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Ponb reHetuyeckux Bapuantos Bupyca SARS-CoV-2 Skt
B ¢GopMUPOBaAHUU BHYTPUro0BbIX NOAHEMOB

3aboneBaemoctu COVID-19 Ha Tepputopum

MepMckoro kpas
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1 MepMcKuiA rocynapcTBeHHbI MeIMLIMHCKUIA yHUBEPCUTET MMeHn akafeMuka E.A. Barnepa, MepMb, Poccuiickas Oenepauns;

2 |leHTp rurvieHsl 1 anupemmonorn B MepMcKoM kpae, MepMb, Poccuiickas ®epnepauus;

3 MepMckuit Kpaesoit LieHTP no Bopsbe 1 npodunaxTuke co ML 1 MHGeKUMoHHbIMK 3aboneBaHnaMY, MepMb, Poccuiickas Mepnepauus;
4 MepMcKuit LLeHTp MMMyHonpodunakTuky, MepMb, Poccuiickas Mepepauns

AHHOTALIUA

060cHoBaHue. [pu4mnHbI BHYTPUroLoBLIX NoLbEMOB 3aboneBaeMocTt COVID-19 ocTatoTcs HELOCTaTOMHO U3yYeHHBIMU.
Lienb nccneposanmus — u3yunThb pob reHeTUyeckux BapuaHTo SARS-CoV-2 B hopMMpoBaHUW BHYTPUIOA0BbIX NOLBEMOB
3abonesaemoctv COVID-19 Ha Tepputopum MepMcKoro Kpasi.

Matepuansl n Metogpl. lpoBefeHa oLeHKa NoMecsayHol AuHaMukm 3abonesaeMocTu COVID-19 u netanbHOCTM HaceneHus
lNepmckoro Kpas 3a nepuog ¢ MapTa 2020 roga no 31 pexabpsa 2022 roga. AHanus noMecsa4HOM YacToThbl BblAENEHNSA 0T 6osb-
HbIX Pa3HblX reHeTnyecknx BapuaHToB SARS-CoV-2 ocywiectBnanu no pesynbrataM uccnefoBaHuin 2592 npob Matepuana
BonbHbIX [NepMcKoro Kpas, NpoBeAeHHbIX CneLyanM3MpoBaHHbIMUM 1abopaTopusmu psfa Hay4YHO-MCCNeS0BaTENbCKUX UHCTH-
TyT0B Poccuiickoin ®epepaumy, 3a nepuof, ¢ Mapta 2021 roga no fekabpb 2022 ropa. OueHKy noKasaTtens BCTPe4aeMocTy
|gG-aHTUTeN K KOpOHaBMPYCY CPeau HaceneHus NPOBOAWIM MO JaHHBIM UCCeA0BaHNUN CbIBOPOTKM Kpoeu 14 006 yenoBek.
Pesynbtartbl. B TeyeHne 2020-2022 rogos Ha Tepputopum [lepMcKoro Kpas oTMeueHo 4 noabeMa 3aboneBaemoctu COVID-19
Ha (OHe NOSABNEHNA HOBbIX FEHETUYECKUX BapUaHTOB BO30YaMTENSA, OCHOBHLIMU M3 KoTopbIx bbinn Alpha, Delta u Omicron.
Moabembl 3aboneBaeMoctn COVID-19 u cMeHa reHeTMYeCKOM CTPYKTYpbl BO30yaUTeNs HabntoganuMcb HECMOTPS Ha yBeninde-
HWe CPeau HacenieHus [0/ NUL C COAepxKaHueM B cbiBopoTKe Kposm IgG K SARS-CoV-2. Ha doHe TpeTbero u 4eTBépToro
nogbEMoB 3abosieBaeMoCTy, KOrja Befyllee 3TMONOrMYecKoe 3HadyeHue npuobpén reHotun Omicron, netanbHOCTb MHGEK-
LW CYLLLECTBEHHO CHU3MNACh.

3aknioueHune. BHyTpurogosble noabeMel 3abonesaemocti COVID-19 B 3HaUMTENbHON CTEMEHN CBA3aHbI C U3MEHEHUAMM re-
HETUYECKOW CTPYKTYpbl BO30YAUTENA M HAbM0AA0TCA HECMOTPS Ha YBENMYEHWE CPEaM HacemneHUs KOIMYEeCTBa UL C Hanm-
uneM B cbiBopoTKe Kposm IgG k SARS-CoV-2.

Kntouesblie cnoBa: COVID-19; reHeTuyeckue BapuaHTbl SARS-CoV-2; IgG-aHTuTENa; NeTanbHOCTb.
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The role of genetic variants of the SARS-CoV-2 virus
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of COVID-19 in Perm Region

Victor . Sergevnin!, Irina S. Isaeva?, Marina V. Rozhkova?, Nina |. Markovich*

! Perm State Medical University named after Academician E.A. Wagner, Perm, Russian Federation;

2 Center of Hygiene and Epidemiology in Perm Region, Perm, Russian Federation;

3 Perm Regional Center for Control and Prevention of AIDS and Infectious Diseases, Perm, Russian Federation;
4 Perm Center for Immunization, Russian Federation, Perm, Russian Federation

ABSTRACT

BACKGROUND: The causes of intra-annual increases in COVID-19 incidence remain insufficiently studied.

AIM: This study aimed to investigate the role of genetic variants of SARS-CoV-2 in intra-annual increases of COVID-19 incidence
in the Perm region.

MATERIALS AND METHODS: The monthly dynamics of COVID-19 morbidity and mortality of the population of the Perm region
from March 2020 to December 31, 2022 was assessed. The analysis of the monthly frequency of isolation of patients with
different genetic variants of SARS-CoV-2 was conducted based on the study results of 2,592 samples from patients in the
Perm region performed by specialized laboratories of research institutes in Russia between March 2021 and December 2022.
The assessment of the incidence of IgG antibodies to coronavirus among the population was provided according to blood serum
studies of 14,006 people.

RESULTS: In 2020-2022, 4 rises in the incidence of COVID-19 were detected in the Perm region against the background of the
emergence of new genetic variants of the pathogen, mainly Alpha, Delta, and Omicron. Increases in COVID-19 incidence and
a change in the genetic structure of the pathogen were observed despite an increase in the proportion of people with
SARS-CoV-2 IgG in the blood serum. Against the background of the third and fourth increases in morbidity, when the Omicron
genotype acquired the leading etiological significance, the infection fatality rate decreased significantly.

CONCLUSIONS: Intra-annual increases in COVID-19 incidence are largely associated with changes in the genetic structure of
the pathogen and are observed despite an increase in the number of people among the population with IgG to SARS-CoV-2
in the blood serum.

Keywords: COVID-19; genetic variants of SARS-CoV-2; IgG antibodies; mortality.
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BACKGROUND

To date, various epidemic patterns of the coronavirus
disease 2019 (COVID-19), which is caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), have
been established, particularly the wave-like course of the
epidemic. In the intra-annual dynamics of the incidence of
COVID-19 during the epidemic, increases were noted in
different seasons of the year, including in months atypical for
acute respiratory viral infection seasons [1, 2]. In the Russian
Federation (RF), five increases in incidence were registered in
2020-2022 [3], which occurred during thespring and summer
period (March 30—August 30, 2020), cold period of the year
(August 31, 2020-May 9, 2021), spring and summer months
(May 10-July 12, 2021), autumn—interperiod (September 13,
2021-January 9, 2022), and winter—spring months
(January 10-March 27, 2022). Simultaneously, parallel to the
increases in incidence, new genetic variants of the pathogen
were noted, of which the most significant were the alpha,
delta, and omicron [4]. In different regions, the manifestations
of the COVID-19 epidemic, including the intra-annual dynamics
of the incidence and genetic structure of the pathogen, are not
the same, which indicates the relevance of the analysis of the
regional epidemiological characteristics of the infection.

This study aimed to analyze the role of genetic variants
of SARS-CoV-2 in the intra-annual increases in the incidence
of COVID-19 in the Perm region.

MATERIALS AND METHODS

The monthly dynamics of the incidence and mortality
of COVID-19 in the population of the Perm region for
the period from March 2020 to December 31, 2022
were assessed. Reports from Rospotrebnadzor No. 970
“Information on cases of infectious diseases in individuals
suspected of a new coronavirus infection,” data from the
Epidemiology Department of the Center for Hygiene and
Epidemiology in the Perm region, and the information portal
Stopcoronavirus.rf, were used. Annually, the average
monthly incidence rate (AMI) was calculated, and increases
in incidence were determined based on the AMI.

The monthly frequency of genetic variants of SARS-
CoV-2 was analyzed based on the sequencing results
of 2592 samples of materials from patients in the Perm
region for the period from March 2021 to December 2022.
In accordance with the order of A. Yu Popova “On improving
the molecular genetic monitoring of strains of the causative
agent of the new coronavirus infection” dated February 19,
2021, sequencing of samples from patients from the Perm
region was performed by the Russian Research Anti-Plague
Institute “Microbe” of Rospotrebnadzor, State Research Center
for Virology and Biotechnology “Vector” of Rospotrebnadzor,
A.A. Smorodintsev Research Institute of Influenza, Centre for
Strategic Planning and Management of Biomedical Health
Risks of the Federal Medical and Biological Agency of Russia,
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Research Institute of Disinfectology of Rospotrebnadzor,
and Nizhny Novgorod Research Institute of Epidemiology
and Microbiology. Information about the typing results was
obtained from the platform for aggregating the results
of the genome transcripts of pathogens of infectious and
parasitic diseases (Virus Genome Aggregator of Russia,
VGARus) of the Central Research Institute of Epidemiology
of Rospotrebnadzor.

The incidence of IgG antibodies to the coronavirus was
assessed based on the results of blood serum analyses
of 14,006 apparently healthy individuals who contacted
the laboratory of the Center for Hygiene and Epidemiology
in the Perm region. The studies were performed by
enzyme-linked immunosorbent assay (ELISA) using the
SARS-CoV-2-1gG quantitative-ELISA-BEST test system
manufactured by Vector-Best (Novosibirsk, Russia). The
results were considered positive when the value exceeded
the cutoff. The percentage of the positive results from the
total number of IgG tests performed monthly was calculated.

For the statistical analysis, intensive and extensive
indicators were calculated.

RESULTS

In the comparison of the monthly incidence rates
of COVID-19 in the population of the Perm region with
the average monthly rates for each year, four periods of
intensification of the epidemic were identified (Fig. 1), which
occurred from October 2020 to February 2021 (first period),
June 2021 to January 2022 (second period), January 2022
to March 2022 (third period), and September 2022 (fourth
period). In general, the increased in the incidence in the
Perm region coincided with that in the RF (Fig. 2). The only
exception was the increase in incidence in the RF at the initial
stage of the epidemic in 2020, which was registered only in
large cities such as Moscow and St. Petersburg. Accordingly,
the first period of increase in incidence in the Perm region
coincided with the second period of increase in the RF, the
second period of increase coincided with the third period of
increase in the RF, the first period of increase from January
2022 to March 2022 was noted somewhat later than that in
the RF, and the fourth period of increase coincided with the
increase in the RF.

An analysis of the genetic structure of SARS-CoV-2 from
March 2021 to December 2022 showed (Table 1) that in
March—April 2021, the alpha strain (B.1.1.7) was isolated in
100% of cases. In May 2021, three strains were circulating,
namely, alpha (23.1%), B.1.1.523 (46.2%), and the emerging
delta strain (30.7%). From June to December 2021, the delta
strain was isolated in 93.9%-100% of cases. From January
to July 2022, the genetic subvariants omicron BA.1 and BA.2
were the most common (up to 100%). In August 2022, the
BA.1 and BA.2 variants were replaced by omicron BA.4/BA.5.
In general, these results largely coincided with the data for
the RF [4]. The alpha genovariant (B.1.1.7) was widespread in
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Fig. 1. Monthly incidence of COVID-19 in the Perm Region population for the period from March 2020 to December 2022.
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Table 1. Monthly structure of SARS-CoV-2 genetic lines collected from patients with COVID-19 between March 2021 and December 2022

Month Total Proportion of genetic variants, %
samples Alpha B.1.1.523 Delta Omicron BA.2 or BA.1 | Omicron BA.4/BA.5

2021

March 10 100 0 0 0 0
April 18 100 0 0 0 0
May 13 23.1 46.2 30.7 0 0
June 56 1.8 1.8 96.4 0 0
July 33 0 6.1 93.9 0 0
August 29 0 0 100 0 0
September 35 0 0 100 0 0
October 28 0 0 100 0 0
November 24 0 0 100 0 0
December 48 0 0 100 0 0
2022

January 695 0 0 21.6 78.4 0
February 332 0 0 0 100 0
March 97 0 0 0 100 0
April 82 0 0 0 100 0
May 48 0 0 0 100 0
June 35 0 0 0 100 0
July 34 0 0 0 100 0
August A 0 0 0 477 52.3
September 278 0 0 0 4.0 96.0
October 238 0 0 0 76 92.4
November 237 0 0 0 10.1 89.9
December 103 0 0 0 34.0 66.0

Russia in the winter of 2021. The delta genovariant (B.1.617)
was prevalent from May to December 2021. The omicron
genovariant (B.1.1.529) was discovered in December 2021
and has been dominant in the RF since January 2022.

A comparison of the incidence and genetic structure
enabled us to establish (Fig. 3) that the onset of all increases
in incidence corresponds to the appearance of a new genetic
variant of the pathogen. The first period of increase in the
incidence from October 2020 to February 2021, considering
the genotyping data of the pathogen in the RF since the
beginning of the epidemic, was apparently caused by the
alpha strain. Genetic research in the Perm region, which
began in March 2021, confirmed the leading significance
of this pathogenic strain. The second period of increase

DO https://doiorg/10.17816/EID607427

(July-December 2021) was registered with the dominance
of the delta strain. The third period of increased incidence
(January—March 2022) was caused by the omicron BA.1 and
BA.2 subvariants. Finally, the increase in incidence starting
in September 2022 corresponded with the emergence of the
omicron BA.4/BA.5 strain.

Increases in the incidence of COVID-19 and changes in the
genetic variants of the virus were registered in individuals
with high serum IgG levels to SARS-CoV-2 (Fig. 4). The
percentage of seropositive patients ranged from 7.1% to
49.2% in 2020, from 23.9% to 80.8% in 2021, and from 84.1%
to 100% in 2022. On average, the proportion of seropositive
patients was 18.8% in 2020, 54.8% in 2021, and 92.9% in 2023.
Thus, the increase in the seropositivity rate of the population
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did not prevent a continuing increase in the incidence. The
last two periods of increases in incidence caused by the
omicron strain were registered in >80% of the population
with antibodies.

When assessing the COVID-19 mortality rate, which, as
is known, largely indicates the degree of pathogen virulence,
in 2020-2021 (Fig. 5), when alpha and delta strains were
circulating, this parameter increased. The average mortality
rate was 3.9% during the maximum dominance of the alpha
strain (March—April 2021) and 4.6% during the dominance of
the delta strain (June—December 2021). During the third and
fourth periods of increase in incidence, when the omicron
strain and its subvariants were predominant (2022), the
mortality rate decreased at an average of only 2.7%.

DISCUSSION

In 2020-2022, four increases in the incidence of COVID-19
were registered in the Perm region. Intra-annual increases in
the incidence coincided with the emergence of a new genetic
variant of the pathogen. The first period of increase in the
incidence of the population (October 2020 to February 2021)
was caused by the alpha strain, and the second period (June
2021 to January 2022) was caused by the delta strain. The
third period, which was most pronounced from January 2022
to March 2022 and the fourth period of increase in September
2022 were caused by the omicron variant. These results are
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o
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largely consistent with the scientific literature. Since the
beginning of the COVID-19 pandemic caused by SARS-CoV-2,
the emergence of mutations in this coronavirus has been
regularly recorded worldwide. In particular, several variants
have been discovered globally since the late 2020, including
alpha (B.1.1.7), beta (B.1.351), gamma (P.1), delta (B.1.617),
and omicron (B.1.1.529). This coincides with an increase in
the incidence [5].

Despite the obvious relationship between the increase
in incidence and a change in the genetic variant of the
pathogen, attention should still be paid to the finding that
two of the four periods of increase in incidence occurred
during the cold season; therefore, the influence of seasonal
factors characteristic of aerosol anthroponoses cannot be
excluded. Several studies have shown that factors such
as high population density and high frequency of social
contacts, which are characteristic of urban agglomerations,
contribute to an increase in the intensity of the COVID-19
epidemic, regardless of the restrictive measures taken [6].
In addition, the finding of a decrease in air humidity in the
winter contributes to the increased survival of the virus in
the environment [3].

Increases in the incidence of COVID-19 and changes in
the genetic variants of the pathogen were noted against an
increase in the proportion of individuals with serum IgG levels to
SARS-CoV-2. In other words, the increase in the seropositivity
rate of the population did not prevent a continuing rise in
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Fig. 5. Morbidity and mortality from COVID-19 in Perm Region.
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the incidence. The last two increases in incidence due to
the omicron strain were registered in the presence of IgG
antibodies in >80% of the population. It stands to reason that
the omicron variant is currently the most resistant to immunity
induced by COVID-19 vaccines and past infection because it has
>50 mutations, including substitutions, deletions, and insertions
of 26-32 amino acids [7-10]. Because of the pathogen’s
immune evasion, patients infected with the omicron genetic
variant are probably more infectious than those infected with
other coronavirus variants [11].

During the third and fourth periods of increase in
incidence, when the omicron strain was etiologically most
widespread, the mortality rate decreased significantly
compared with the periods with dominance of other variants.
This may be due to the relatively low virulence of the omicron
strain. Assessment of virulence in a laboratory animal model
showed that Omicron subvariants are less virulent than other
coronavirus variants [12-14].

CONCLUSION

In 2020-2022, four periods of increase in the incidence
of COVID-19 were identified in the Perm region because of
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the emergence of new genetic variants of the pathogen,
mainly the alpha, delta, and omicron variants. Increases
in the incidence of COVID-19 and changes in the genetic
structure of the pathogen occurred despite an increase in
the proportion of individuals in the population with serum
IgG levels to SARS-CoV-2. During the third and fourth periods
of increase in incidence, when the omicron strain acquired
leading etiological significance, the mortality rate of the
infection decreased significantly.

ADDITIONAL INFORMATION

Funding source. This study was not supported by any external
sources of funding.

Competing interests. The authors declare that they have no
competing interests.

Authors’ contribution. All authors made a substantial contribution
to the conception of the work, acquisition, analysis, interpretation of
data for the work, drafting and revising the work, final approval of the
version to be published and agree to be accountable for all aspects of
the work. IV Sergevnin — concept of the study, writing the text of the
article; 1.S. Isaeva — collection of material; M.V. Rozhkova — design
of figures and tables; N.I. Markovich — analysis of scientific literature
data, statistical processing of the material.

7. Araf Y, Akter F, Tang Y, et al. Omicron variant of SARS-CoV-2:
Genomics, transmissibility, and responses to current COVID-19
vaccines. J Med Virol. 2022:94(5):1825-1832. doi: 10.1002/jmv.27588
8. Khan MS, Kim E, Huang S, Kenniston TW, Gambotto A.
Trivalent SARS-CoV-2 S1 subunit protein vaccination induces broad
humoral responses in BALB/c Mice. Vaccines. 2023;11(2):314.
doi: 10.3390/vaccines11020314

9. Zabidi NZ, Liew HL, Farouk IA, et al. Evolution of SARS-CoV-2
variants: Implications on immune escape, vaccination, therapeutic and
diagnostic strategies. Viruses. 2023;15(4):944. doi: 10.3390/v15040944
10. Wang Q, Iketani S, Li Z, et al. Alarming antibody evasion properties
of rising SARS-CaV-2 BQ and XBB subvariants. Cell. 2023;186(2):
279-286. doi: 10.1016/j.cell.2022.12.018

11. Kumar S, Karuppanan K, Subramaniam G. Omicron (BA.1) and
sub-variants (BA.1.1, BA.2, and BA.3) of SARS-CaV-2 spike infectivity
and pathogenicity: A comparative sequence and structural-based
computational assessment. J Med Virol. 2022;94(10):4780-4791.
doi: 10.1002/jmv.27927

12. Mohandas S, Shete A, Kumar A, et al. Comparative athogenicity
of BA.2.12, BA5.2 and XBB.1 with the Delta variant in Syrian hamsters.
Front Microbiol. 2023;(14):1183763. doi: 10.3389/fmich.2023.1183763
13. Suzuki R, Yamasoba D, Kimura |, et al. Attenuated fusogenicity
and pathogenicity of SARS-CoV-2 omicron variant. Nature.
2022:(603):700-705. doi: 10.1038/s41586-022-04462-1

14. Yuan S, Ye ZW, Liang R, et al. Pathogenicity, transmissibility,
and fitness of SARS-CoV-2 omicron in Syrian hamsters. Science.
2022:377(6604):428-433. doi: 10.1126/science.abn8939



https://doi.org/10.1038/s41598-022-19898-8
https://doi.org/10.36233/0372-9311-276
https://doi.org/10.36233/0372-9311-295
https://doi.org/10.36233/0507-4088-72
https://doi.org/10.3390/ijerph19127439
https://doi.org/10.1002/jmv.27588
https://doi.org/10.3390/vaccines11020314
https://doi.org/10.3390/v15040944
https://doi.org/10.1016/j.cell.2022.12.018
https://doi.org/10.1002/jmv.27927
https://doi.org/10.3389/fmicb.2023.1183763
https://doi.org/10.1038/s41586-022-04462-1
https://doi.org/10.1126/science.abn8939

ORIGINAL STUDY ARTICLES

CMUCOK JINTEPATYPbI

1. Tpouenko O.E., Koputa T.B., Kotoea B.0., n ap. 3nnaemuono-
TMYeCKMe W MOJEeKyNApHO-reHeTUYecKue 0CODEHHOCTU MHMEK-
umm COVID-19 B nATylo BOAHY NaHaeMwu B cybbekTax [lanbHe-
BOCTOYHOrO (hefiepanbHoro okpyra Poccumiickoit ®epepaumm //
[lanbHeBOCTOUHbIM KypHan MHQeKumoHHon natonormn. 2022.
N® 42. C. 54-69.

2. Lin G, Hamilton A, Gatalo 0., et al. Investigating the
effects of absolute humidity and movement on COVID-19
seasonality in the United States // Sci Rep. 2022. N 12. P. 16729.
doi: 10.1038/s41598-022-19898-8

3. Axwmrmn BT, Monosa A0, Mnockupesa A.A., n gp. COVID-19:
3BonoumMs naHaemun B Poccun. CoobeHue |: nposiBnenns anu-
Jemudeckoro npouecca COVID-19 // XypHan Mukpobuonoruu,
3NMaemMnonornn 1 nMMyHobmonorum. 2022. 7. 99, N° 3. C. 269-286.
doi: 10.36233/0372-9311-276

4. Axmmrmn BT, Tonosa A0, Xaguzos K.O., n gp. COVID-19: 3go-
noums naHaemmm B Poccm. Coobiuerme ll: avHaMMKa UMpKynsummn
reHoBapvaHToB Bupyca SARS-CoV-2 // XypHan Mukpobronoruu,
3NMaemMnonornn 1 nMmyHobmonormm. 2022. 7. 99, N° 4. C. 381-396.
doi: 10.36233/0372-9311-295

5. bopucosa H./., Koo W.A., Konechmkos AA., n ap. MonwTo-
PWHr pacnpocTpaHeHus BapuaHToB SARSCoV-2 (Coronaviridae:
Coronavirinae: Betacoronavirus; Sarbecovirus) Ha Tepputopum Moc-
KOBCKOr0 PervoHa C NMOMOLLbI0 TapreTHOro BbICOKOMPOW3BOAMTESTb-
Horo cekBeHMpoBaHwsa // Bonpocsl Bupyconorum. 2021. T. 66, N° 4.
C. 269-278. doi: 10.36233/0507-4088-72

6. Md Iderus N.H., Lakha Singh S.S., Mohd Ghazali S., et al. Correlation
between population density and COVID-19 cases during the third wave
in Malaysia: Effect of the Delta variant // Int J Environ Res Public
Health. 2022. Vol. 19, N 12. P. 7439. doi: 10.3390/ijerph19127439

AUTHORS’ INFO

* Marina V. Rozhkova, MD:

address: 21 Arkhitektor Sviyazev street, 614065 Perm, Russia;
ORCID: 0000-0002-1113-1001;

e-mail: RozhkovaMary@yandex.ru

Victor I. Sergevnin, MD, Dr. Sci. (Med.), Professor;
ORCID: 0000-0002-2729-2248;
eLibrary SPIN: 4705-0671;

e-mail: viktor-sergevnin@mail.ru
Irina S. Isaeva, MD;

ORCID: 0009-0000-2629-6995;

e-mail: isaeva27iris@gmail.com

Nina I. Markovich, MD, Dr. Sci. (Med.);
ORCID: 0000-0002-5596-4611;
eLibrary SPIN: 1313-1740;

e-mail: barhat120140@mail.ru

* Corresponding author / ABTop, 0TBETCTBEHHBIV 3@ NepenucKy

Vol. 28 (6) 2023

DO https://doiorg/10.17816/EID607427

Epidemiology and Infectious Diseases
351

7. Araf Y., Akter F., Tang Y., et al. Omicron variant of SARS-
CoV-2: Genomics, transmissibility, and responses to current
COVID-19 vaccines // J Med Virol. 2022. Vol. 94, N 5. P. 1825-1832.
doi: 10.1002/jmv.27588

8. Khan M.S. Kim E., Huang S., Kenniston T.W., Gambotto A.
Trivalent SARS-CoV-2 S1 subunit protein vaccination induces broad
humoral responses in BALB/c Mice // Vaccines. 2023. Vol. 11, N 2.
P. 314. doi: 10.3390/vaccines11020314

9. ZabidiN.Z, Liew H.L., Farouk LA, et al. Evolution of SARS-CoV-2
variants: Implications on immune escape, vaccination, therapeutic
and diagnostic strategies // Viruses. 2023. Vol. 15, N 4. P. 944.
doi: 10.3390/v15040944

10. Wang Q. lketani S., Li Z, et al. Alarming antibody evasion
properties of rising SARS-CoV-2 BQ and XBB subvariants // Cell.
2023. Vol. 186, N 2. P. 279-286. doi: 10.1016/j.cell.2022.12.018

11. Kumar S., Karuppanan K., Subramaniam G. Omicron (BA.1) and
sub-variants (BA.1.1, BA.2, and BA.3) of SARS-CoV-2 spike infectivity
and pathogenicity: A comparative sequence and structural-based
computational assessment // J Med Virol. 2022. Vol. 94, N 10.
P. 4780-4791. doi: 10.1002/jmv.27927

12. Mohandas S., Shete A, Kumar A, et al. Comparative
athogenicity of BA.2.12, BA.5.2 and XBB.1 with the Delta variant
in Syrian hamsters // Front Microbiol. 2023. N 14. P. 1183763.
doi: 10.3389/fmicb.2023.1183763

13. Suzuki R., Yamasoba D., Kimura ., et al. Attenuated fusogenicity
and pathogenicity of SARS-CoV-2 omicron variant // Nature. 2022.
N 603. P. 700-705. doi: 10.1038/s41586-022-04462-1

14.Yuan S, Ye ZW,, Liang R,, et al. Pathogenicity, transmissibility,
and fitness of SARS-CoV-2 omicron in Syrian hamsters // Science.
2022. Vol. 377, N 6604. P. 428-433. doi: 10.1126/science.abn8939

0b ABTOPAX

* PoxkkoBa MapuHa BnagummupoBHa;

afpec: Poccus, 614065, Nepmb, yn. Apxmtektopa Causasesa, 4. 21;
ORCID: 0000-0002-1113-1001;

e-mail: RozhkovaMary@yandex.ru

CepreBHuH Buktop UBaHoBuu, a-p Mef. Hayk, npodeccop;
ORCID: 0000-0002-2729-2248;

eLibrary SPIN: 4705-0671;

e-mail: viktor-sergevnin@mail.ru

WUcaeBa UpuHa CepreeBHa;
ORCID: 0009-0000-2629-6995;
e-mail: isaeva27iris@gmail.com

MapkoBuy HuHa UBaHoBHa, A-p Mefl. Hayk;
ORCID: 0000-0002-5596-4611;

eLibrary SPIN: 1313-1740;

e-mail: barhat120140@mail.ru



https://doi.org/10.1038/s41598-022-19898-8
https://doi.org/10.36233/0372-9311-276
https://doi.org/10.36233/0372-9311-29
https://doi.org/10.36233/0507-4088-72
https://doi.org/10.3390/ijerph19127439
https://doi.org/10.1002/jmv.27588
https://doi.org/10.3390/vaccines11020314
https://doi.org/10.3390/v15040944
https://doi.org/10.1016/j.cell.2022.12.018
https://doi.org/10.1002/jmv.27927
https://doi.org/10.3389/fmicb.2023.1183763
https://doi.org/10.1038/s41586-022-04462-1
https://doi.org/10.1126/science.abn8939
https://orcid.org/0000-0002-1113-1001
mailto:RozhkovaMary@yandex.ru
https://orcid.org/0000-0002-2729-2248
https://www.elibrary.ru/author_profile.asp?spin=4705-0671
mailto:viktor-sergevnin@mail.ru
https://orcid.org/0009-0000-2629-6995
mailto:isaeva27iris@gmail.com
https://orcid.org/0000-0002-5596-4611
https://www.elibrary.ru/author_profile.asp?spin=1313-1740
mailto:barhat120140@mail.ru
https://orcid.org/0000-0002-1113-1001
mailto:RozhkovaMary@yandex.ru
https://orcid.org/0000-0002-2729-2248
https://www.elibrary.ru/author_profile.asp?spin=4705-0671
mailto:viktor-sergevnin@mail.ru
https://orcid.org/0009-0000-2629-6995
mailto:isaeva27iris@gmail.com
https://orcid.org/0000-0002-5596-4611
https://www.elibrary.ru/author_profile.asp?spin=1313-1740
mailto:barhat120140@mail.ru

	Эпидемиология и инфекционные болезни
	Роль генетических вариантов вируса SARS-CoV-2 в формировании внутригодовых подъёмов заболеваемости COVID-19 на территории 
Пермского края 
	АННОТАЦИЯ
	Как цитировать


	The role of genetic variants of the SARS-CoV-2 virus in forming of intra-annual increases in the incidence 
of COVID-19 in Perm Region 
	ABSTRACT
	To cite this article

	BACKGROUND
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	References
	CONCLUSION
	ADDITIONAL INFORMATION
	Список литературы
	AUTHORS’ INFO
	ОБ АВТОРАХ



