO Ha cerMeHTax reHoB VP4 m VP7 u He JaeT WH-
(opmarun o pazHOOOpa3uu Apyrux resos. Ilostomy mms
Oostee TITyOOKOTO M3yUeHHS SMTUIEMHOIOTHH U ABOIIOLUT
PB Oputa mpeanokeHa cHCTeMa TOJHOTEHOMHOW Kilac-
cuUKaIus, MO3BOJSIONIAs OTHECTH KaXKIBIH CETMEHT
reHoMa BUpyca K ONpeAeseHHOMY reHotumy. [[ns omu-
CaHMA MOJHOTO TEHOTHIAa WCIOJB3YIOT 0003HadeHHE
Gx-P[x]-Ix-Rx-Cx-Mx-Ax-Nx-Tx-Ex-Hx 115 renos, xo-
mupytomux oenku VP7-VP4-VP6-VP1-VP2-VP3-NSP1-
NSP2-NSP3-NSP4-NSP5/NSP6 coorserctBeHHo [17].
OmnpeneneHue IMONHOTO TeHOTHINA OOIerdaer BBISBIIC-
HHUe penkux U HeoObrdHBIX PBA m oGecrieunBaer Gonee
TyOOKOe TTOHMMaHHUE MPOUCXOKIACHUS U PasHOOOpasus
ITAMMOB, YTO, B CBOIO OY€PEb, BAYKHO JJIS yCIEUTHOTO
IIPOrHO3UPOBAHUS AMUIEMUYECKON CUTYyallud U OICHKHU
BIUSHYS BaKIIMHOTIPOPUIAKTHKH Ha TOMYIISAIIUI0 BO30Y-
TUTEIS.

OCHOBBIBasICh Ha MOJTHOTEHOMHOM TUIIMPOBaHUHU, Cpe-
11 PBA Beiensitor 3 reHorpynnsl. Bo Bcem Mupe yacto
BeTpeuatomuecs: komomnanuu Gl, G3, G4, G9, G12
u P[8] 06bryHO accommupytorces ¢ Wa-monooHoi (1-it) re-
vorpymmoit  (G1/G3/G4/G9-P[8]-11-R1-C1-M1-A1-N1-
T1-E1-H1), umeromieit otaanenHoe poactso ¢ PB cBu-
Heit [18, 19]. Takue PB xapaktepusyroTcs «IJIMHHBIM»
npoduneM MUTpalu CETMEHTOB T'€HOMa B IOJHAKPH-
namunuom rene (ITAAT). Illrammer renoruna G2P[4],
B CBOIO oOuepenhb, OTHOcATCS K DS-1-mogoGHoM (2-i)
rerorpymme (G2-P[4]-12-R2-C2-M2-A2-N2-T2-E2-H?2),
3BOJIIOLIMOHHO CBs3aHHOH ¢ PB kpynHOro poraroro cko-
ta [17, 19]. OHU UMEIOT «KOPOTKHI» MPOQPHIL MHTpa-
MW TEHOMHBIX cerMeHTOB. CyIiecTByeT 3-s, MUHOPHASI,
AU-1-nogo6nas renorpymna (G3P[9]-13-R3-C3-M3-A3-
N3-T3-E3-H3), xoTtopas BKJIFOYAET IITAMMBI, TTOJOOHBIC
PB xomiex m cobak, XapaKTepU3YIOUNECS «IIUPOKUM»
npodmiem murpauuu cermeHToB [20, 21]. Itammsr

OPUTUHAJbHbBIE NCCNEAOBAHUA

¢ uncThiM AU-1-110100HBIM COUYETaHUEM PEAKO BCTpeya-
IOTCSl y JIFOZIeH, B TO BpeMS Kak Ooiee pacrpocTpaHeHB
BapuaHTbl co cMemmaHHbIM HabopoM AU-1-momoOHBIX
1 DS-1-nogo6HbIX TeHOB. VX MPUHATO OOBEAMHSTD B OT-
JIENBHYIO TPYIILY, IPOTOTUIIHBIM [T KOTOPOH SIBISIETCS
mramm PBA BA222 (G3-P[9]-12-R2-C2-M2-A3-N1-
T3-E2-H3), BblaeneHHbli OT JoMaliHero kota B Utanuu
B 2005 1. [22, 23].

Hanudne cerMeHTHpPOBaHHOTO FeHOMa 00YyCIOBINBAET
cniocobHocTs PB k 00MeHy cermenTaMu (peaccopTaiiim)
IIPY OTHOBPEMEHHOM HWH()HIMPOBAHUU KIETKH JIBYMS
win Gonee MmTaMMaMH, YTO MO3BOJISET T'€HaM C pa3HOM
CHEeUU(UIHOCTBIO TPYNIHPOBATLCS HE3aBHCUMO JAPYyT
OT ApyTa, TEM CaMBIM TOIJECP)KNBas pa3HOoOOpas3we B Mo-
mynanun. B Mupe Bee dariie oTMe4aroT pacipocTpaHeHne
MUAEMUYECKH 3HAUUMBIX PEACCOPTAHTHBIX IITAMMOB
PBA, xoTopsle HECYT F€HETUUECKUI MaTeprall HECKOJIb-
KHX reHorpymni [9, 24, 25].

B cBs3u ¢ 3THM, HeabI0 HAcTOSMIEH paOOThl SIBUINCH
norck HeoObr9HBIX PB Ha Tepputopun Hmxnero Hosro-
poAa M UX MOJEKYISIPHO-TeHeTHYecKas XapaKTepUCTHKa
Ha OCHOBE BCEX CETMEHTOB I€HOMA.

MaTepl/la.]'IbI H METOAbI

B pabote ncnonb3oBanu o0pasiibl CTya JAeTei, ToCIun-
TaJM3UPOBAHHBIX B AETCKUI MH(EKITMOHHBII CTallOHaAP
Hwuxnero Hosroposa ¢ cumMnroMaMu OCTpOd KUIIEYHOMN
un¢exnuu (OKN) B mepuonx 2021-2023 rr.

OKCTpakIuio0 HYKICHHOBBIX KHCJIOT W IIOCTAHOBKY
nonumepasHoil nenHoit peakuun (IILIP) c¢ ob6paTtHO#
Tpanckpunuueit (OT-TIIIP) BBIMONHAIM C TOMOIIBIO
Habopos pearentoB PUBO-npenn 1 PEBEPTA-L (Llen-
TpPaJbHBIA HAYYHO-HUCCIEAOBATEIBCKUNA HHCTUTYT JIIH-
nemuoniornn Pocmorpebnanszopa (LHIHUMD), Poccus).
Oo6napyxenne porasupycHoit PHK mpoBoammu ¢ momo-
mpto [IIP-TecT-cucteM ¢ aeTekuuen pesynbrara B pe-
anmpHOM BpeMeHu «AMmmuCenc Rotavirus/Norovirus/
Astrovirus FL» u «AmmmuCenc OKU Bupo-ckpua-FL»
(THNUUD). HJomonuurensno PHK BupycoB uccnenona-
JIM METOAOM 3JeKTpodope3a B MOTUAKPHIAMHIIHOM Te-
ne (PHK-ITAAT) [26].

G[P]-renotun PB omnpenemnsiiiu MeTOI0M MYIBTHUILICKC-
Hoit [T1IP Ha ocHOBe mpaiiMepoB, crielU(UIHBIX B OTHO-
menun renotumnioB G1-G4, G6, G8, G9, G12, P[4], P[6],
P[8], P[9] [26—-32]. leTekuuto pe3ylbTaToOB OCYIIECTBIIS-
JIM C TIOMOIIBIO eKTpodopesa B arapo3HOM Telie, Colep-
XKareM OpOMUJT STUIHS.

Jlis k010 reHa ObUT MOTy4eH OAWH (parMeHT KoM-
mnementapHoi JIHK (x/IHK) nmunoi ot 570 mo 850 map
HYKJICOTHJIOB C IIOMOIIIBIO ITPaiMepPOB, OITyOIMKOBAHHBIX
panee [32]. ®parments! k/JHK cexBeHnpoBanyu mo 18ym
HEMsIM C TIOMOIIBI0 MPSAMOTO M 00paTHOTO MpaiMepoB
Ha nipubope «Hanodop 05» (MHCTUTYT aHaIMUTHYECKOTO
npubopoctpoenus (MAIT) PAH, Poccust) ¢ npumeHeHH-
eM Habopa 11 cekBeHupoBanus BigDye Terminator v3.1
(Thermo Fisher Scientific, CIIIA). Hykneotunnsie mo-
CJIeZIOBAaTEILHOCTH AOCTYIHBI B 6a3e maHHbIX GenBank
o Homepamu PP475712-PP475777.

Ilonck poACTBEHHBIX MOCIEIOBATEIHHOCTEN BBITOTHS-
JIM C MCTIoNb30BaHueM oHnaitH-cepBrca BLAST. st mpo-
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BesleHHs1 (huoreHeTndecKkoro anaiamusa n3 GenBank Obpum
B3SThl HyKJIEOTUIHBIE MTOcIeaoBaTeNbHoCTH 11 renoB PB,
IUPKYIUPOBABIINX B Pa3HBIX CTpaHax, B TOM uncie B Poc-
cun (HoBocubupck, OmMck, MockBa), a Takxke HOCIeno-
BarenbHOCTH PB m3 Hwmxnero Hosropona, nomyueHHble
panee. Peructpannonssie Homepa GenBank 3tux mram-
MOB TIPHUBEJICHbI B HA3BaHUSX U30JIATOB Ha (PHIIOTCHETHYE-
CKUX JIEpPEBbsX. BrIpaBHUBaHME W aHAIN3 HYKICOTHIHBIX
NocJenoBaTeabHOCTeH npoBoawin B mporpamme MEGA
X Bepcust 10.0.5. dunoreHeTHYeCKUe JEPEBBS CTPOUIN
METOIOM MAaKCHMAJIBHOTO TMpapaonoxodus (Maximum
Likelihood) [33, 34]. Bootstrap-anaim3 oCyIIecTBISUIA Ha
ocHoBe 1000 ciryuaitapix BbIOOpOK. IIpoIieHTHI cXxomcTBa
HYKJICOTHIHBIX TOCTIEIOBATeIBHOCTEH OBLIM paccuuTa-
HBI METOIOM MonapHbIX auctanimii (Pairwise Distances).
[puHaaIEKHOCTh M3yYaeMbIX MITAMMOB K (DHIIOTCHETH-
YECKUM JIMHUSAM W CYyONUMHHMSAM OIpEACSUTH Ha OCHOBE
KJIaCTEePU3allMN H30JIITOB Ha (PUIOTEHETHYECKHX HAepe-
BBSIX C MHJIEKCOM TIOJVIEPXKKH y3JI0B OoJiee 75 U BEICOKOTO
YPOBHSI CXOIICTBA HYKJICOTHIHBIX IMOCIEIOBATEIHHOCTEH
(98,5-100,0% mgns pazHeix reHOB). DHIOTEHETHYECKHUE
JIMHUH ¥ CyONMMHUM 0003HAYali COTNIACHO IIPHHSATOH B JIH-
Teparype kiaccudukarmm [32, 35-40].

HccnenoBanne mpoBOAWIOCH MPH TOOPOBOIBHOM HH-
(hOpMHPOBAaHHOM COTJIACHH MAIIEHTOB.

[IpoTtokon uccnemxoBanus ogoOpeH JIOKaIbHBIM 3THYC-
ckum komureroM @BYH «Huxeroponckuit HUU snune-
MUOJIOTUU U MUKpoOHonoruu uM. akagemuka W.H. Bio-
xuHON» DenepanpHON ciayxk0bl 1O Ham30py B cdepe
3alIMTHI TIpaB MOTpeOuTeNne U OIaromnoaydus 4eaoBeKa
(Pocmorpednanzop) (IIporoxon Ne 6 ot 24.03.2021).

PesyabTarsl

Xapaxmepucmuxa cnekmpa G[PJ-cenomunoe PBA
¢ Huowcnem Hoeszopooe

Ha nanmume poraBupycHoit PHK Opuio uccnemo-
BaHO 3715 o0pa3moB cTyma JAeTel, TOCHUTATU3HPO-
BaHHBIX B WH(QCKIMOHHBIN CTAIMOHAP C CHMITOMAaMU

JApyrue/
Others
26,8%
G3P[8]
59,5%
G2P[4]
1,6%
G1P[8] —
1,3%
-/
GIP[8]
10,8%

Puc. 1. Pactipenenenue mrammoB PBA ocHoBHbIX G[P]-renorunos
B Hmxuem Hosropone B ce3on 2021-2023 rT. (B %).

Fig. 1. Distribution of RVA strains of the main G[P]-genotypes in
Nizhny Novgorod in the season 2021-2023 (in %).
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ocTporo ractpo’HTeputa B mnepuon 2021-2023 rr.
B 1085 ciygasx (29,2%) 6sima obHapyxena PHK PB,
KOTOpYIO B JajbpHeimeM ucmnons3oanu nis G/[P]-re-
HoTunupoBanus metogoM OT-IILP w/unu cexBeHH-
poBanus. B 792 o6pasmax (72,9%) Ol ompeneneH
G[P]-renorun PB. B 192 o6pasnax (17,7%) Obu1 ga-
CTUYHO ycraHoBleH G- mubo P-reHorum. Pesynbra-
THl TEHOTHUIUPOBAHUS, IPOBEICHHOTO MO JBYM T'eHaM
(VP4 u VP7), nokazanu, uro PBA, mupkynupyromme
Ha tepputopun Hwuxnero HoBropoma, xapaxrtepu-
30BaJINCh BBICOKUM pa3HooOpaszuem. CHEKTp HICH-
tudunupoBanubix metogoMm IIIP G-renorunos PB
BKJIOYall 4 MUPOKO pacnpocTpaHeHHbIX B mupe (G,
G2, G3 u G9), u 2 penxux mans Poccunm (G6 u GS).
Hab6op P-renorunos Bkitogan 4 Tuma, cpeiu KOTOPBIX
oK yacTo BeTpevarommuecs P[4], P[8] u penkue P[6]
u P[9]. Bcero 65110 00Hapy)keno 11 G/P-komOuHammii:
mupoko pacrnpoctpanennsie G3P[8], GOP[8], G2P[4],
G1P[8], a Takxke penkue G8P[8], G3P[9], GIP[4],
G3P[6], G2P[8], G6P[9] u G3P[4] (puc. 1).

JIOMUHUPYIOIIYIO NO3ULMIO B U3y4aeMblil IIepUoy 3a-
HuManu mwrammsel reotuna G3P[8] (59,5%), 3a uum cre-
mosaru mrramMMel reroturia G9P[8] (10,8%). st ocTans-
HBIX TEHOTHUIIOB OBIIT MOKa3aH HU3KUH TOJIEBOW BKIIAL:
GoP[4] — 2,1%, GIP[8] — 1,3%, G2P[4] - 1,6%,
G3P[4]-1,3%,G8P[8]-1,1%,G3P[6]-0,8%,G3P[9]-1,0%,
G2P[8] — 0,8%, G6P[9] — 0,1%.

Buissenenue peaccopmanmmuuix pomaeupycoe
U yCcmanogjieHue ux noaiHbIX 2eHOMUNO08

B xonme m3yuenns PBA-comepskamux oOpa3ioB MeTo-
noMm PHK-ITAAT Obutr BBISIBIIEHBI 6 MITaMMOB (2 IITaM-
Mma reHotuna G2P[4] u 4 — G3P[9]), koTopble UMEIH TaK
Ha3piBaeMble «mpokue» (AU-1-mogo0ubIe) mpodumu
MUTpali TeHOMHBIX cerMeHTOB B ITAAIT (MemnenHO
MUTPUPYIOIIHN 5-H CETMEHT, OBICTPO MUTPHUPYIOIINE 6-i
u 11-i cermenTsI) (pHC. 2).

[ITamMbl ObTH cekBeHHpoBaHBI 1o 11 renam (VPI-
VP4, VP6, VP7, NSP1-NSP5/6), 4T0 IO3BOJIUJIO OTIpee-
JTUTh UX nosiHble reHotunsl: G2-P[4]-12-R2-C2-M2-A3-
N2-T3-E2-H3, G2-P[4]-12-R2-C2-M2-A3-N2-T3-E3-H2
nu G3-P[9]-12-R2-C2-M2-A3-N2-T3-E3-H3. Hccneny-
eMBIe IITAMMBI MMETH CMCIIaHHBI Ha0Op T€HOB IBYX
pasHbIX reHorpynn — DS-1-mogoOHON (TeHOTHIBI 1MOJ
HoMepoM 2) u AU-1-momoOHO#M (TeHOTHIBI O] HOMe-
poM 3), UTO CBHUICTEILCTBYET 00 HX PeaccoOpTaHTHOM
MIPOUCXOXKICHUH.

Dunozenemuueckuili AHAIU3 pomaeupycoe Ha OCHoege
6CeX CE€2MEHmMOo6 ceHoma

Jdns n3ydeHWs (QUIOTCHETHYECKUX B3aMMOOTHOIIIE-
auii 6 BeisBIeHHBIX PB renorumor G2P[4] u G3P[9]
OBUIH HCIIONB30BaHBl HYKICOTUIHBIE TIOCIEIOBATEIHHO-
ctd 11 reHoB. PUIOreHETUUECKUM aHAIU3 TTO3BOJINI U3-
YYUTH BHYTPUTEHOTHIIOBOE Pa3HOOOpa3me NCCIIeTyeMbIX
ITAMMOB Ha YPOBHE TUHUHA U CyONUHUN. ATaNTHPOBAH-
HbIE JIepEeBbA MOKa3aHbl HA pUc. 3, 4.

[lo xaxaoMy TreHy HCClieTyeMble ITaMMBI BXOIWIIH
B coctaB | mnu 2 knactepoB. Hanbonbiee paznoodbpasue
nokaszanu reusl VP4, VP7, NSP4 v NSP5/6 (Tadauua).
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LImammpl, no0o6HbIE KOUWaubemy pomasupycy BA222

BrisiBnennasie B 1aHHON pabore 4 mraMma reHOTHIA
G3P[9] orHOcuimch k rpymme PB, momoOHBIX IITam-
My BA222, BBIIENIEHHOMY OT KOIIKH. OTH IUTaMMBbl
(2853721, 2885/21, 347/22 u 2619/21) ObuH CXOMHBI
o 9 renam (VPI-VP4,VP6, VP7, NSP1, NSP3, NSP5/6)
¢ IpoTOTUNHBIM mTaMMoM PBA BA222, Ho omiuyanuce
ot Hero reHamu NSP2 u NSP4, xotopsle o0naganu apy-
rumu reHotunamu. Hanbonpmmii ypoBeHb CXOICTBA HY-
KJICOTHIHBIX TOCIIeIOBaTeIbHOCTEH OBUT yCTaHOBIIEH
nnsrenoB VP2, VP3, VP7, NSP1, NSP3, NSP5/6 u cocra-
Bu1 98,7-100,0%. s renoB VPI, VP4 u VP6 noka3aH
0oiee HU3KHIA yPOBEHH roMoJioruu — 96,3-98,1%.

Tak>ke MccaenyemMple MTaMMBbl OBLTH POJCTBEHHBI HU-
)keropoackum BA222-nmono6usiM PB renotunos G3P[9]
(NN148/17, NN2748/18) u G6P[9] (NN1061-16), BbIsB-
neHHbIM paHee, B 20162018 rr. C uzonstamu reHotuna
G3P[9] (NN148/17 u NN2748/18) uccnenyemsbie ITam-
MBI UMEJH BBICOKHI1 yPOBEHb TOMOJIOTUH HYKJIGOTHIHBIX
rocaenoBatebHOCTel 110 BeceM 11 renam (99,1-100,0%).
Co mrammoM renoruna GO6P[9] (NN1061/16) Obl-
J0 TOoKa3aHO HawOojee ONM3KOE POACTBO MO 8 reHaMm
(VP1-VP4,NSPI-NSP3,NSP5/6) c ypoBHEM HACHTHYHO-
CTH HYKJICOTHIHBIX TIocniefioBarenbHocTel 98,7—100,0%.
s rera VP6 ycTaHOBIIGH 0ojiee HU3KHA YPOBEHB CXOJI-
ctBa (96,0%). I'ens VP7 u NSP4 uMmenu qpyToi TeHOTHUII.

Hemunuunvie wmammor eenomuna G2P[4]

BrisBiennsie B HacTosme pabote nBa mramma PBA
rerotuna G2P[4] (1473/21 u 2924/21) umenu cMelan-
HBIH HAaOOp TeHoB. OHU Hecmu BA222-momo0HY0 OCHO-
BY, B TO BpeMs Kak reHsl VP4, VP7 1 B OIHOM cllydae
rer NSP5/6 OblH TIOIyYeHBI B pe3yJIbTaTe peacCopTalun
OT THUIUYHBIX mpenctaButenedi DS-1-mogo0HON TreHo-
[PYIIIIBL

Hawubonee OIM3KOPOACTBEHHBIMU TIO JAMBEPreHTHBIM
reHam (VP4, VP7 u B ogHoM ciydae NSP5/6) sBunuck
mrammbl reHoruna G2P[4] u3 Hwxuero Hosropoaa,
BeUsiBICHHBIE paHee B 2018 . (NN560/18, NN96/18
1 NN425/18). YpoBeHb CXOICTBA HYKJICOTUIHBIX ITOCIIE-
JIOBATEIIEHOCTEW TPU 3TOM OBUT JTOBOJIHHO BBICOK M CO-
craBuia 98,7-99,9%.

[To ocrameEbM TeHam (VPI-VP3, VP6, NSPI-
NSP5/6) nccnemyeMple MTaMMBl UMETH OIM3KOE PO-
ctBO ¢ BA222-nono6Hoii rpynmnoi PB. HenocpencteeH-
HO ¢ TpoToTHIHEIM BA222 o6pasust 1473/21 u 2924/21
ObuH Hambollee pONCTBEHHHBI 1Mo 3 reHam: VP2, NSP3,
NSP4wn VP2, VP3, NSP3 cootBeTcTBeHHO. CXOICTBO HY-
KIJICOTUTHBIX TTOCIIEAOBATEILHOCTEH B CITyYae 3TUX TCHOB
pocturaio 98,6-99,8%, B TO BpeMs Kak JUIsl OCTalIbHBIX
reHoB ObLIO HIbKE — 95,2-97,6%.

Taxoke ObIIIa YCTAaHOBJICHA POJCTBCHHAS CBS3b HCCIIC-
Iyembix mTamMmoB resotuna G2P[4] ¢ Huxeropoackumu
PB renotunos G3P[9]u G6P[9] (NN1061/16, NN148/17,
NN2748/18), BeIIBICHHBIMH paHee, 1o BceM BA222-mo-
MOoOHBIM TeHaM. Tak, mcciemyeMbrii mramm 1473/21
pasnensul HauOoJblnee koandecTBo reHoB (8 u3 11) co
mrammoM NN148/17 (G3P[9]) (VPI-VP3, VP6, NSPI1—
NSP3, NSP5/6), neMOHCTpupyd TIPH 3TOM BBICOKYIO
UACHTUYHOCTh HYKIJICOTHUIHBIX MOCJIEIOBATEIBHOCTEH —

OPUTUHAJbHbBIE NCCNEAOBAHUA

Puc. 2. llpodumu murpanmu cermenToB tHPHK tiunnaHeIX mpen-
craBureneil DS-1-/Wa-1mogoOHbIX pOTaBUPYCOB U HCCIIETYEMBIX
mrammoB renotumnioB G2P[4] u G3P[9] B [TAAT.

* — HEOOBITHOE MOJIOXKEHHE CerMEHTa OTHOCUTEINILHO THIIMYHBIX IIPEeJICTaBU-
teseit DS- 1 Wa-notoGHbIX reHorpyrmit.

Fig. 2. Migration profiles of dsRNA segments of typical
representatives of DS-1-/Wa-like rotaviruses and studied strains of
genotypes G2P[4] and G3P[9] in PAGE.

* — an unusual position of the segment relative to typical representatives of
DS- and Wa-like gene groups.

99,1-99,9%. Co mrammom NNI1061/16 (G6P[9])
oH pasgensn 7 rtenoB (VPI-VP3, NSP2-NSP5/6)
C YPOBHEM CXOJICTBA HYKJICOTHIHBIX IOCIIEIOBATCIHHO-
creit 98,6-99,8%. I1aTh TeHOB OBUIM POICTBEHHBI TAKO-
BbIM y mtamma NN2748/18 (G3P[9]) (VP1, VP2, VP6,
NSP2, NSP3). I'omonorus ux HyKJICOTHIHBIX TTOCIICIOBA-
TenpHOCTEHN cocTaBuna 98,7-99,7%.

AHanoruuno, mramMmm 2924/21 umen TecHoe Quiiore-
HETHYECKoe poncTBo co mrammoM NN148/17 (G3P[9])
mo 8 renam (VPI-VP3, VP6, NSPI-NSP4), neMoHCTpU-
pys BBICOKYIO HJCHTUYHOCTh HYKICOTHIHBIX MOCIEI0-
BarenbHOCTER — 98,8-99,8%. Co mrammom NN2748/18
(G3P[9]) oH pazmensin 6 renoB (VPI-VP3, VP6, NSP2,
NSP3) ¢ ypoBaem romonoruu 98,5-99,5%. B cnyuae
mramma NN1061/16 (G6P[9]) mokazano Onm3koe pon-
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Ta6muua. ['eHOMHBIE KOHCTEIUIANNHY poTaBupycoB Hmkaero HoBropona Ha ypoBHE CyOTeHOTHIIOB

Table. Subgenotype-level genomic constellations of rotaviruses from Nizhny Novgorod

Ne LITammbl/ CermenTsl renoma / Genome segments
) Strains VP7 | VP4 | VP6 VPI VP2 VP3 NSP1 NSP2 NSP3 NSP4 NSP5/6

IlITammel, moxooHbie PB komnek / Feline-like strains

1 BA222 G3-3-¢ P[9] [2-XIV ~ R2-XIII C2-IX M2-XI A3 N1 T3 E2-XVII H3

2 NNI1061/16 G6-1 P[9] [2-XIV ~ R2-XIII C2-IX M2-XI A3 N2-XVI T3 E2-XVII H3

3 NN148/17 G3-3-¢ P[9] [2-XIV ~ R2-XIII C2-IX M2-X1 A3 N2-XVI T3 E3 H3

4 NN2748/18  G3-3-e P[9] 12-XIV ~ R2-XIII C2-IX M2-X1 A3 N2-XVI T3 E3 H3
Tunuunsie Ds-1-nonodusie mrammsl / Typical DS-1-like strains

5  NNO96/18 G2-IVa-3  P[4]-IV-b  12-V-1 R2-V-1 C2-IVa-1 M2-VII A2-IVa-1 N2-V-1 T2-V-1 E2-VI  H2-IVa-1

6  NN425/18  G2-IVa-3 P[4]-IV-b 12-V-1 R2-V-1 C2-IVa-1 M2-VII A2-IVa-1 N2-V-1 T2-V-1 E2-VI  H2-IVa-1

7  NN437/18  G2-IVa-1 P[4]-IV-b 12-V-1 R2-V-1 C2-IVa-1 M2-VII A2-IVa-1 N2-V-1 T2-V-1 E2-VI  H2-IVa-1

8  NN560/18 G2-IVa-2 P[4]-IV-a 12-V-2 R2-V-2 C2-IVa-2  M2-V  A2-IVa-2 N2-V-2 T2-V-2 E2-VII H2-IVa-2
ITamMmbl, IOJTyYeHHBIe B AaHHOM padoTe / Strains obtained in this work

9  2853/21 G3-3-¢ P[9] [2-XIV ~ R2-XIIL C2-IX M2-X1 A3 N2-XVI T3 E3 H3

10 2885/21 G3-3-e P[9] 12-XIV ~ R2-XIII C2-1X M2-X1 A3 N2-XVI T3 E3 H3

11 347/22 G3-3-e P[9] [2-XIV ~ R2-XIII C2-IX M2-XI A3 N2-XVI T3 E3 H3

12 2619/22 G3-3-e P[9] 2-XIV ~ R2-XIII C2-IX M2-XI A3 N2-XVI T3 E3 H3

13 1473/21 G2-IVa-3  P[4]-IV  12-XIV  R2-XIII C2-IX M2-X1 A3 N2-XVI T3 E2-XVIL H3

14 2924/21 G2-1Va-3  P[4]-1IV  12-XIV ~ R2-XIII C2-IX M2-X1 A3 N2-XVI T3 E3 H2-IVa

IIpumeuanue. Viccnenyemple ITaMMBbI BbLACIEHBI )KUPHBIM pupToM. KpacHbM nBeToM otMedeHsl DS-1-nogo0Hble amutenu, ronyosiv — avtenu PB

KOIIIEK, 3eJIEHBIM — Wa-110100HbIE aljIesIn.

Note. The studied strains are highlighted in bold. DS-1-like alleles are marked in red, alleles of RV cats are blue, and Wa-like alleles are green.

ctBo 1o 5 renam (VPI-VP3, NSP2, NSP3) c BBICOKUM
YPOBHEM CXOJACTBAa HYKJICOTHIHBIX IOCIEAOBATCIBHO-
creit — 99,1-99,8%.

Oocy:xaeHue

B mHacrosmer pabore qaHa XapaKTepHCTHKAa pa3HO-
oOpaszust reHotunoB PBA, mupkynupoBasmx B Hxaem
Hogropozne B 2021-2023 rr. Cniektp nipeactasies 11 tu-
namu ¢ nomuaupoBanneM G3P[8] (59,5%), 3a koTopbIM
caemoan G9P[8] (10,8%). K uronto 2021 1. oTmMeuanoch
CHWXeHHUe 10oyu TeHoTurioB G9P[8] B HMXKEropoIcKoi mo-
nyssiuu PB, ¢ mocnenytonieit cMeHoi JJOMUHUPYIOIIETO
renotuna Ha G3P[8] B mrone 2021 r. [41]. [TomyueHHbIC
CBEJICHUS CITY)KaT JOMOJHEHHEM K MH(pOPMAIMU O TeHe-
THUYECKHX TepecTpoiikax B nomyisanun PB B mporiecce mx
MHoOTroJIeTHeH pKyssinun B Hrkaem Hosropone, Habmro-
JIEHUsI 32 KOTOphIMU BeayTcs ¢ 1984 1. [13, 26, 32, 40—44].

[IpencraBieHHbIE pe3ynbTaThl TAKXKe JOTONHSIIOT HMe-
FOIIUECS] TAHHBIE O TEHOTUIIOBOI CTPYKTYPE MOMYIISIINI
PB na Teppuropun Poccuu. 1o naHHbIM pedepeHc-1eH-
Tpa o MoHutopunry OKW, B 3uMHe-BeCEHHMH Iepu-
on 2021 r. Ha Tepputopuu Poccuiickoit ®eneparun (Mo-
ckoBckast, Tomckas, UpkyTtckas, CBepuioBckas, HoBocu-
oupckas obnactu, PecmyOnuka Jarectan, XabapoBCKuii
Kpaif, Kamuarckuii kpaif) coxpaHsuIoCh JOMHUHHUPOBAHNE
reHotumna G9P[8], Ho y»ke 0TMeuanoch MOCTENEHHOE BO3-
pacranue nonu renoruna G3P[8]. B 2022 . npousomwno
3HAYUTEIHHOE YMEHBIICHHE YacTOTHl BCTPEYAEMOCTH
reHotumna G9P[8] u mokazaHo MpeBAITUPOBAHHUE B ITUPKY-
nsauuud Ha tepputopun Poccuiickonn denepanuu PB re-
Horuna G3P[8], kotopoe coxpanmnocs u B 2023 1. [4, 5].
[pencrasnenHast vHGOPMALIUS COTNIACYETCS C TAaHHBIMU,
MOJTYYEeHHBIMH B HACTOAIIEH padoTe.
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PB renoruna G3 rena VP7 061anatoT IIUPOKUM CIICK-
TPOM XO35€B ¥ BCTPEYAIOTCS Y OOJNBIIMHCTBA BOCTIPUIM-
YUBBIX BUJIOB )KHBOTHBIX (BKITIOUAS YEIIOBEKA, KPOJIHKOB,
00€e3bsH, CBUHEH, IITHUII, KOIIIEK, COOAK, JIOIIaIeH, MbIIICH,
KOpOB W sTHAT) [7, 45, 46]. YV PB denoBeka oH B 00JIb-
IIMHCTBE CIy4aeB acCOLMUPOBaH ¢ reHotunoM P[8] rena
VP4, HO pexe BCTPEYaeTcss B COYETAHUU C F€HOTHUIIOM
P[9] [47-49]. KomOunamus G3P[9] pacnpocTpaHeHa
B ocHOBHOM y PB komek u cobax [50], Ho O6maromaps pe-
accopTanuy, MTaMMbl, Togo0HbIe PB XMBOTHBIX, MOTYT
BCcTpedaThes y uenoBeka [51]. Brnepseie PBA reHorumna
G3P[9] Obun 0OHapYkeHHI y uenoBeka B 1982 r. B Smo-
Huu 1 M3pawnne [17, 22, 52]. [lo3gaee ux mosBicHUE ObI-
70 3apeructpupoBano B Tawnanne u Mcnanuum [53-59].
Ha tepputopun Huxuero Hosropoma mrammer G3P[9]
AMU30AUYECKN HaOmonanucy B momymsimuu ¢ 1984 T
B panHuX uccnenoBaHUsIX OHU U3y4aJUCh HA OCHOBE OT-
TIENBHO B3ATHIX TeHOB (VP4, VP6, VP7, NSP4) [60, 61],
IIepPBOE M3yUYCHIE JAHHBIX IITAMMOB HAa OCHOBE BCEX CET-
MEHTOB TeHoMa ObL10 TipoBesieHo B 2023 1. [40].

PB G3P[9] ciopamudecku 00HapyKUBAIOTCS Y JTFOICH,
o0pa3ysi OTHENBbHYIO TEHOTPYIITY, TEHETHIECKH 000CO-
oneHnyto ot Wa-nogo6HbIX U DS-1-110100HBIX BUPYCOB
[49, 59, 62—64]. Ins gemoBeueckoro G3P[9] mokazana
BO3MOXKHOCTH CYIIECTBOBAaHHS KaK MHHHMYM 8 pa3HBIX
koMOMHanui monHbIX TeHoTunos: G3-P[9]-13-R3-C3-
M3-A3-N3-T3-E3-H3 [9, 17], G3-P[9]-I3-R3-C3-M3-
A3-N3-T3-E3-H6 [16, 22, 51], G3-P[9]-12-R2-C2-M2-
A3-N2-T1-E2-H3 [46, 52], G3-P[9]-12-R2-C2-M2-A3-
N1-T6-E2-H3, G3-P[9]-12-R2-C2-M2-A3-N2-T6-E2-H3
[65], G3-P[9]-12-R2-C2-M2-A3-N1-T3-E2-H3 [66, 67],
G3-P[9]-I3-R3-C2-M3-A3-N1-T6-E3-H3 [68, 69] u G3-
P[9]-12-R2-C2-M2-A3-N2-T3-E3-H3 [68, 70]. WHTe-
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Puc. 3. OunoreHeTnyeckue AepeBbs, TOCTPOCSHHBIE Ha OCHOBE HYKJIEOTH IHBIX MOCIIEI0OBATeIbHOCTE CTPYKTYpHBIX TeHOB (VPI-VP4, VP6, VP7)
ITaMMOB poTaBupyca A.

B — MITaMMBI, HOJTy9eHHBIE B JaHHOH paboTe; O — HIDKETOpOACKHE MTaMMEL, B3aThle 3 GenBank.
Fig. 3. Phylogenetic trees based on nucleotide sequences structural genes (VPI-VP4, VP6, VP7) of rotavirus strains A.
B — strains obtained in this work; © — Nizhny Novgorod strains retrieved from GenBank.
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Puc. 4. Ouorenernyeckre qepeBbsi, IOCTPOCHHBIE HA OCHOBE HYKJICOTHIHBIX IOCIIEIOBAaTEILHOCTEH
HECTPYKTYpHBIX TeHOB (NSP/—NSP5/6) mramMMoB potaBupyca A.

B — [ITaMMBl, TIOJIy4€HHBIE B JAaHHOH padoTe; O — HIKEropoJICKHe ITaMMbl, B3sThie 13 GenBank.
Fig. 4. Phylogenetic trees based on nucleotide sequences: nonstructural genes (NSP/-NSP5/6) of rotavirus strains A.

B — strains obtained in this work; 0 — Nizhny Novgorod strains retrieved from GenBank.
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pecHo, uto red NSPI Bcex mrammoB G3P[9] )xuBoTHOTO
7 YEJIOBEYECKOTO MPOUCXOXKICHUS HEM3MEHHO 00amaeT
reHOTHIIOM A3, TO BpeMs KaK TeHOTHIT OCTaIbHBIX TEHOB
MoXkeT BapbupoBath (VP6 — 12/13; VPI — R2/R3; VP2 —
C2/C3; VP3 — M2/M3; NSP2 — N1/N2/N3; NSP3 - T1/
T3/T6; NSP4 — E2/E3; NSP5/6 — H3/H6).

BrlsiBIIeHHBIE M HCCIIEIOBaHHBIE B HacToslield pado-
te PBA G3P[9] obmamamu koMOWHANWEH TEHOTHIIOB
G3-P[9]-12-R2-C2-M2-A3-N2-T3-E3-H3.  ®wunorene-
TUYECKUI aHaJIU3 MOKa3all, YTO OHU pa3iessuid 9 reHoB
(VPI-VP4, VP6, VP7, NSP1, NSP3, NSP5/6) c koma-
gysuM PB BA222 (Uramus, 2005 r). Y3 Hux rensr VP2,
VP3, VP7, NSPI, NSP3 nu NSP5 uMmenu BBICOKHI TPO-
[IEHT WICHTHYHOCTH HYKJICOTHUIHBIX IMOCIIEIOBATEIHLHO-
creit (98,7-100,0%), a VPI, VP4 u VP6 — 6onee HU3KUH
(96,3-98,1%). Hmkeroponckue MTaMMbl OTJIHYAIUCH
ot tunoBoro BA222 renamu NSP2 u NSP4, xoTopsie 00-
Jafany IpyruMU TeHOTUTIAMHU.

[TomyueHHble pe3ynbTaThl MOKA3bIBAIOT OMU3KOE POA-
CTBO HccienoBaHHBIX PB ¢ Gomee paHHMMHU mITaMMaMu
renotuna G3P[9] u3 Hmxuero Hosropoma. B mepu-
on 20162018 rr. ObUIM BBIABICHBLI U UCCIENOBAHBI HA
OCHOBE BCEX CETMEHTOB T'€HOMA 3 aHAJIOTUYHBIX IITaMMa
PBA renotruna G3P[9] [40]. IX HyKJI€OTHIHBIEC MOCIE-
JIOBaTeIbHOCTH UCIIOJIL30BAIIUCH ISl IPOBEICHUS (BHIIO-
TEeHETUIECKOTO aHaJIM3a B HacTosImel padore. CXoacTBO
HIDKeTopoackux mTamMMoB G3P[9] pa3HbIX J€eT cocTaBu-
710 7151 pa3HbIX TeHoB 99,7—-100,0%.

MexrpynnoBbsie peaccopTanTbl Ha ocHoBe BA222-mo-
NOOHOI KOMOMHAaLMU paHee BCTpedaluCh HAa TEPPHUTO-
puu FOxnoit Kopeu. S. Jeong u coabt. (2014) B cBoeii
pabote uccnenoBamm PBA renoruna G3P[9], BeineneH-
HbI# B 2012 1. OT HEBaKIIMHUPOBAHHOM 9-J1eTHEH IeBOYKU
C CHUMIITOMaMHU TSDKEJIOro ractposnrepura. Vccnenye-
MbIi mtamMM umen resotun G3-P[9]-12-R2-C2-M2-A3-
N2-T3-E3-H3. ®ujoreHeTHYEeCKHMi aHalIW3 II0Ka3all,
4yTO OH pazaensn 9 renos (VPI-VP4, VP6, VP7, NSPI,
NSP3, NSP5/6) c mporotuniaeiM BA222, ¢ pa3HbIM ypoB-
HEM CXOJCTBAa HYKICOTHUIHBIX IOCIIEIOBATEIFHOCTEH.
ITo reny NSP2 Obula yCTaHOBJIEHA KJIACTEpU3AILIMS HC-
CJIETyeMBIX IMTaMMOB C TUOUYHBIMH DS-1-m1omo0HBIMEI
PB uenoseka, a s NSP4 — ¢ aBCTPaIUiICKUM I TaMMOM
PBA xomiek u cobak. DTOT MITaMM HUMEN CI0KHOE IBO-
JIOIMOHHOE TIPOUCXOXKICHUE, TIOTCHINATHHO BKITIOUAIO-
mee coObIThs peaccopTannu Mexay PB xomek n DS-1-
nono6HbIx PBA uenosexka [70].

AHaJOTHYHBIC TaHHBIE OBUTH ITONyYEHBI TPYTIION HC-
cienoareneit u3 Kurtas. M. Cao u coast. B 2023 1. uc-
ciaenoBanu 2 mrtamMma reHoruna G3P[9], BelaeneHHbIE
B 2020 u 2023 rT. oT 12-MecsuHOM 1eBOYKU U 16-Mecsd-
HOTO MaJbuMKa COOTBETCTBEHHO. O0a mTamMma uMenu
koMmOuHanu reHotunoB: G3-P[9]-12-R2-C2-M2-A3-
N2-T3-E3-H3. ®unoreHeTH4ecKUid aHaliu3 YCTaHOBWII,
4yTto 00a uccnenyemsix PBA pasnensnu 8 reroB (VPI-
VP4, VP7, NSP1, NSP3 u NSP4) c PBA, nono6asimu PB
KOIIIEK B CO0AK, C Pa3HBIM YPOBHEM CXOACTBA HYKICOTHI-
HBIX TocienoBarenbHocTed (99,3-99,6%). Ocrapmme-
cs 3 rena (VP6, NSP2 v NSP5/6) Obln CBSI3aHBI C THITHY-
veiME DS-1-momo6ueiMu PB gemoseka (99,3-100,0%)
[68].

OPUTUHAJbHbBIE NCCNEAOBAHUA

B npoBeneHHOM uCClieI0BaHUM MOKa3aHa LUPKYIALNS
HEOOBIYHBIX IITAMMOB, KOTOPBIE MMENU TreHOTHUIHl G2-
P[4]-12-R2-C2-M2-A3-N2-T3-E2-H3 u G2-P[4]-12-R2-
C2-M2-A3-N2-T3-E3-H2. I'ennt VPI-VP3, VP6, NSPI,
NSP3-NSP5/6 onuoro u3 uux u VPI-VP3, VP6, NSP1,
NSP3, NSP4 BToporo ObIIM CBS3aHBI C IPOTOTHITHBIM
mrammoMm BA222 PBA (Utanus, 2005 1.). OctanbHble
reHsl (a uMeHHo VP4, VP7 u B ciaydae OTHOTO ITaMMa
NSP5/6) mpousonuin oT yenoBedeckux DS-1-momo6HbIx
mramMMoB reHotuna G2P[4]. llltamMMBI ¢ Takoi KOMOWHA-
e TEeHOTUTIOB OBLIN BBISBICHBI M OXapaKTEPU30BAHEI
C MOMOIIBIO CEKBEHHPOBAaHUSI BCEX CETMEHTOB I€HOMa
BriepBeie. B Poccuu 1 B MUpe cOOOIICHUH O BBISBICHUU
aHanoruyHeix wraMMoB G2P[4] paHee He OTMEYEHO.
ITo Bcem renam, kak mo BA222, tak u mo DS-1-mogo0OHbIM,
JTAaHHBIE MITaMMBbl MUMETH ONMKANIINX POICTBEHHHUKOB
3 Huwxuero HoBropoaa, 4to mo3BossieT NpeanoioKuTh
UX JIOKAIEHOE IIPOUCXOXKICHHUE.

PeaccopTanTHble  IITaMMBI, OXapaKTE€PU30BaHHBIE
B JIaHHO# paboTe, He MOTITN OBITH BHISIBIICHBI C IIOMOIIIHIO
G/[P]-renotunuposanus merogom I11[P, koropoe pyTun-
HO ucnomb3yercs ans uzydenus PB. Dto nmomuepkuBaer
BaXHOCTh MPUMEHEHHS TTOJTHOTCHOMHOHN CHCTEMBI KJ1ac-
cHU(UKAIIUA U COBPEMEHHBIX METOAOB CEKBEHHUPOBAHUS
JUTSI MOHUTOPUHTA IIUPKYIISAIIHA 3TOTO BO3OYIUTEIIS.

3akJ/roueHue

Pe3ynbraThl HccneqoBaHUS B COBOKYIHOCTH C IOJY-
YEHHBIMHU paHee JaHHBIMHU PACIIMPAIOT NPEACTABICHHE
0 3HAYUTENHHOM T€HEeTHYEeCKOM pa3HoobOpasuu PB u po-
JI peaccopTaHTOB B €ro MoAJepaHuu. JTa HH(popMa-
LKA Ba)KHA JUISL CO3JJaHUSI HOBBIX POTABUPYCHBIX BaKILKH,
MIOHUMaHUS SBOJIOLMOHHBIX IPOLIECCOB B MOMYJSLUU
PBA u yka3plBaeT Ha aKTyaJbHOCTb U3y4Y€HHS T€HETU-
YECKOH 3BOJIOLMU PEJIKUX U HOBBIX IITAMMOB BHPYCOB.
JJ1st KOHTPOJIS TTOSBIICHUS HOBBIX BAPHAHTOB HEOOXOAUM
MOCTOSIHHBIN MOJIEKYJISPHBIA MOHUTOPUHT HUPKYIUPYIO-
umx PBA ¢ ucnonb3oBaHreM MOJTHOT€HOMHOM KilaccH-
(bukamm.
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Pe3tome

AkTyanbHocTb. Bupyc rpunna tuna «A» (ganee — Bupyc rpunna A) oTHocuTcst k cemenctsy Orthomyxoviridae n
XapakTepusyeTcsl CerMeHTUpoBaHHbIM ogHouenoveyHbiM PHK-reHomom. Takas opraHm3aums reHoma Bupyca o6-
yCNoBMMBaeT BO3MOXHOCTb peaccopTauuu, KoTopas MOXET NPUBOANUTL K MOSIBIEHNIO HOBbIX BAPUAHTOB BUpYCa.
OCHOBHbIM eCTeCTBEHHbIM pe3epByapoM GonbLUMHCTBa Cy6TUNOB BMpyca rpunna A AaBnaTCa Avkue Bogonaea-
towme nTulbl. Ce30HHbIE MUrpaLmmn cobrparoT BOAOMNNAaBAOLWMX NTUL, CO BCEX OCHOBHBIX MUIPALMOHHbLIX MyTeWn
B paloHbl rHe3foBaHus okono CeeepHOro M KOXHOro NonsipHbIX KPyroB. STO AenaeT BO3MOXHbLIM MEXKOHTUHEH-
TanbHoe pacnpocTpaHeHne cybTunos Bupyca rpunna A. HabniogeHue 3a passuTem NTUYbLEro rpunna, ocobeH-
HO Ha TeppPUTOPUSIX, paHee N30NNPOBAHHBLIX OT YErI0BEYECKON AEATENbHOCTU, KakuM SBRseTcs AHTapKTUYeCcKui
pervioH, nmeet 6onbLUoe 3HaYeHue.

Llenb nccnepoBaHnsa — npoBedeHNe MONeKynspHO-reHeTMYECKOro MOHUTOPUHIA U U3yYeHne UnoreHeTU4eckmnx
CBfi3el BapMaHTOB BUpYyca rpunna A, LMPKYnvpyoLero Ha Tepputopumn AHTapkTukm B 2023 r.

MaTepuanbl u metoabl. Viccnegosanu 84 obpasua 6uonornyeckoro marepuana, nony4eHHoro ot nTuL u Mop-
CKMX MriekonuTaroLwmx B anpene—mae 2023 r. Ha NpubpexHbIX TeppuTopusix AHTapkTukK. [ina 3 obpasuos npoBo-
Ounn cekBeHnpoBaHue Ha nnatgopme Miseq, lllumina n omnoreHeTU4eCKNA aHann3 NOMyYeHHbIX HYKNeoTUAHbIX
rnocneposaTenbHOCTEN FTEHOMOB Bupyca rpunna A.

Pesynbtathbl. [NogTBepxaeHa LMPKyNaumns NTUYbero rpunna B AHTapKTMYECKOM permoHe. BoisiBneHa reteporeH-
HOCTb Myna uMpKynupoBasLumx BapuaHToB Bupyca rpunna A (H3N8, H1N1). CekBeHvpoBaHbl MONHOPa3MepHble
reHoMbl BMpYyca NTUYBLEro rpunna u pasmeLleHbl B OTKpbITon 6a3e aaHHbix GISAID, 4to gononHsaeT rmobanbHyto
KapTWHY 3BOMIOLMOHHOM M3MeHUMBOCTU BUpYycoB rpunna B mupe (EPI_ISL_19032103, 19174530, 19174467).
3akntoyeHue. V3yyeHne reHeT4YecKoro pasHoobpasns LIMPKYNMPYOLWNX B NONSAPHLIX peroHax 3eMnu BupycoB
rounna A u BbiSIBNIEHNE MPUCYLLNX UM YCITOBUA BO3HUKHOBEHWS HOBbIX FEHETUYECKMX BapUaHTOB UMEET BaXXHOe
TEopeTnYeckoe 3Ha4YeHWe C Hay4YHOW TOYKM 3PEeHUs U SBMSAETCA akTyanbHOW 3ajaden Ans paspabotku mep no
npeaoTBpaLLEHNo BMONorMyeckmx yrpos.

KnioueBble cnoBa: supyc nmuybe2o epunna; cybmun H1N1; cyébmun H3N8; nonHozeHoMHOe cekeeHUposaHue;
AHmapkmuka

Onsa untnpoBaHua: Oxnonkosa O.B., loHyapos A.E., AcnaHoB B.U., ®agees A.B., Dasuatok FO.H., MowkuH A.[.,
CrtonbyHoBa K.A., CtenaHiok M.A., Co6oneB N.A., TiomeHueBa M.A., TiomeHueB A.U., LecTtonanos A.M., Aknm-
kuH B.T. MNepBoe o6HapyxeHne Bupycos rpunna A cy6tunos H1N1 n H3N8 B AHTapkTuyeckom pernoHe: o. KnHr-
[bxopmx, 2023 rog. Bonpocki supyconozuu. 2024; 69(4): 377-389. DOI: https://doi.org/10.36233/0507-4088-257
EDN: https://elibrary.ru/qujzfv

BnarogapHocTb. KonnekTvB aBTOpoB BbipaXkaeT NpU3HaTeNnbHOCTb PYKOBOACTBY POCCUIACKON aHTapKTUYECKON aKeneau-
LiMu 3a MOMOLLb B NPOBEAEHUM NoseBbIX UCCreaoBaHuid. ABTOpbI NpU3HaTENbHbI BCEM UCCNEAoBaTENsM, y4acTBOBaBLUMM
Ha pa3HbIX aTanax peanusaumu aton paboTbl, 0cOBEHHO COTPYAHMKaM nabopartopuv monekynspHow supyconorum ®rey
HWW rpunna nm. A.A. CmopoanHueBa 3a MeTognyeckyto nogaepxky, a tawke B.J1. CemuHy (MHcTutyT okeaHonorum PAH).

UcTouHunk dpmHaHcupoBaHus. [NonyyeHne Gruonormyeckoro marepvana ot nonsipHbIX Kpadek (Sterna paradisaea) npo-
BOAMIIOCH B pamMKax UCCNEA0BaHWIA MO U3YYeHUO MUKPOBMOTLI apKTUYECKUX BUAOB NTUL, NoAaepX)aHHbIX rpaHTom PHO
Ne 23-25-00128 «AHTUOMOTUKOPE3NCTEHTHBIE BakTEpNM, aCCOLMMPOBAHHbBIE C OPHUTOMEHHBIMKU 3KOCUCTEMaMU APKTUKN:
reHeTu4yeckne 0COGEHHOCTY 1 ANNAEMUYECKUIA NOTEHLMAN .

KoHdnukT nHTepecoB. ABTOPbI AEKNAPUPYIOT OTCYTCTBME SBHbIX U NMOTEHUMArbHbIX KOH(MMMKTOB MHTEPECOB, CBA3AH-
HbIX C NyBnmkauueln HacTosILLel cTaTby.
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Abstract

Relevance. Influenza A virus is characterized by a segmented single-stranded RNA genome. Such organization
of the virus genome determines the possibility of reassortment, which can lead to the emergence of new virus
variants. The main natural reservoir of most influenza A virus subtypes are wild waterfowl. Seasonal migrations
gather waterfowl from all major migration routes to nesting areas near the northern and southern polar circles. This
makes intercontinental spread of influenza A viruses possible.

Objective — to conduct molecular genetic monitoring and study the phylogenetic relationships of influenza A virus
variants circulating in Antarctica in 2023.

Materials and methods. We studied 84 samples of biological material obtained from birds and marine mammals in
April-May 2023 in coastal areas of Antarctica. For 3 samples, sequencing was performed on the Miseq, lllumina platform
and phylogenetic analysis of the obtained nucleotide sequences of the influenza A virus genomes was performed.
Results. The circulation of avian influenza virus in the Antarctic region was confirmed. Heterogeneity of the pool of
circulating variants of the influenza A virus (H3N8, H1N1) was revealed. Full-length genomes of the avian influenza
virus were sequenced and posted in the GISAID database (EPI_ISL_19032103, 19174530, 19174467).
Conclusion. The study of the genetic diversity of influenza A viruses circulating in the polar regions of the Earth and
the identification of the conditions for the emergence of new genetic variants is a relevant task for the development
of measures to prevent biological threats.
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BBenenue

Bupyc rpunmna tuna «A» (nangee — Bupyc rpunima A) oT-
HOCHTCSI K ceMeiicTBy Orthomyxoviridae n XapakTepu3y-
€TCS CErMEHTUPOBAaHHBIM opHouenouyeuHbiM PHK-reno-
MoM. Takast opranu3aius reHoMa BUpyca 00yCIIOBIHBaeT
BO3MOXKHOCTB PeacCOpTAIINH, KOTOPAst MOXKET IPUBOIUTH
K TIOSIBJICHUIO HOBBIX BapuaHTOB BUpyca [1]. OCHOBHBIM
€CTECTBEHHBIM pPEe3ePByapoOM OPTOMHKCOBHPYCOB, B TOM
guciie OONBIIMHCTBA CYOTHUIIOB BHPYCOB TPHIIIA, SIBIISI-
I0TCS KOJIOHHANIbHBIE MoOpcKue nrtuilel [2-5]. Cmoco0-
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HOCTb NITHUIl 3TOH TPYNIBI COBEPLIATH UINTEIBHBIE MH-
rpanuy, Hapsay ¢ UX MacCOBOCTBIO B Ipeesiax KOJIOHUH,
CHOCOOCTBYET TPAaHCKOHTHHEHTAJIHHOMY pPacHpocTpaHe-
HUIO CyOTUIIOB BUpYycCa TPUIMIA A U PACIIUPSIET BO3MOXK-
HOCTH IIepeAauyl NOCIEAHNX PA3HBIM BUAAM XHBOTHBIX,
YTO B CBOIO OY€pe/b, MOXKET CIIOCOOCTBOBATH MOSBICHUIO
HOBBIX BapHaHTOB U BUIIOB BUPYCOB BCIICICTBUE PEKOM-
OMHALIMK ¥ peaccopTaluy UX TeHOMOB |1, 6-8].
[IpumonsapHsle 007aCTH TIAHETH B CHITY COYETAHHS
0COOBIX (PU3UKO-TEOTpaPUUECKUX U IKOIOTHIECKUX
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YCIIOBUH SIBISIOTCS TOYKAMHU MPUTHKEHHUS] MUJUTHOHOB
MEpENETHBIX MOPCKUX IITHI] U MJIEKOTIUTAONINX, TIPEJI-
CTaB/IAs COOOW aKTHBHYIO 30HY MEXBHIOBBIX KOHTaK-
ToB [9-13]. Hupkynsnus Bupyca rpumnmna A B MpUPOJ-
HBIX OWOIEHO3aX AHTApKTUKH W ApPKTHKH H3BECTHA
¢ cepenuHbl 70-X IT. IpoIIOro Beka. Bupyc nzonuposa-
JIM 3[1ECh OT NTHUI] U KNTO0Opa3HbIx. B AHTapkTHYeCcKOM
pernoHe BUPYCHI NTHYBETO I'PHUIINA OBIIIM BIIEPBBIEC BBI-
siBIIeHBI B 1976 . — 14 mTamMmoB cyOTHIIa BUpyca TpUIIA
A HIN3 ObUM BBIAECIEHBI U3 TKAHEH JIECKOTO U MEYECHU
KHUTOB CEMEWCTBa TOJOCATHKOBEIX (Balaenopteridae)
[14]. B apkruueckoif yactu Kamagsr B 1984-1997 rr.
y 1,2% 0Oenyx cepolormuecKuMy MeTofamMH ObUTH 00-
Hapy»KeHbl aHTUTENa K Bupycam rpunna A [15]. Ilo3x-
Hee, B Hagasne 2000-x rT. B AHTapKTHKe ObUIa BBISIBICHA
UPKYJISIIUSA BUpyca MPUYbEro rpunmna cpenu ntui [16].

OnHOU M3 NOJSIPHBIX TEPPUTOPUM, PACIOIArarOLINX
CYIIIECTBEHHBIM OMOJOTMYECKHM pa3zHOOOpa3ueM, SBIs-
totcst FOxnble 1lleTnannckue ocTpoBa, pacroiioKeHHbIE
K ceBepy OT AHTapKTHYECKOro MHoiryocTpoBa. CambIM
KPYIHBIM M3 OCTPOBOB 3TOT0 apxuIenara SsBISeTcs
octpoB Kunr-/[xopmxk (Barepnoo).

Ha octpoBe pacmonoxeH psa MOJAPHBIX HCCIIET0Ba-
TEJbCKUX CTaHIWH, MpuHaIeKanmx Aprentune («Kap-
nuHnY), bpaswmun («Komanmante ®eppacy), Kuraro
(«Hanusn — Benukas Ctenay), [lomsre («I eHprk ApKTOB-
cKkmit»), Poccun («bemmuncraysen»), Ypyraato («leHepan
Apturacy), [lepy («Mauy-ITukay»), YUnmu («IIpe3unent
Onyapmo ®peiin) u FOxuoit Kopee («Koponbs Cemkomny).
Kpome Toro, ocTpoB pacnonaraeT TypuCTHIECKUM ITOTEH-
[[MaJIOM: Ha HEM PEryJISIPHO MPOBOISAT KOPOTKUE DKCKYp-
CHH JUI JIECSATKOB TYPHCTOB, NPHOBIBAIOIINX MOPCKAM
WM aBHAIIMOHHBIM TpaHcropToM. Ha Teppuropun octpo-
Ba 00uTaeT 12 BUIOB NTHUII, B TOM YHCIIE TOMOPHUKY JIOHH-
oepra (Catharacta antarctica lonnbergi), FO)XHOTIOTSIPHBIE
niomopuukH (Catharacta maccormicki), Oenast pykaHka
(Chionis alba), xanickuii 0ypeBectHUK (Daption capense),
JMOMUHMKAHCKass 4Yaiika (Larus dominicanus), IOXHBINA
TMraHTCKUi OypeBecTHUK (Macronectes giganteus), Ka-
gypka Bunbcon (Oceanites oceanicus), depHOOprOXas
Kauypka (Fregetta tropica), muarsun Anemu (Pygoscelis
adeliae), anTapkTiaeckuil muHrBuH (P. antarctica), nanT-
BUH manya (P. papua) n aHTapkTU4ecKas Kpauka (Sterna
vittata) [17, 18]. VI3 BHIOB MIICKOIUTAIONINX HAWOO-
jee MHOTOUYMCIEHHBIMU SIBISTIOTCSL TIOJIEHH Y3ueruia
(Leptonychotes weddellil) w ¥0XKHBIE MOPCKHE CIIOHBI
(Mirounga leonina). PalioH Takxe TOCeIacM aHTaPKTHU-
YEeCKUMH MOPCKUMH KOTHKamu (Arctocephalus gazella)
U MOPCKUMH Jeonapnamu (Hydrurga leptonyx) [19].

Takum oOpaszom, 3Ta TeppuUTOpHs OONamacT codeTa-
HUEM YHHKaJIbHBIX (DAKTOPOB, BKIIOYAIOUINM OOMINE
MECT THE3[0BaHUs JallbHENepeIeTHBIX ITHII, OONbIINe
TIOMYIISAIUAN TTOTCHIINATHHO BOCTIPUUMYNBEIX JUKHUX JKH-
BOTHBIX — SH/IEMUKOB, POTHPYIOIINECS TPYIIIHI TYPUCTOB
U TIepCOHasa MOJSIPHBIX CTAHIIUH.

B 2011 r. BepBBIe ObLTa BBISBICHA ITUPKYIISITHS BUpyCa
rpunmna A Ha AHTapKTUYECKOM KOHTUHEHTE. Bupyc nmen
cyorun H4N7 u ObUT mONMydYeH w3 OMoMarepuana OT THU-
TaHTCKOTO OypeBecTHHKA. Takke B TOM Tofxy OBUIO HIICH-
TH}UIMpOoBaHO ABa 0bpasua cyortuna HONS or anTapkTH-

OPUTUHAJbHbBIE NCCNEAOBAHUA

YECKOTO MOMOPHUKA M aHTapKTUYECKOro MUHIBUHA [16].
B 2013 r. maboparopus pecnupaTopHbIX BUPYycoB MHCTHTY-
ta OcBanpao Kpysa (bpaswims) ocymectsuia coop 95 06-
pa3loB NTHYBKX (peKaluii, KOTOpble OBLTH OTOOPAHBI B KO-
ToHUsIX MMHrBMHOB Ha HOkHbIx [lleTnannckux ocTpoBax,
HEITAJIEKO OT AHTAPKTUKH, ¥ IPOTECTUPOBAHBI METOAOM I10-
JTUMEPa3HOW IIEMTHOM peaKIiy ¢ 0OPaTHOM TPaHCKPHITITHEH
(OT-IILP) nnst oOHapy»XeHHs BHpyca NTHYBETO TPHIIIIA.
B pesynbrare Ob1TH MOTy4eHBI 4 TOTHOPA3MEPHBIX TCHOMA
Bupyca rpunma A cyotuna H11N2. buomarepuanom mo-
ciryx (exannu muHrBuHoB Anemu [16]. B 2015 . Co-
TPYAHUYAIOUIUM LIEHTpoM BceMupHOM opranusanuu 3apa-
BooxpaHeHus (BO3) mo uccieaoBaHUsAM B 00JIaCTH TPHII-
ma B MensOypre (ABcTpanusi) ObUIH TOITYYEHBI 00pa3Ilbl
OT aHTAPKTUYECKUX MUHIBHHOB, B KOTOPBIX YNAIOCH -
TekTHpoBarh cyotun HSNS. B 2017 1. Taroke ObUTO TOTY-
YeHO HEeCKOIBKo 00pasmoB cyoruna H11N2 [20]. B To xe
Bpems B 6aze naHHbIX GISAID orcyrctByer nabopmanms
0 cyOTHIax BHpyca Irpumna A, MUPKYJIUPOBABIIHX B AH-
TapKTU4ECKOM peruose B nepuof ¢ 2018 mo 2022 r. Ilep-
BeIe cooOienus B CMU o ToMm, 4TO BBICOKOITATOTE€HHBIH
nTrynid Tpumn cyotrna HSN1 qocTur aHTapKTHYECKOTO
peruoHa, noctymuin B oktsiope 2023 ! Ero BeisiBHIM Ha
cyOaHTapKTH4YeCKHX OcTpoBax. Bupyc maeHtuduimpona-
1u Ha Tepputopun FOxuHoi Jxopmxkun u Ha FOxHbIX Can-
JIBUYEBBIX OCTPOBAx, MpuMepHO B 1600 kM 0T MaTepuko-
BOIf yacTu AHTapKTHIBL. Takxke oH qocTHT DONKICHICKIX
OCTpOBOB. [IepBbIMU OT NTUYBETO TPUIIIA CTATH MAacCOBO
norndare 4ailkv, TIOMOPHUKH M Kpadku, 3aTeM O0Je3Hb
pacIpocTpaHmiIach Ha anb0aTpOCOB, MMHI'BHHOB U aHTAp-
KTUUeCKUX Diynbimeii. [pumm A cyotuna HSN1 Obi1 BeI-
SBJIEH TaKXe y MIICKOIHUTAIOIINX — UM OOJIeli MOpPCKHE
CIIOHBI ¥ MOpPCKHUe KOTUKH. Beero B 6aze ganueix GISAID
3a 2023 1. mpencrasieHo 18 wm3omsaToB cyormma HSNI
U3 cyMMapHO 21 CeKBEHHPOBAaHHOTO OOpasla TpHIIa
Tyl u3 AHTapkTUKH. CyOTHIIBI rpuImna A, KOTopble ObUTH
unenTudumposansl B 2023 . momumo H5N1, — 310 H3NS
(2 obpazna) u HIN1 (1 ob6pazen) [21].

TakuM 00pa3oM, B CBSI3U C BBHICOKOH HM3MEHYHMBOCTHIO
BUpYycoB Tpumnia, BO3 MocTosHHO Mog4epKuBaeT Heoo-
XOIUMOCTH BEJIEHHS II00ATFHOTO 3MHAHAI30pa IS BBI-
SIBIICHUS] TEHETUYECKNX W3MEHEHUIl B TE€HOME BHPYCOB
rpunmna A, 0coOEHHO B OTHOUICHWH IIMPOKO IUPKYIIH-
pyromux cyotumnos, kakuMm sisercs H3NS. Beuny me-
PEUUCIEHHBIX ()aKTOB, MOHUTOPUHT BO3OYIUTENCH NTH-
YhEro TPHUMNA Ha TEPPUTOPUSIX AHTAPKTUKHU SBISETCS
HEOOXOJMMBIM U aKTyaJIbHBIM.

Heap paboTel 3aKiIrodanach B BBISIBICHUH TeHETHYE-
CKHX BapUaHTOB BUpYCa IpUMIa A, HUPKYIUPYIOLINX Ha
MPUOPEKHBIX TEPPUTOPHSIX AHTAPKTHUKH, U OIpEeIie-
HUU XapaKTEPUCTHUK UX TEHOMA.

MarepuaJjibl 1 METOIBI

buonornueckuii mMarepuan il uccienoBaHus (Qeka-
JIMY, BBIAENEHUS NITHLl 1 MOPCKUX MJICKOIIMTAIOIINX, BCE-
ro 84 oOpasma) ObUT cOOpaH B XOIe MapUIPYTHBIX PadoT,

'The Guardian. Catastrophic’: bird flu reaches Antarctic for the first time.
Available at: https:/theguardian.com/environment/2023/oct/24/cata-
strophic-penguins-and-seals-at-risk-as-bird-flu-reaches-antarctic-aoe
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MPOBEICHHBIX B TIpefiesiax noiyocrtposa daiiniac ocrposa
Kunr-/Ixopmxk B anpene—mae 2023 1. Bunooii coctas 00-
CJIEIOBAaHHBIX TpEACTaBUTENed aHTapKTHYECKOH (ayHbI:
yepHOOproxast Kauypka (9 HoloKUTEeTbHBIX 00pa3loB MpU
nerexiuy PHK rpumnma A), antapkTrdecknii 0ypeBeCTHUK
(1 momoxwuTenbHBIA 00pa3el), TOICTOKIIOBEIM HpuoH (3
MOJIOKUTENLHBIX 00pasiia), moyspHas Kpadka (2 ToJI0XKH-
TEJNBHBIX 00pas3ia), aHTapkTuIeckuit Oakiman (1 momoxu-
TeNBHBIN 00pa3zel), CHeXHbIH OypeBeCTHHUK (7 MONOXKH-
TENFHBIX 00pa3lloB), MMHTBHH Mairya (3 MOJIOKHUTEIBHBIX
o0Opasma), TOMHHHUKAaHCKas dYaika (2 TIONOXHUTEITBHBIX
00pasma), MOpCcKoil cloH (6 TONOKUTEIBHBIX 00pPa3IIOB),
Oeras pxkanka (1 TONOKUTETBHBIA 00pa3err), I0KHBIA TH-
raaTckuii OypeBecTHUK (1 TONOXUTETBHEBIN 00paser),
FO)KHOIIOAPHBIA TTIOMOPHUK (7 MONOXHUTENBHBIX 00pa3-
IIOB), MMHTBUH AJeNH (3 TONIOKUTEIBHBIX 00pasia).

Okcrpakmnuto obmeit PHK mpoBowm ¢ ucmonbp30BaHuEM
Habopa s Beinenenns PHK u3 kieTok ®KUBOTHBIX/OaKTe-
pHi, Ma3Ka/cocko0a AMUTENNATIBHBIX KIETOK, BUPYCOB Ha
koonkax ot kommanmu OOO «buomabmukey (Poccus).
Nuaukanmio PHK rpunma nTuil oCyIIECTBISIM € [IOMO-
upto OT-TIP ¢ merekmmelt pe3ynsTaToB METOAOM Teilb-
anekTpodope3a ¢ UCIoNb30BaHueM Habopa «broMactep
OT-ILP-IIpemuym (2x)» (OO0 «buonadbmukcy, Poccus).

CekBeHHpOBaHHE TIOTHOPa3MEPHOIO TEeHOMa BHpYyca
TPHIIIA TTUI BRITIOIHUTH C TIOMOIIHI0 HA0OPOB pEarcHTOB
xommanun OO0 «buoJluax» (Poccust): Habop ms pepmen-
TaTUBHOM (hparMeHTaIny HyKJIEHHOBBIX KUCIIOT; HAbop pe-
are’ToB T TOAroToBKH NGS-0n0mmoTek 11 iaTopMBI
[llumina. Ounctky xomruiementapaoit JIHK npousBoammu
Ha MarHUTHBIX Yactuuax st ounctku JJHK VAHTS DNA
Clean Beads, (Vazyme, Kuraif). [eHOMHBIE OHOIHOTEKH
CeKBeHMpoBaIM Ha uiargpopme MiSeq, Illumina ¢ ucromns-
3oBanreM MiSeq Reagent Kit v3 600-cycle. J{ys BeIpaBHH-
BaHWSI TOJyYeHHBIX MPOYTEHHUH Ha pepepeHCHYTO TOCIen0-
BaTeJIbHOCTb UCIONb30BaH anroputv BWA. Jlins noryde-
HUS KOHCEHCYCHBIX TOCIIEI0BaTEIbHOCTEH HCIOIb30BaIN
MHCTPYMEHTHI Samtools u [var.

Jist cocTaBieHust BEIOOPKH [TOCIEA0BATEIEHOCTEH OBLIT
MPOBENIEH TpeNBapUTENbHBIN (UIOTEHETHUECKUI aHa-
3. Jlas mocTpoeHHs MEepBHYHBIX (PHIOTEHETHYECKHX
JiepeBseB ¢ momolneio anropurMa [QTree2 B pexume
aBTOMAaTUYecKoro noabopa mapaMeTpoB OBUIM UCIIOINb-
30BaHbI 657 m3omsaroB cyoruna HIN1 u 1908 m3onsros
cyotuna H3N8 u3 6a3s1 nannsix GISAID EpiFLU. [lanee
BBIOOpKH OBUIH COKpatieHs 10 50 mocnenoBarenbHOCTEH
¢ nomouibto uHCTpyMeHTa PARNAS. CpaBHuTenbHbIN
(MITOreHEeTHYECKU aHAIN3 HYKJICOTUIHBIX MOCIEI0BA-
TENBHOCTEH POBOIMIA METOIOM MaKCHMAIBHOTO MPaB-
nmomonobus (maximum likelihood) ¢ mcmonp3zoBanmeM
anmroputmMa RAXML [22] 1 Monenu HyKJI€OTHIHBIX 3aMEH
GTRGAMMA. CratucTuyecKkyro MoJAep>KKy BETBEH Jie-
peBa omnpenensaian MeTomoM OsicTporo OyTrcTpema (rapid
bootstrap) ¢ 1000 pernukanuii. dunoreneTnyeckoe ae-
PEBO YKOPEHSIH Ha CPEHIOK ToukKy (midpoint rooting).
PexoHCTpYKIINIO TPEIKOBBIX MOCIIEI0BATEILHOCTEH IPO-
BOJIWJIM C MCTIOJIB30BaHKeM anroputma RAXML [23]. Bu-
3yalM3alrio U aHHOTAlWI0 (UIIOTeHETHYEeCKUX JIePEBb-
€B OCYIIECTBILLIM C IOMOIIbI0 WHCTpyMeHTOB Figtree
u Inkscape. AHanu3 3aMeH B aMHHOKHCIIOTHBIX MTOCTIE0-
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BaTENLHOCTSAX MPOBOIUIIH C UCTIONB30BAHHEM MPOTPaMM-
Horo obecnieuenust MEGA u SnapGene.

Pe3syabTarsl

Bbrun mpoananm3upoBans! 84 MPOOBI OHOIOTHYECKOTO
marepuana merogom OT-IILIP mis oOxapyxenuss PHK
Bupycarpunmna A. V3 HuX A7 IOJTHOT€HOMHOTO CEKBEHU-
poBaHUs ObUTH 0TOOpaHBI 46 MEPCHEKTHBHBIX 00Pa3IOB.
Ilo pe3ynpraraM CpaBHHMTENIFHOTO aHAJIN3a MOTYYEHHBIX
HYKJICOTHIHBIX IOCIEA0BATEIbHOCTCH M (uiioreHeTH-
YEeCKOTO aHaJIi3a HMCCIIe0BaHHBIE 00pa3Ibl OBUTH HICH-
TUGHULIMPOBaHBI Kak cyOTHnbl Bupyca rpumma A HIN1
(1 obpazer) u H3NS (2 obpa3sia).

Kak wu3BecTHO, reHoM BuUpyca rpunna A Koaupy-
et 12 GenkoB. M3 HUX HanOOIBLINI HHTEpPEC AT POBe-
JCHUSI CPAaBHUTEIBHOTO M (hMIIOTEHETHUCCKOTO aHaJIM3a
MIPECTaBIIIOT TeHBI TOBEPXHOCTHBIX aHTHTCHOB I'eMar-
[TIIOTUHMHA U HeHPaMUHH/a3bl, 8 TAKXKe HECTPYKTYPHOTO
Oenka NS1, OTBETCTBEHHOTO 32 MHTMOMPOBAaHUE MHTEP-
(epoHa M XapaKTEPHU3YIOIIEroCs 3HAYUTEIBHBIM pa3HoO-
oOpasueM cpeau MITaMMOB I'pUIIa NTHIL [24].

HIN1 — sto cybtunm Bupyca rpumma A, KOTOPBIH
ABISIETCS OJHWMM W3 Hamboiee paclpoCTpaHEHHBIX
B MHpE U KOTOPBI OB MpudanHOM nangemuit 1918, 1977
u 2009 rr. [25].

Odunorenernyeckoe okpyxenue renoma HINI 1o reny,
KOMPYIOIIEMY TeMarnIlOTHHIH, BBISIBIEHHOTO B PE3yJbTa-
Te CeKBeHUpoBaHUs (PHC. 1), COCTOHT U3 IBYX reorpadude-
CKHX I'PYIIL: Q3UATCKON U €BPOIIEUCKOM, PpUYeM B €BpOIIEH-
CKOM MO>KHO BBIJIEINTH [JBE NOATPYIIIILI — 3TO €BPOIEICKas
gacth Poccun (MockoBckast 007acTh), cTpaHbl EBpoITbI
(benprus, Hunepnannel) u asuarckas 9acte Poccun (Ho-
BocHOMpcKas obnacte), crpansl Asuu (Kopes, Kuraii, ban-
miagen, Monronus). B pesynsrare ¢unorenernueckoro
aHaM3a TeHa TeMarnTOTHHUHA HCCIIENOBaHHOH IOCIeNno-
BarensHOCTH HIN1 ObUTa BBIABIECHA ONM3KOPOACTBEHHAS
CBAI3b C TCHAMH IeMarIlOTHHUHA BUPYCOB, OOHAPYXEHHBIX
y YTOK Ha Tepputopusax bensruu u azuarckoit yactu Poc-
CHH, YpOBeHb Mof00ust coctaBui 97-98%. [Ipu stom Hau-
0osee OIM3KOPOICTBEHHBIMU OKA3aJINCh LITaMMBI, LIUPKY-
JIMPOBABIINE B OCHOBHOM B nepuon 2018-2023 rr. y nukux
BojomaBaromux ntur (puc. 1). B nenom HykneoruaHas
MOCIIEOBATEILHOCTh TEHA TEMarnTIOTUHHUHA HCCIIEyeMO-
ro 00pasia SBIAETCS XapaKTePHOH I MTHYBNX M30JISTOB
Bocrounoro nomymapus.

Ha ¢unorenerndyeckoM nepeBe reHa HelpaMHHHIA-
361 (puc. 2) BosiBIeHHBIH mTaMM HINI mMeer momo-
JKEHHEe Ha JiepeBe, ONM3Koe K M30JIATaM, LUPKYIHpPO-
BaBIIUM Ha TEPPUTOPUAX TAKUX CTpaH, Kak bembrus,
Hunepnannsl, eBpomeiickas dactb Poccum (Mockos-
ckas obmacts), B mepuon 2016-2023 rr, a Takxke Ha
tepputopusx bemsrun, HOxnoit Kopen m Hoocubup-
ckorr obmactu ¢ 2019 mo 2023 1. Ilpuuem Hambomee
ommskumu (puc. 2) okazamuch A/Anas_platyrhynchos/
Belgium/00358 0006/2023 u A/mallard/Novosibirsk
region/3445k/2020 ¢ pasznmuunem B 3—4% OTHOCHUTEIHHO
ucciegyemoro uzomnsata HINI.

Bupyc rpunma A cyotuma H3N8 oTHOCHTCS K CyOTH-
mmaM, HauboJee YacTo BCTpEYAOIIUMCS y NTHIl. Mex-
BHUOBas nepenaya cyortuna H3NS8 Oputa 3apeructpu-
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Puc. 1. ®unoreneruueckoe 1epeBo MO reHy reMarrIioTHHHHA U1 U30JIITOB BUpyca rpunma A cyortuma HINT.

3nech 1 Ha puc. 2—5: GuioreHeTHYECKOE IEPEBO MOCTPOSHO ¢ MOMOLIBI0 aqroputMa RAXML meTomoM MakcuMmaibHOro npasaononobus (ML) ¢ ucrnons3osa-
HHEeM Mozenu HykineoTHaHbX 3aMmeH GTRGAMMA. CratucTHdecKyro OAIep KKy BeTBeil iepeBa OIpeeIsiii MeToRIoM ObIcTporo OyTerpena (rapid bootstrap)
¢ 1000 perumkanuii. 3Ha4ueHus nomaepkku Hike 70 He moka3aHbl. DUIOreHeTHYECKOE AEPEBO YKOPEHEHO Ha CpeaHio Touky (midpoint rooting). Pexon-
CTPYKIIMIO IIPEIKOBBIX IIOC/ICA0BATEIBHOCTEH IPOBOAMIIN C UCIIONB30BaHHeM anroputMa RAXML. CHHHUM LBETOM Ha JEPEBbsIX YKa3aHbI II0CIICI0BATEIBHOCTH
00pasIioB, CEKBEHHPOBAHHBIE B XO/IC IAHHOTO UCCIIEI0BAaHMU. 3eJIE€HBIM IBETOM BBIACICHBI CTapeHIINe IITAMMBbI JUIs TeHETHYECKUX IPYII MO TeMarIIOTHHHUHY.
KpacHbIM 1IBETOM Hajl y37aMu AepeBa 0003HAYCHBI 3aMEHBI B COOTBETCTBYOIIMX PEKOHCTPYUPOBAHHBIX AMUHOKHCIIOTHBIX TTOCIIEAOBATEIBHOCTSIX.
Fig. 1. Phylogenetic tree for the hemagglutinin gene for influenza A virus subtype HIN1 isolates.
Here and in Fig. 2-5: The phylogenetic tree was constructed by the RAXML algorithm using the maximum likelihood (ML) method and the GTRGAMMA
nucleotide substitution model. Statistical support for tree branches was determined by the rapid bootstrap method with 1000 replications. Support values
below 70 are not shown. The phylogenetic tree is midpoint rooted. Ancestral sequences were reconstructed using the RAXML algorithm. Blue color on the
trees indicates the sequences from this study. The oldest strains for genetic groups by hemagglutinin are shown in green. Substitutions in the corresponding
reconstructed amino acid sequences are shown in red above the tree nodes.
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Puc. 2. dutorenernyeckoe 1epeBo N0 reHy HelipaMUHUAA3BI TS M30JATOB BUpyca rpurnmna A cyotuna HIN1.
Fig. 2. Phylogenetic tree for the neuraminidase gene for influenza A virus subtype HINTI isolates.

pOBaHa y pa3HBIX BUAOB MJICKOTMHUTAIOIIHNX, MPUYEM
y cobax U Jomaaeil OHa HOCHJIA SHAEMHUYECKHUI Xapak-
Tep. Ha Texkymuit MOMEHT 3aperucTpupoBaHo 3 ciyyas
WHQUIIUPOBAHUS UYEIIOBEKAa BHUPYCOM NTUYLETO TPUII-
ma A cyotuna H3NS; Bce ciyyau OBLIM 3aperucTpu-
poBansl B Kutae B nepuon 2022-2023 rr., 3apaxeHue,
MPEANONOKATENHHO, TIPOU30IIIO0 B PE3YIBTATE MPSIMO-
r0 WJIM KOCBEHHOT'O KOHTaKTa ¢ MHPHUIIUPOBAaHHON N0-
MaltHel nrunei [26].

OuIOreHeTHYECKN BBISIBICHHBIE H30JATHL  CyOTHIIA
H3N8 (EPI_ISL 19174530 EPI ISL 19174467)nore-
HY, KOTUPYIOLIEMY I'eMarTIIOTHHIH, UMEIOT 000CO0eH-
HOE TIOJIOKEHUE OTHOCHUTENBHO JApYT apyra. Bo3mox-
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HO, 3TO CBSI3aHO C MX HE3aBUCUMOMW 3BOJIIOLMEN B paii-
OHE pacrpocTpaHeHus. B 1enoM (uiIoreHeTHIecKoe
okpyxenue s usonsara H3NES (EPI ISL 19174530)
MPEACTABICHO IITaMMaMH, LUPKYIUPOBAaBIIMMU B Iie-
puox 2018-2023 rr. B A3uu (puc. 3). Haunbonee 6mu3-
KMMU Ha JIepeBe M0 TE€Hy IeMarriioTHHUHA SBISJIUCH
HU30JIATHL, nonydeHHble u3 Kuras u banmanem B nepu-
on 2019-2023 rr. (puc. 3).

OdutoreneTryeckoe okpykenue usonsata H3NS (EPI
ISL. 19174467) taxxke coctouT u3 azmarckux (Kurai,
Kazaxcran, Monromus, baHrmazem) W eBPOINEHCKHX
mrammoB  (ITombma, benbrus, I'epmanus, ABCTpus)
I10 TeHy reMarrIroTHHrHA. Hanbomee Omm3kuMu n30sra-
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MH SIBJISUTHCH IITaMMBbI, KOTOPbIE IIMPKYJINPOBAJIM Ha Tep-
putopuu aszuarckoil yactu Poccuu B nepuon 2018-2021
IT. y JUKUX BOAOIUIABAIOIIUX NTHUI] (pHC. 3).

lTomonorust ~ cexkBeHMpOBaHHOrO  u3omATa A/
Pygoscelis papua/Fildes Peninsula, King George
Island/31/2023 (H3N8) mo reHy HelipaMHHHIA3bI CO-

OPUTUHAJbHbBIE NCCNEAOBAHUA

cTaBiagiaa oT 96-97% OTHOCHUTEIBHO H30IATOB OT JIH-
KHX BOJOIIABAIOIINX IITHI[ a3MaTcKoi 9acTu Poccuu A/
common teal/Novosibirsk region/3556k/2020 (H3N8),
Mouroaun  A/duck/Mongolia/WKU-42/2022 (H3NS8)
M eBpoOIeicKuX ImTammoB, Takux Kak: A/duck/Cher-
nogolovka/5897/2021(H3N8), A/Anas_platyrhynchos/

Puc. 3. dunorenetnueckoe epeBo 10 reHy FeMarrIFoTHHAHA JUIS H30JIATOB BHpyca rpurnma A cyotuma H3NS.
Fig. 3. Phylogenetic tree for the hemagglutinin gene for influenza A virus subtype H3NS isolates.
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Belgium/2987 0001/2021(H3NS8), A/mallard/Germa-
ny-BB/2023A107658/2023(H3NS). MaxkcumansHoe
pasznuyue HaOIIOAanoCh MEXIY HCCIEAYEeMbIM H30JIs-
toM u tmrammoM A/duck/Bangladesh/19D2073/2023
(H3NS8) (puc. 4).

B pesynbrare muccienoBanusi 00Hapy>KeHO, YTO IO Te-
Hy HeWpaMHHHIA3bl H30aaT A/Sterna paradisaea/Fildes
Peninsula, King George Island/09/2023 (H3NS8) naun-
Oonee (uioreHerndyeckn ONMM30K K a3MaTCKUM H30-
nataMm  A/mallard/Novosibirsk  region/3314k/2020
(H3N8) u A/duck/Mongolia/29/2011 (H3NS). 3Ha-
gutensHoe paznuuue (5%) OBUIO 3aperuCTPHUPOBAHO
MEXIY HYKICOTHIHBIMH TIOCIIEIOBATEIbHOCTAMH FC-
cegyemoro n3onsata u mramma A/wild duck/Germany-
NW/2023A107895/2023 (H3NS) (puc. 4). B uenom ¢u-
JIOTEHUS UCCIIENyEeMBIX U30JSTOB U3 AHTapKTHKH UMEET
MIPUMEPHO CXOKYIO0 TEHACHIIMIO OTHOCHTENIFHO TMpes-
CTaBJICHHBIX T€HOB — 3TO BKJIaJ KaK €BPOIEHCKUX, TaK
M a3MaTCKUX MITaMMOB B PEaccOpTaIfio, NpUYEM BCe
reorpauaeckre TOYKH OOBETUHEHBI TEPPUTOPHATEHON
ONMM30CTHIO APYT K APYTY, KaK, Harpumep, Hunepnanmael,
Benprus u I'epmanus. Takke pe3ynsraTsl aHanIHM3a MO-
KazaJH, 4TO HCCIIeIyeMbIe U30JIAThl UMEIOT JOCTATOYHO
OOJNBIIYI0 TEHETHYECKYI0 AUCTAHLMUIO OTHOCHTEIHHO
ITaMMOB, IIUPKyIUpyomux B CeBepHOH AMepHKe.

Bocemoit cermentr PHK Bupyca rpunma A cocro-
uT u3 890 HYKJICOTHIOB M KOIUPYET 2 HECTPYKTYPHBIX
6enkxa — NS1 u NS2. B 1980 1. C. Scholtissek u V. Von
Hoyningen-Huene [27] onpenennnu, 9TO BUPYCH TPHII-
nma A MOXHO pa3zenuTh Ha 2 Tpynmnsl (rpynmna 1 u 6onee
pasHoponHas rpymmna 2) OTHOCUTEIHHO TOMOJIOTHH MO-
CIIeZIOBAaTEbHOCTH OCHOBAHUH MX HECTPYKTYPHBIX TEHOB
(NS). BuyTpu naHHOW TIpymnmbel TOMOJIOTHSI COCTaBIISET
oT 94 1o 100% wmmu 75 u 100% coOTBETCTBEHHO, TOIIA
KaK MEXy AByMs TpyNIIaMH OHA HaXOAWTCS B JHAara3o-
He Bcero 40%. B HacTosIiee Bpemst IPUHATO ONPENeNaTh
STH TPYNIIBI KaK aJjieNb A 1 ajuiens B, mpuuem accorum-
poOBaTh ayuienb B HCKIIOYUTENBEHO C BUPYCOM, IUPKYITH-
PYIOIIUM TONBKO CPEIH IITHIL, a aJuielb A — C BUPYyCaAMH,
MMEIOIIUMH TIPEIPAcIIONOKEHHOCTh K IUPKYIIAIUN Cpe-
¥ MutekonuTaromux. Takke red NS OOIBIIMHCTBA BBICO-
KOIIaTOIeHHBIX BUPYCOB nTHubero rpummna H5N1, Beine-
JIEHHBIX y yenoBeka ¢ 1997 1., cBsi3aH ¢ aymienbio A [28].

Ob6pasusr cyotuna H3NS, BeIsBICHHBIE B HACTOSIIEM
KCCIIEI0BaHNUN, OTHOCSITCS K €Bpa3UiICKOW T€eHETHUECKOU
JIMHUH, TIo TeHy NS k amtenu B. [lpuuemM mpu cpaBHEHUH
HYKJICOTHIHBIX ~ ITOCIIEIOBATENFHOCTEH HCCIEIyeMBIX
u30sAToB co mrammoM A/Goose/Guangdong/1/1996 ypo-
BEHb TOMOJIOTHH cocTaBun 92-93%, a co mrammom A/
Mallard/Sweden/2724/2006 — 67% cooTBeTcTBeHHO. Pe-
3yJBTaThl (PUIOTEHETHYECKOTO aHaIM3a 1o TeHy NS u3o-
nsata A/Pygoscelis papua/ Fildes Peninsula, King George
Island/31/2023 (H3N8) u m3omsara A/Sterna paradisaca/
Fildes Peninsula, King George Island/09/2023 (H3N8)
MOKAa3aJIi MX 3HAUUTEIIbHOE POJICTBO (pHc. 5). Punorene-
THYECKOE OKPY>KeHHE MPE/ICTaBIEHO B OCHOBHOM 00pa3-
[IaMU, BRISIBICHHBIMU Ha Tepputopusix bensrun, Hunep-
JIaHJIOB M eBporerickord yactu Poccun. MakcumanbHBIN
MIPOIIEHT TOMOJIOTHH HAOIIONAJICS MEXIy TpeCTaBIeH-
HBIMH H30JTaMH M mTamMMoM A/Anas platyrhynchos/
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Belgium/2214 0001/2021 (H3N8). HaubomnsIee pazmu-
yme 1o reHy NS ObUTo OTHOCHTENBHO mTamMMa A/aquatic
bird/Korea/KN-1/2004 (H3NS).

lenernueckuii anamu3 rera NS ucciemxyeMoro oopasma
cyornna HIN1 moka3pIBaeT ero COOTBETCTBHE €Bpa3Hid-
ckoit nuHuM, annenu A. [lpu cpaBHeHnu ¢ obpasom A/
Mallard/Sweden/2724/2006 mpoIeHT TOMOJIOTHH 10 HY-
KJICOTUAHBIM MOCIEI0BATENBHOCTIM cocTaBui 87%. Ot-
HocurenbHo A/Goose/Guangdong/1/1996 ypoBens romo-
joruu coctaBuil 69%. dunoreHeTHYECKOE OKPYKEHUE
npencrasineHo odpasnamu u3 Kopen, banrmanenr, Kuras,
Mownromuu u asuarckoit yactu P®. Haubonee Oim3kum
(98% monobue) mo reny NS Kk ucciemxyeMoMy o0pasiry
66Ut A/Bean goose/Korea/KNU-16/2022.

HaunOonbiryro TeHETHYEeCKyl0 IUCTAHIMIO OTHOCH-
TEJIFHO BBIBJICHHOTO HM30JIATa MMENW 00pasipl U3 Ap-
reaTusbl, ABctpanmu u CHIA. Pesynerars! ¢punoreneTn-
YEeCKOT0 aHaJIM3a o re’y NS Mo3BOMIAIOT NPEAIO0I0KHUTD,
YTO IITAaMMBI BHpyCa TPHINIA TEHETHYECKH JOBOJIBHO
pa3HOOOpa3HEl M coAepiKaT CBOM YHUKAJIbHBIE HYKIIEO-
THU/IHBIE TI0CIIE0BaTENbHOCTH, YTO BEPOSTHEE BCETO CBS-
3aHO ¢ (yHKIIMEH 3TOrO TeHa B TeHOME KaK aHTaroHHCTa
uaTepdepoHa (puc. 5).

Oo0cy:xneHue

Takum 00pazoM, pe3ysIbTaThl HACTOSIIETO UCCIIEIOBAHI
MPOAEMOHCTPHUPOBAIIH, YTO BBISIBICHHBIC U305 ThI BO3HUK-
JI1, BEPOSITHEE BCETO, B PE3Y/IbTaTe PeacCopPTaLlU MEXKIY
esponetickumu (benbrust, Hunepnanner, Poccns) u azuar-
ckumu (Monromus, Kurait, banrazemnr) mrrammamu. 3Ha-
YHUTENBHBIA BKIaA B (DOPMHUPOBAHHE PEacCOPTAHTOB OBLI
00yCITOBIICH IUPKYIUpyromumu B niepuoa 2018-2023 rr,,
Ha TEPPUTOPUU a3UATCKOHM yactu Poccuu y IUKHX BOIO-
IUTABAIOIIMX NTHUI M30JISITAMU TpUMia A, 3T0O MOXKET KOoc-
BEHHO CBHUJICTEIHCTBOBATH O MHOKECTBEHHBIX 3aHOCAX
Pa3IMYHBIX CYOTHIIOB IATOTeHA C TEPPUTOPUH a3MaTCKOM
yactu Poccun Ha TeppUTOpHIO AHTApKTUKH, IPUYEM Te-
HOBapHaHTOB, IUPKYINPYIONINX Ha TEKYIINil MOMEHT Bpe-
MeHU B EBporie 1 A3uu B NOMyISANUAX AUKHAX MTHIL

Kak u3BectHo, 17151 ycrieUTHON MEeXBUAOBOM TpaHCMUC-
CHH HE0OXOIMMO M3MEHEHHE CBOMCTB IeMarrIOTHHHHA
BHUpYCOB Tpummna nrtuim. IlokazaHo, YTO 3TH W3MEHEHUs
CBS3aHbl C AMHUHOKHMCJIOTHBIMU 3aMEHaMHU B peLel-
TOP-CBA3BIBAIOIIEM CcaiiTe reMarniioTHHUHA [29].

V¥ remarnmrorunnea H1 Bupyca rpurmna, kKak CBUAETENb-
CTBYIOT JJaHHBIC JIMTEPaTyphl, ObUIM OOHAapYXEHBI Clle-
IyIOIIMe aMHHOKHCIIOTHBIE 3aMEHBI, CBS3aHHBIE C MEX-
BHUJIOBOW mepenadeii Bupyca: S138A, E190D u G225D.
Hns remarmmrornanHa H3 mexBupoBas nepenaya Oblia
cBa3aHa ¢ mytauuamu Q226L u G228S [30].

B 237011 cBs131 HamMu OB TPOBEAEH aHAIN3 AMHHOKHUCIIOT-
HBIX MOCJEA0BATENBHOCTEN Ha HAJIMUME TAaKOBBIX MyTaluit
y unentnduimpoBanaoro momsra HIN1. B pesymbsrare
IIPOBEJIEHHOTO aHAIN3a ObIIM BBISIBIIEHBI aMUHOKHCIIOTHBIE
3ameHbl S138Y u E190T, B T e BpeMsi OTCyTCTBOBAIN H3-
MEHEHHUS B MOJIOKEHUU 225, COOTBETCTBYIOIIEMY TIIUIIUHY.

Hns wmsomsara A/Pygoscelis papua/Fildes Peninsula,
King George Island/31/2023 (H3NS8) Obutn BBIsSBIIC-
Hbl AMHWHOKHCJIOTHBIE 3aMEHBI: TIPOJIMH B IIOJIOXKE-
Huu 226, Q226P u Ttupo3un B 228 (G228T). Coot-
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Puc. 4. dunoreHeTHYeCKOe JCPEBO MO FeHY HeWpaMUHKIA3bI sl H30JSITOB BUpyca rpummna A cyotuna H3NS.
Fig. 4. Phylogenetic tree for the neuraminidase gene for influenza A virus subtype H3NS8 isolates.
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Puc. 5. dunorenernueckoe aepeBo 1o reny NSI ams u3o-
nsToB Bupyca rpumnmna A cyotunos H3N8 u HINT.

Fig. 5. Phylogenetic tree for the NSI gene for influenza A
virus isolates of subtypes H3N8 and HIN1.
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BETCTBEHHO ia m3omsata A/Sterna paradisaca/Fildes
Peninsula, King George Island/09/2023 (H3N8): mponux
B nonoxkernn 226, Q226P u ructuaud B 228, G228H.

Taxum 00pa3oM, MOJKHO CZEIaTh BBIBOA O HAKOIUICHUH
B T€HOMAaX aHTapKTUYECKUX U30JISTOB HECHHOHUMHUYHBIX
MyTallii, OMHAKO BIUSHHE COOTBETCTBYIOIMX UM aMH-
HOKHUCJIOTHBIX 3aM€H Ha OHOJIOTMYECKHUE CBOMCTBA BUPY-
COB B HACTOSILIIEE BPEMSI OCTAETCS] HEM3YUECHHBIM.

B nenom 3Boironus BUPYCOB I'PUIIIIA UMEET CIIOKHBINA
¥ TUHAMHUYHBIH XapakTep, BBUAY 0COOEHHOCTEH OpraHu-
3aIMi TEHOMA M aKTHBHOW IUPKYIISAINH Cpean OOJIBIIOTo
yypciaa AUKUX BOJOIUIABAIONIMX MNTHL. [€HOMHOE MHO-
roobpasue BHPYCOB 300HO3HOTO TPHIINA, KOTOPHIE yXe
BBI3BIBANIM CITydaW WHQHUIMPOBAHMS UYEIOBEeKa, TpedyeT
YKpeIUIeHUs] HaJa30pa 3a BHUPyCaMH TpHUINa KaK Cpenu
JONEN, TaK U B JUKOM TIPUPOJE.

OKOCHCTEMBI TPUOPE)KHOW AHTApPKTUKU SBIISIOTCA
Ba)kKHeHIel reorpaduueckoil JOKaIuen ¢ TOYKH 3pEHUs
OpraHU3allud CHUCTEMATHYECKUX MOHHUTOPHHIOBBIX HC-
ciaenoBaHuil. CreyeT OTMETUTh YTO OTIEIbHBIE BHUJIbI
AQHTAPKTHYECKUX NTHI[ CIIOCOOHBI K MEKKOHTHHEHTAJIb-
HBIM MUTpalVsIM (HallpuMep, MOJISIPHbIE KPauKH €XKerol-
HO MUTPHUPYIOT N3 AHTapKTHKH B POCCUHCKYIO APKTHKY ).
JlaHHOE 0OCTOATENBCTBO AKTYaIU3UPYET BOIPOC O POIU
JalbHENepEIeTHBIX MUTPAHTOB B KaU€CTBE BEKTOPOB TIe-
peHOCca 300HO3HBIX MH(EKIHMHA, BKITI0Yast TPHUIIT A.

3akaouenue

[omy4yeHHbIe TaHHBIE CBUIIETENHCTBYIOT O IUPKYIISIINH
Ha TepPUTOPUN AHTapKTHKU BUPYCOB Ipummna A cyOTHIIOB
HINI1 n H3NS, ¢ yHUKaIbHBIMU T€HOMHBIMH XapaKTepH-
CTHKaMH, 9TO, B YaCTHOCTH, TPOSIBIIICTCS CIIEKTPOM MyTa-
LIMH, aCCOLIMMPOBAHHBIX C UX MOTEHIUAIBHON MEXKBUIOBON
nepenaueil. [lpuponnas cpena AHTApKTUKH, HECMOTpPS Ha
AKCTpPEMAITbHEIC KIMMATHIECCKUE YCIIOBHS, CITocoOHa ¢hop-
MHpPOBaTh BO3MOKHBIE 30HBI OOpa3OBaHHA U IBOJIOLMU
BUPYCOB, B yacTHOCTH rpumma A. [lo Hamemy MHEHHIO,
M3yYeHHE TeHETHYECKOTO Pa3HOOOpasust UPKYIHUPYIOIIIX
B MOJIAPHBIX PETHOHAX 3eMJIM BUPYCOB TpuMna A U BBISB-
JICHUE MPUCYILIUX UM YCJIOBUI BO3HMKHOBEHHUS! HOBBIX Ie-
HETHYECKUX BapHaHTOB W BHIOB BHPYCOB MMEET Ba)KHOE
TEOpEeTHYECKOe 3HAYeHHE C HAay4HOI TOYKM 3pEeHHS U SIB-
nsieTcs, 0e3yCIIOBHO, aKTyalbHOM 3ajiaueil Uisk pa3padoTKu
Mep MO MPeIOTBPAIIECHNIO OHOIOTHIECKIX yIPo3.
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OT3bIB Ha KOMNMEKTUBHYO MOHOrpaduio
noa penakuuen akagemuka PAH B.A. 3nobuHa
«KneweBowu aHuedanut B XXI Beke».

Review of the collective monograph edited
by Academician of the Russian Academy

of Sciences V.l. Zlobin

«Tick-borne encephalitis in the 21st century».

Axagemuk AMH CCCP M.II. Uymakos (1909—-1993 rr.), 1941 1.,
¢oto u3 nryHoro apxusa I1.M. UymakoBa

B ¢espane 2021 rona n3garensctBoM «Haykay BeImy-
IIIeHa B CBET KOJUIEKTHUBHAs MOHOTrpa(us 0030pHBIX Ha-
YUYHBIX cTaredl mon HasBaHueM «KuremeBoil sHUEdamuT
B XXI Beke». @opmupoBanue TeM COOpHHKA, COCTaBa
aBTOPOB M OOIIYIO peJakINi0 COOpPHUKA BBIOIHUI aKa-
nemuk PAH, mpodeccop, a.m.H. B.W. 3m00uH, KOTOPBIH
SIBIISIETCS ONHUM M3 BEYIIHNX CHEIHAINCTOB IO JAHHON
npobneme B Poccun u MpUHAANEKUT K LIS OCHOBO-
MOJO)KHUKOB POCCUICKONM Hay4HOW IIKOJIBI B M3YyYEHUU
($yHIaMEHTaIbHON BUPYCOJIOTHH, KpyTa X035€B BHpYyCa,
MIPUPOIHON 0YaroBOCTH, MUAEMHUOTIOTHH U Mep OOPHOBI
¢ JaHHOH omnacHoW nH(eknuer. Ero koMmeTeHus npen-
oTIpesieNiiIa BBHICOKMI HaydHBIH ypOBEHb, KBAJIM(HUIIH-
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Ceemuou namsamu 8vl0auecocs
u beccmpauHo2o poCcCUticko2o Y4eHo2o,
axademuxa AMH CCCP M.I1. Yymaxoea noceésuaio

POBaHHBIM TOAOOpP aBTOPOB M aKTyaJbHBIN CIIEKTP TEM
BBIILIEALIETO KOJUIEKTUBHOTO TPYya.

HecmoTpsa Ha qOCTUTHYTHIE 3a TOCIEAHNE AECATHIIC-
THUS YCTIEXH B U3YYCHUH MOJICKYJSIPHBIX OCHOB PEILINKa-
UM TIpeJcTaBuTeNel pona (iaBUBHUPYCOB (CeMeHCTBO
Flaviviridae), k KOTOpOMy OTHOCHUTCSI BHPYC KJICIIEBOTO
sHIeaNNTa, ¥ TOHUMAHU MPOIIecca UX paclpocTpaHe-
HUs B Onocdepe, TaHHAs BUpYCHast HHPEKIUS COXPaHs-
€T BBICOKYIO MEIWIMHCKYIO aKTyaJlbHOCTH JJISI MHOTHX
cTpaHn Mmupa, Bkirouas Poccuto. Exkeromno B Poccuu
JETEKTUPYIOTCS HOBBIE DPAa3HOBHUIHOCTU IATOI€HHBIX
BapHAaHTOB BUpYyca U perucrpupyercs okosno 2000 cmy-
YyaeB 3a00JIeBaHMsI BUPYCHBIM KIICIIEBHIM dHIIE(ATUTOM
CpeAr JIIONeH, CYyIIeCTBYeT ONACHOCTh MH(UIIMPOBaHUSL
JOMAIITHHUX, CEITLCKOXO3SHCTBEHHBIX U JUKHUX KHUBOTHBIX
U aTUMEHTAPHOTO IyTH Mepeaaddl BUPYyCa OT KHUBOTHBIX
K denoBeky. B Poccun 3a momMomipio OT YKyCOB KJIELIEH
exerogao obpamaercs 300-500 TpIC. YenmoBeK. AKTY-
aJTBHOCTB TEMBI 00yCIIOBIICHA TaK)Ke HEU30€KHBIM U TJI0-
0abHBIM OOCTOSATENLCTBOM TIOTEIUICHHsI KJIMMara Ha
HaIllel IJIaHeTe W CBA3aHHBIM C 9THM SIBIIEHHEM H3MEHe-
HUEM DKOJIOTUY MHOTHUX OHOJOTHYECKUX BUIOB, BKIIOYAs
BUPYC KJICHIEBOTO SHIIe(aInTa, U 3HAYNTEIBHBIM CMellle-
HHEM MHUTPAIMOHHBIX MTOTOKOB MEPEHOCUYHKOB BHPYCOB
MPUPOIHO-OYArOBEIX OOJIE3HEH, YTO TaWT yrpo3y BOB-
JIeYeHUs] HOBBIX PErMOHOB B 3MHAEMUYECKUI mpolecc,
(hopMHPOBaHHS HOBBIX MEXBHJOBBIX CBS3€H, MOSBICHUS
HOBBIX OIACHBIX Pa3HOBUIHOCTEH BHPYCOB M BUPYCHBIX
04aroB ¥ BOSHUKHOBEHUS OOMIMPHBIX BCIBIIIEK OOJIE3HU.

OmyOMMKOBaHHBIA HayYHBIN KOJUIEKTHBHBIN TP/ HMEET
JIOTUYHOE TOCTPOCHHE, B KOTOPOM TapMOHHYHO OOBEIH-
HEHO pPacCMOTPEHHE CHCTEMATHUKH ceMeicTBa (priaBUBUPY-
coB (cemeiicTBo Flaviviridae; pon Flavivirus), MoIexynsp-
HBIX OCHOB PEIUTHKALUU (IIaBUBUPYCOB, BKIIFOUAs aHAJIH3
MHOT'OCTYIIEHYaTOI0 KacKaJHOTO MPOTEOJIN3a BUPYCHOIO
MOJTATIPOTENHA KIETOYHBIMA W BHPYCHBIMH TPOTEa3aMH,
ApXHUTEKTYpbl AHTUTEHHBIX IOMEHOB B OelKax BHpYcCa,
CTPYKTYpBI BHPYCHOTO T€HOMa W €ro BapuaOeIbHOCTH
C ONHMCaHWeM HOBOTO YHHUKAJIHHOTO BHAA (IaBUBHUPY-
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M.II. YymakoB (1937 r.) — B moucKax HEM3BETaHHOTO BUPYyca. Y HCTOKOB OTEUECTBEHHOHN BUPYCOIOTHYECKOI HayKH.
®oro n3 nuuHoro apxusa [1.M. HUymaxoBa

COB C CeTMEHTHUPOBAaHHOM CTPYKTYpoi reHoma. Psy rmas
TIOCBSIIIIEH OOIIMM BONPOCAM B3aUMONEHCTBUS BHpYycCa
C OPTaHU3MOM-TIEPEHOCYMKOM U KOHEYHBIM XO3SIMHOM KHU-
BOTHOTO, BKJIOYas YeJOBeKa, M3yYEHHUIO apeayia BHpyca
KJICIIIEBOTO dHIIe(anuTa W MOSBICHUS HOBBIX BUPYCHBIX
BUJIOB (pJIABUBUPYCOB U CIEKTPA UX MEPEHOCUYUKOB, op-
MHPOBaHUS MPUPOIHBIX 04aroB WHPEKIUH B Pa3THIHBIX
TaHImadTHO-KIIMMATHYECKUX TI0sicaX, OOOOIIEHUI0 Cco-
BPEMCHHBIX 3HaHWI 00 BOJOIWH, TATOTCHHOCTH U KO-
JIOTUH BUPYCOB, PACCMOTPEHHUIO HCCIIEOBAaHUI MO TPH-
KJIQJIHBIM HAIPaBJICHUSAM pa3padOTKH COBPEMEHHBIX BaK-
IIMH, CPEACTB CIEUPUICCKON MPOPHIAKTHKA U JICUCHHS,
CO3/IaHHIO HOBBIX XMMHOIIPETIApaTOB U Psi/Iy APYTUX aKTy-
QNBHBIX TeM. BeIme mas KHura 3HaKOMAT YUTATEIS C CO-
BPEMECHHBIMH HCCIICIOBAHUSIMU MO W3YYCHHIO OCHOB I1a-
TOreHe3a W KIMHUYECKOTO TeueHus 00JIe3H! Y MalMeHTOB
Pa3HBIX BO3PACTHBIX TPYIIT W TPH MUKCT-(HOpMax BHPYC-
HOTO KJICIIEBOTO SHIEhaUTa C APYTUMH BUIAMH UH(EK-
1A, TAKKMH KaK OOppeNnH, SPIUXUH, aHaIUIa3Mbl, PUK-
KETCHH, TAKXKe MTEPEHOCUMBIMH KIIEIIIaMHU 1 HACEKOMBIMHU.

JIOCTOMHCTBOM KHHTHM CIIY’KUT HUCTOPHUUYECKUH OYEpK,
MOCBSAIICHHBIH POCCHUICKUM YY€HBIM, BHECIIUM OTPOM-
HBIA BKJIAJ] B OTKPBITHE W M3YYCHHE BUpPYyCa KIICIICBOTO
sHIehanuTa U pazpaboTKy cpencTB OOpbOBI C JaHHBIM
BeChMa TPO3HBIM 3abojeBaHueM. VcTopust pacKpbITHS
MIPUYMH ¥ WISHTH(UKAIUKA TPUPOIBI JaHHOW OONe3HU
MOCITYXHUIIH BEAYIIUM HUMIYIBCOM pa3BUTHA U (HOpMH-
pOBaHMs OTEYECTBEHHOH IIKOJBI BUPYCOJIOTOB. Bax-
HBIM TIPENICTABISIETCS W TO, YTO MCTOPUYECKHUH pazzeln
U OCHOBY KHUTH copmupoBas akanemMuk PAH, mpod.
B.W. 3100uH, o0mamaronuii OOMUPHBEIME BHPYCOJIOTH-

YECKUMHU U KIMHUYECKUMHU 3HAHUSIMH U BCECTOPOHHEH
HAy4YHOH SpyauLMel, SIBIISIOIUIICS yYaCTHUKOM U Ode-
BUIIIEM MHOTHX pEaJbHBIX COOBITHH, KOTOPBIE JETIU
B OCHOBY MCTOpHYECKOH yacTu kHHUTH. Cpean Hanboee
SIPKUX MPEACTABUTENIEH POCCUICKON BUPYCOIOTHUYECKON
IIKOJIBI, IPUYACTHBIX K U3YYECHUIO MPOOIEMBbI BUPYCHBIX
KJICILIEBBIX SHIE(ATUTOB, MOXHO OTMETUTHh TaKue MMe-
Ha KopHu(eeB O0TeUeCTBEHHON W MHUPOBOI BHPYCOJIOTHH,
kak ML.II. YymaxoB, A.A. Cmopoaunues, E.H. JleBko-
Buy, A.K. Illyonamze, B.JI. ComosbeB, B.B. Iloromu-
Ha, A.H. IlaBmosckuii, JI.A. 3unnbep, C.I1. Kaprmos,
B.A. JTammkeBuy, J[.K. JIbBOB, aBTOp HACTOSIIIEN KOJIIEK-
TUBHOM MoHorpaduu B.M. 3100MH, ¥ MHOTHUX JAPYTHX
OTEUECTBEHHBIX YyueHBIX. s umrarteneit Oymer wHTe-
PECHBIM TIO3HAKOMUTHCS KaK ¢ HAyYHBIM COACPIKAHHEM
KHUTH, TaK ¥ ¢ (pakramMu U3 JTUYHOW W HAaydHOH >KU3HHU
OONBIINX POCCUICKUX YYEHBIX. JTOT aCHEeKT KHUTH MMe-
eT 0c000€ M BaXKHOE 3HAYCHUE I MOJOABIX COBPEMEH-
HUKOB U OyIYIIMX MOKOJEHUH POCCHICKUX YUYEHBIX, MO-
CKOJIbKY pacKpbIBACT HCTUHHBIN IOJBUT UCCIIEJ0BATEIIEH,
PUCKYIOIIUX CBOMM 3[0POBBEM, a IIOIYAC U KU3HBIO, IS
MOJTY4YeHUs] HOBBIX 3HAHWH M MX NPUMEHEHHs B Oopnbe
C ONacHBIMHU WH(EKIIMOHHBIMHI yTPO3aMU BO UM O1aro-
nostyuus Hawed PonuHel.

HecomHeHHO, BBIIIENNTYIO B CBET KHUT'Y CIEIYET PEKO-
MEH/IOBaTh ISl BKJIFOYCHHS B MPOTPaMMy MEIHUKO-OMO-
JIOTUYECKUX KJIaccoB 00Ie00pa3oBaTeIbHON IITKOJIBI,
CPeIHUX Y BHICHIMX Y4eOHBIX 3aBeICHUI OMOIIOTHIeCKO-
TO ¥ METUITMTHCKOTO ITPOdHIIs.

Ynen-koppecnonoenm PAH, npogheccop O.11. XKupnos
391
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]

KonobyxuHa Jltogmuna BacunbeBHa
(20.07.1951-09.08.2024)

9 aBrycra 2024 r. Ha 74-M TOmy KM3HU CKOHYAJIACh
YiIeH PeJaKIMOHHON KOJUIeTuH XypHaia «Bonpocsl Bu-
PYCOIIOTHUIY, PYKOBOAUTEIH OTIEINIAa BUPYCHBIX TeIIATUTOB
U KInHU4eckoil Bupycoiorun HMU Bupycomoruu um.
J.N. NBanosckoro ®I'bY «HUIIM um. H.®. IN'amanen»
Munsgapasa Poccun, naypear I'ocynapcTBeHHONM npeMun
P®, rnaBHbBIM HAyYHBIN COTPYAHUK, Bpad BBICIIECH KBaIH-
(PUKAIMOHHOM KaTEeTOPHH 110 CHENUAIBHOCTH «HH(EKIH-
OHHEIE OONIE3HM», TOKTOP MEIUIIMHCKHUX HayK, Impodec-
cop Jlrommuna BacunweBHa KonobyxuHa.

JI.B. Komobyxuna okonumita Bonrorpaackuii rocy-
JApCTBEHHBIN MEAULIIMHCKUN UHCTUTYT B 1974 . B HUN
Bupycojoruu uM. JI.1. BanoBckoro padorana ¢ 1983 1.
MocJie OKOHYaHHS KJIMHUYECKOW OpIUHATY L.

B 1995 r s3amuTuna auccepTalMiO Ha COUCKaHHE
YUEHON CTeNeHH AOKTOpa MEAMLUMHCKUX HAyK Ha TeMy
«3aboeBaHusl, BBI3BaHHBIE BUpycaMy ceporpynibl Kamu-
(opHmiickoro >aNEhannTa (KIMHUKA, JUATHOCTHAKA, UCXO-
JIB1)» TI0 CIICIUATIBHOCTH «UH(PEKITUOHHBIE OOTEe3H.

C 1991 . — 3aBenytomias J1abopaTopUei pecrupaTop-
HBIX BHPYCHBIX MH(QEKIHMH ¢ ampobanneil JieKapCTBeH-
HbIX cpeacTB; ¢ 2008 . — pyKOBOJIUTENH OT/ENa BUPYC-
HBIX TE€NaTUTOB U KIMHU4Yeckoi Bupyconsorun HUUN Bu-
pyconoruu um. .. IBaHOBCKOTO.
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B 2000 r. JI.B. KonoGyxuHoi#l 6bUI0 MPHUCBOEHO 3Ba-
Hue jaypeara [ocymapctBenHoi npemun PD B obmactu
Hayku u TexHuku. B 2004 r. mpesunuym Poccuiickoit
aKaJeMuH METUITMHCKUX HayK Harpaawi JI.B. Konobyxu-
Hy aumioMoMm IIpemun um. J.U. MBaHOBCKOTO 3a myd-
IIyI0 Hay4YHYIO pa0oTy MO BHUPYCOJOTHH 3a ITUKJI padoT
«Pe3ynbTrarel BUPYCOIOTHYECKUX UCCIEN0BAHUN TI0 PO-
OJeMe HOBBIX M BO3BpAILAOIINXCS HH(MEKIUI Ha TprMe-
pe apOoBHPYCHBIX HH(EKIHID.

Uccnenosanus JI.B. KomoOyxuHoii BHeCIn OONBIION
BKJIQJl B IPOOJIEMY M3yUYESHHS SMUAEMHUOIOTHH, KIMHUKU
Y IMarHOCTHKH HOBBIX apOOBHPYCHBIX 3a00JeBaHHMNA Ha
tepputopun Poccuiickoit @eneparun. Ero Obu1u paspa-
00TaHbI KJIacCU(UKALYS U AITOPUTM JTHATHOCTHKH 3200-
JieBaHUi, BBI3BaHHBIX BHpycamu Kamudopuuiickoro 3H-
nedanuta. Hayunsie uccnenosanus JI.B. KomoGyxunoit
BKJIIOYAJIM anpoOalliio HOBBIX IPOTHBOBHPYCHBIX IMperia-
paroB mipu rpunmne u apyrux OPBU. B teuenue MHOrMX
JIET OHA TIPOBOMIIA TOCTIUTAIFHBI MOHUTOPHHT TPHIIIA,
¢ 2018 o 2019 . HeomHOKpATHO BBIe3Xkaya B Pecmyoiu-
Ky I'BUHEs B KauecTBe MOHHTOPA MEXTyHAPOIHOTO KIIH-
HHUYECKOTO HCCIIEIOBAaHUSA 10 0€30MacHOCTH U UMMYHO-
TEeHHOCTH BAKIMHBI IPOTUB JIUXOPAIKU D60a.

JI.B. KomoOyxuna — aBrop 6onee 250 HaydIHBIX padoT.

3a ycnemnyto paboty JI.B. KomoGyxuHa Harpaxnie-
Ha 3HAaKOM «OTIMYHUK 3PaBOOXPAHEHUS», TOYETHHIMU
rpamotramu IIpaButenscTBa MockBel U1 MuHuHCTEpCTBa
3npaBooxpanenus Poccuiickoit @enepanuu.

Jlrommuty BacuibeBHY OT/IMYaIH BEICOKHN TPOQECcCH-
OHAJIM3M, UCTUHHASA YeJIOBEYHOCTh, BHYTPEHHISI HHTEI-
JUTEHTHOCTh U Xu3Hemobue. OHa monp30Banach O0Ib-
IIMM aBTOPUTETOM U HEU3MEHHBIM YBaXXCHHEM CpPEIU
COTPYAHUKOB U MAI[IEHTOB.

Hayuno-npaktuueckas nesrenbHocTh Jlrogmuisl Ba-
cuibeBHBI KonoOyxuHol Ha mpotrsikenud 41 roga Oblia
cBs3aHa ¢ MHctuTyTOM Bupyconoruu um. JI.1. Banos-
ckoro PAMH, HUIIM um. H.®. T'amanen.

s tex, kro paboran gonrue roawl ¢ Jlironmuioii Ba-
CWJIBEBHOM, 3TO HEBOCIIOJIHUMAS U TSDKEJIasl yTpara.

Csemnas namsame o Jlroomune Bacunvesne nascezoa
coxpanumcsi @ Hauiux cepoyax!

CompyOoruxu omoena UpyCHbuIX 2enamumos
U KIUHUYECKOU 8UPYCONO2UM,

Kone2u no MHo2oremHell pabome

6 HUU supyconoeuu um. J{. 1. Heanoecxozo
u HULJOM um H.®. I'amaneu,

YneHwvl pedakyuoHHOU KOALe2UU JCYPHALA
«Bonpocwl supyconozuu»
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