PROBLEMS OF VIROLOGY (VOPROSY VIRUSOLOGII). 2025; 70(3)
https://doi.org/10.36233/0507-4088-302

ORIGINAL RESEARCHES

ORIGINAL STUDY ARTICLE W) Check for updates
DOI: https://doi.org/10.36233/0507-4088-302 :|

© BURTSEVAE.L, BRESLAV N.V,, MUKASHEVA E.A., KRASNOSLODOTSEV K.G., KIRILLOVA E.S., TRUSHAKOVA S.V.,, KOMAROVA LA,
FEODORITOVA E.L., PANOVA A.D., KISTENEVA L.B., KHLOPOVA LN., KRUZHKOVA 1.S., KREPKAIA A.S., MOROZOVA E.O., IGNATIEVA A.V.,
KOMISSAROV A.B., TYURIN LN., SAMKOV A.A., ANTIPJAT N.A., 2025

Epidemic season 2023-2024: the palette of ARVI pathogens
in some territories of the Russian Federation and WHO regions

Elena I. Burtseva' , Natalya V. Breslav', Evgenia A. Mukasheva', Kirill G. KrasnoslodotseVv’,
Elena S. Kirillova', Svetlana V. Trushakova', Irina A. Komarova?, Elena L. Feodoritova®,

Anna D. Panova’, Lidiya B. Kisteneva', Irina N. Khlopova', Irina S. Kruzhkova',

Anastasiya S. Krepkaia', Ekaterina O. Morozova', Anna V. Ignatieva', Andrey B. Komissarov?,
Igor N. Tyurin*, Aleksey A. Samkov*, Natalya A. Antipjat*

'"The N.F. Gamaleya Research Center of Epidemiology and Microbiology of Ministry of Health, 123098, Moscow, Russia;
2Pacific State Medical University of the Ministry of Health of the Russian Federation, 690002, Vladivostok, Russia;
3Research institute of influenza named after A.A. Smorodintsev of Ministry of Health, 197022, St. Petersburg, Russia;
“Clinical Hospital for Infectious Diseases No. 1, Department of Health of Moscow, 125310, Moscow, Russia

234

Abstract

The purpose of this work was to determine the characteristics of the circulation of acute respiratory viral infection
(ARVI) pathogens during the epidemic season of 2023-2024 in the WHO regions and Russian Federation.
Materials and methods. The article uses virological, immunological, and statistical methods, analytical material
from the WHO website, to assess the circulation of ARVI pathogens in the Russian Federation and WHO regions.
Results. The detection rate of positive samples in clinical materials was as follows: influenza viruses — 7.7%,
ARVI-17.1% and SARS-CoV-2 — 6.5%. According to antigenic and molecular genetic properties, the population of
the dominant subtype of the influenza A(H3N2) virus was heterogeneous and differed from the vaccine strain. The
favorable sensitivity profile of epidemic strains to drugs with antineuraminidase activity (oseltamivir and zanamivir)
and cap-dependent endonuclease inhibitor (baloxavir marboxil) was preserved. There was a tendency to increase
the activity of respiratory pathogens such as HPIV, HAdV, HRsV, HRV, HCoV and HMPV. WHO experts have
developed recommendations on the composition of influenza vaccines for the countries of the Northern and the
Southern hemispheres with the replacement of the component of the influenza A(H3N2) virus: A/Darwin/9/2021
with A/Thailand/8/2022 and A/Croatia/13601RV/2023 accordingly. Cases of human infection with avian and swine
influenza viruses continue to be registered.

Conclusion. Against the background of a relatively low circulation of new SARS-CoV-2 variants in the 2023-2024
season, epidemic activity of influenza viruses was recorded in the countries of the Northern hemisphere at the
traditional time. Globally, its onset was associated with the influenza A(H3N2) virus, followed by an increase in the
activity of the influenza A(H1N1) pdmO09 virus and influenza B. As in previous seasons, differences in the proportion
of influenza viruses in WHO regions, including cities of the Russian Federation, were traced.

Keywords: epidemic season 2023-2024; influenza; SARS-CoV-2; ARVI; antigenic properties; genetic properties;
the composition of influenza vaccines for the countries of the Northern hemisphere (2024-2025)
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Pestome

Llenb HacTosiwen paboTbl 3aknioyanack B onpeaeneHmn ocobeHHOCTEN LMpKynsaumMmM Bo30yauTenen ocTpbix pe-
cnupaTopHbIX BUPYCHbIX MHGekunin (OPBW), B Tom uncne Bupycos rpunna u SARS-CoV-2, B nepuog anvaemuye-
ckoro ce3oHa 2023—-2024 rr. B permoHax BcemupHon opraHusaumm 3gpasooxpaHeHms (BO3) n page pernoHos PO.
MaTepuanbl u metoabl. B crtatbe ncnonb3oBaHbl BUPYCONOrMYeckne, MMMYHOIOrMYECKME U CTaTUCTUYECKUe
MeToAbl, @ TaKke aHanuTu4eckuin matepuan canta BO3 gnsa oueHkn ocobeHHocTen Lmpkynauum Bo3byauTenen
OPBW B pernoHax BO3 1 Ha otaenbHbIx Tepputopusax PO.

Pe3synbTaTthbl. HacToTa BbISIBNEHWSA NONOXMTENbHBLIX MPO6 B KIMHUYECKNX MaTepuanax coctaBuna: BUpyCcoB rpun-
na 7,7%, OPBU — 17,1% n SARS-CoV-2 — 6,5%. o aHTUreHHbIM 1 MONeKynsipHO-TeHETUYECKUM CBOWCTBaM
nonynsauma gomuHupyowero nogtuna supyca rpunna A(H3N2) Obina reteporeHHon 1 oTnMyanachb OT BaKLMHHOIO
wramma. CoxpaHeH 6naronpuATHbIA NPogunb YyBCTBUTENBHOCTU 3NMOEMUYECKMX LLUITaMMOB K Npenapatam C aH-
TUHENPaMUHNMOA3HON aKTUBHOCTLIO (OCENsTaMUBUPY U K 3aHaMMUBUPY) U MHTMBUTOPY K3n-3aBUCMMOW SHAOHYKNea-
3bl (6anokcaBupy map6okcuny). OTMedeHa TEHAEHLMS K POCTY aKTUBHOCTM TakUX PECNUPATOPHbIX NAaTOreHoB, Kak:
HPIV, HAdV, HRsV, HRV, HCoV 1 HMPV. Skcneptamu BO3 BbipaboTaHbl pekoMeHAaLmm no cocTaBy rpunmno3HbIX
BaKUMH ansa ctpaH CeBepHOro n KOXHOro nonywapum ¢ 3amMeHon komnoHeHTa Bupyca rpunna A(H3N2): A/Oap-
BMH/9/2021 Ha A/Tannana/8/2022 n A/Xopsatnsi/10136RV/2023 cooTBeTcTBEHHO. NpoaomKkalT perncTpupoBarb
cnyyan nHUUMPOBaHWA N0Aen BUpycamMu rpunna Nyl U CBUHEN.

3akntoyeHue. Ha doHe OTHOCUTENbHO HU3KOM LUPKYNauMM HoBbiXx BapmaHToB SARS-CoV-2 B cesoHe 2023-
2024rr., B cTpaHax CeBepHOro nonyLiapusi permctpupoBany anuaeMuyeckyto akTMBHOCTb BUPYCOB rpunna B Tpa-
OUUMOHHBbIE cpoku. B rmobaneHom macwtabe ero Hayano 6bino ceasaHo ¢ Bupycom rpunna A(H3N2), 3atem pe-
rMcTpmupoBanu pocT akTueHocTu Bupyca rpunna A(H1N1) pdm09 u rpunna B. MNpocnexeHsbl, kak 1 B NpeabiayLine
CEe30HbI, pasnuuns nNo AoneBoMy y4acTuio BUPYCOB rpunna B permoHax BO3, B Tom uncne, n no ropogam P.

KntoueBble cnoBa: snudemuyveckuli ce3oH 2023-2024 zz.; epunn; SARS-CoV-2; OPBU; aHmuzeHHble ceolicmea;
e2eHemud4eckue ceolicmea; cocmas 2purrno3Hbix 8akyuH 0n1s cmpaH CeeepHO20 nonywapusi
(2024-2025 e2.)

Ons uutupoBaHuma: bypuesa E.W., Bpecnas H.B., Mykawesa E.A., KpacHocno6ogues K.I., Kupunnosa E.C., Tpy-
wakosa C.B., Komaposa U.A., ®eogoputosa E.J1., NaHoea A.Ll., Knctenesa J1.6., Xnonosa W.H., Kpyxkosa W.C.,
Kpenkas A.C., Mopososa E.O., UrHaTtbeBa A.B., Komuccapos A.B., TiopuH U.H., CamkoB A.A., AHTUNAT H.A. Onu-
aemunyecknn cesoH 2023-2024 rr.: nanutpa Bo3dyautenen OPBU Ha HekoTopbIx Tepputopusix PO n B permoHax
BO3. Bonpocsi supycomnozuu. 2025; 70(3): 234—245. DOI: https://doi.org/10.36233/0507-4088-302
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®duHaHcMpoBaHue. VccnegoBaHne nNpoBedeHO B paMKax BbIMOMHEHUSI TeMbl FOCYAAPCTBEHHOrO 3afaHus B nepvop
2022-2024 rr. «Co3gaHue naHenu ctaHaapTHbIX 06pasLoB (KNMHUYECKMX, BUPYCHbIX, BakTepuanbHbIX) Ans Banugaumm n
akTyanuaaumm TecT-CcUCTEM, UCTIONb3yeMbIX B ANArHOCTVKE, NPOrHO3MPOBaHUN TedeHust 3abonesaHuns 1 oueHke adpdek-
TMBHOCTY neveHus n npodgunaktmkm SARS-CoV-2, rpunna n gpyrnx OP3».

BnarogapHocTn. ABTOpbI BbipaxatoT rrybokyto 6naroqapHoCcTb 3@ MHOroneTHee COTPyAHWMYECTBO B HAA30pe 3a LMPKY-
nauvewn Bupycos rpunna B Poccuiickon ®epepauum konneram 10 onopHeix 6a3, npeacrasneHHbiMn ®BY3 «LeHTp rvru-
eHbl 1 anuaemuonorun» PocnotpebHaasopa, B EBponeiickoit yactu: M.B. Xapnamosy (r. Hosropog Benukuit), C.A. Ywa-
koBy (r. luneuk), M.B. bBynaHosy (r. Bnagumup), 6.A. Manuukomy (r. Apocnaens), T.B. PabunuHon (r. Mensa), E.I. MNpo-
konbeBol (r. Yebokcapbl); Ha Ypane: [1.C. KoHcTtaHTuHOBY (. OpeHbypr); B Cubupu: A.B. LUnxuHy (r. Tomck), Ha JansHem
Boctoke: A.B. Byknukosy (r. BupobumxkaH) n J1.6. PomaHoBon (r. BnagnsocTok).

KoHcnukT nHTepecoB. ABTOpbI AeKNapupyOT OTCYTCTBUE SIBHBIX U MOTEHUManbHbIX KOHMIUMKTOB MHTEPECOB, CBsi3aH-
HbIX C Nybrnkaumen HacTosALWen cTaTbu.
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OTnyeckoe yTBepxaeHue. ViccnenosaHue npoBoannocs npu 4obpoBonbHOM MHGOPMUPOBaAHHOM Corflacum
nauuneHToB. [poTokon uccnegosaHusa ogobpeH dtudecknum kommutetom MNBY3 . Mocksbl «IHMEKUMOHHAsA KnNnHNYeckas
6onbHuua Ne 1 [lenaptameHTa 3apaBooxpaHeHusi ropoga Mocksbl» (Mpotokon Ne 8 ot 28.12.2022).

Introduction

Against the background of the continuous circulation
of the new SARS-CoV-2 coronavirus, the activity of oth-
er respiratory pathogens, including influenza, during the
last 3 epidemic seasons (2020-2023) was lower compared
to the pre-pandemic period due to COVID-19 [1-4]. De-
spite this, variability of SARS-CoV-2 and influenza vi-
rus populations was noted, which could not but affect the
features of the epidemic process of acute respiratory viral
infections (ARVTI) in the post-COVID period! [5, 6]. The
study of the peculiarities of variability of viral pathogens,
as well as the ability to predict evolutionary relationships
can increase the level of control over the pathogens of
acute respiratory viral infections and, first of all, influenza
and SARS-CoV-2 viruses, for which vaccines have been
developed [7]. When continuing the previously conduct-
ed annual studies, the assessment of the specific features
of the development of the 2023-2024 influenza epidemic
by frequency of occurrence and spectrum of respiratory
pathogens in individual territories of the Russian Federa-
tion, as well as in the regions of the World Health Organi-
zation (WHO) was of certain interest. There is an obvious
necessity to analyze the results of the study of evolution-
ary variability of avian and swine influenza viruses, cases
of which were detected in humans in different countries
of the world, to assess the risks of overcoming the inter-
species barrier and the possible formation of a new pan-
demic variant?.

The aim of the present study was to determine the
peculiarities of circulation of ARVI pathogens, including
influenza and SARS-CoV-2 viruses, during the epidemic
season 2023-2024 in a number of regions of the Russian
Federation and the WHO.

Materials and methods

Collection of data on incidence and laboratory
diagnosis of ARVI pathogens. Within the framework
of epidemiological surveillance over the circulation of
influenza and ARVI viruses in the Russian Center for
Ecology and Epidemiology of Influenza (CEEI) of the
D.I. Ivanovsky Institute of Virology of the N.F. Gamaleya
NRCEM of the Russian Ministry of Health in cooperation
with 10 reference bases represented by territorial
departments and Centers of Hygiene and Epidemiology
of Rospotrebnadzor in the European part (Novgorod
Veliky, Lipetsk, Vladimir, Yaroslavl, Penza, Cheboksary),
the Urals (Orenburg), Siberia (Tomsk) and the Far East
(Birobidzhan and Vladivostok), we analyzed incidence

'COVID-19 epidemiological update — 9 October 2024. Edi-
tion 172. Available at: https://www.who.int/publications/m/item/
covid-19-epidemiological-update-edition-172

“Risk assessments and summaries of influenza at the human-animal
interface. Available at: https://www.who.int/teams/global-influenza-
programme/avian-influenza/monthly-risk-assessment-summary.
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and hospitalization rates in different age groups of the
population, as well as the results of laboratory diagnosis
of respiratory pathogens. The observation period was
from week 40 (October) of 2023 to week 39 (September)
of 2024.

Analysis of influenza and ARVI incidence in different
age groups, isolation of influenza viruses, reverse
transcription polymerase chain reaction (RT-PCR),
hemagglutination inhibition reaction, assessment
of sensitivity to anti-influenza drugs, and statistical
processing of the results obtained have been described
in previous studies [1, 2]. Within the scope of traditional
surveillance, the volume of studies using laboratory
methods amounted to: 44,719 clinical samples/isolates/
strains for influenza viruses, 40,277 clinical samples for
ARV, and 30,890 clinical samples for SARS-CoV-2.

Whole genome amplification of influenza A and B
viruses was performed according to the previously
described methodology [8, 9]. The complementary DNA
library was prepared using the SQK-LSK 109 kit (Oxford
Nanopore, UK) followed by sequencing on a MinlON
instrument (Oxford Nanopore, UK). Bioinformatic data
processing was performed using the guppy ver.6.3.8,
porechop ver.0.2.4, nanofilt ver.2.3.0, minimap?2 ver.2.24,
medaka ver.1.7.2 and beftools ver.1.13 software packages.

Results

From October 2023 (week 40) to Septem-
ber 2024 (week 39) in the territories cooperating with
CEEG, it was registered that the epidemic threshold of
ARVI incidence in relation to the average indicator for
the Russian Federation (72.6 per 10 thousand population)
was exceeded in the periods of weeks 47-52 of 2023, as
well as weeks 2-7, 9 and 11 of 2024. The maximum in-
cidence rate for the total population (average value based
on the data of 10 cities of the Russian Federation) was
registered on week 51 of 2023 (135.9) — in the same pe-
riod as in the previous season, but with a lower indica-
tor (157.0). During this period, the frequency of positive
samples for respiratory pathogens was 34.2%, including
influenza viruses — 18.9%, SARS-CoV-2 — 5.7%, other
ARVI -9.6%.

The average incidence rate of acute respiratory viral
infections for the whole season was slightly lower
compared to that of the previous period (69.1 and 71.6,
respectively); at the same time, a slight increase was noted
in children 0-2 years of age (mean 303.1 with an interval
0f6.9-553.8 and 294.4 (9.2-475.2), respectively); in other
age groups, a decrease was noted: In children 3—6 years
(264 (6.4-409.6) and 273.9 (10.5-425.4), respectively),
school children (137.6 (5.5-225.6) and 141.4 (9.4-218.3),
respectively) and adults (41.6 (29.0-58.3) and 43.6
(19.4-54.3), respectively).

Dynamics of the frequency of positive findings for
influenza A and B viruses, SARS-CoV-2 and acute re-
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Fig. 1. Dynamics of the frequency of detection of positive samples for virus respiratory pathogens (%) in clinical samples by RT-PCR during
epidemic season 2023-2024.

Puc. 1. /lunamuka 9acTOTHI BRISBICHHS IOJIOKUTEIBHBIX 00pa3IoB Ha BUPYCHEIE pecIipaTopHble Bo30ynuTenu (%) B KIMHHIECKUX MaTepH-
anax metornoMm OT-IILIP B nepuon snuaemuueckoro cezona 2023-2024 rr.

spiratory viruses (including: human parainfluenza virus-
es types 1, 2, 3 and 4 (HPIV); human adenoviruses of
groups B, C and E ((HAdV); human respiratory syncytial
virus (HRSV); human rhinovirus (HRV); human bocavi-
rus (HBoV); human metapneumovirus (HMPV); human
Coronavirus (HCoV)) by RT-PCR during October 2023 —
September 2024 is presented in Fig. 1.

The epidemic season of 2023-2024, as well as the
previous one, started with high rates of positive samples
for acute respiratory viruses of non-influenza etiology
(28.3%). Against the background of decreasing activity
of ARVI pathogens and relatively low frequency of posi-
tive samples for SARS-CoV-2 (up to 9.1%), there was an
increase in the activity of influenza viruses with the max-
imum number of positive samples (31.5%) during the 1st
week of 2024. These data indicate high epidemic activity
of influenza viruses during this period and correlate with
the incidence of ARVL.

During weeks 3—24 of 2024, an increase in the activi-
ty of other respiratory pathogens was registered with the
maximum rate of positive samples up to 26.0%; and up to
week 27 of 2024, the rate of positive samples was not less
than 10.0%. An increase in rates was also noted between
week 37 and 39 of 2024 (up to 14.1%).

The highest SARS-CoV-2 activity was seen between
weeks 11-16 of 2024.

The frequency of positive findings by PCR between
week 40 of 2023 and week 26 of 2024 was: 7.7% (out
of 38,070 subjects) for influenza, 17.1% (out of 33,869
subjects) for ARVIL, and 6.5% (out of 26,257 sub-
jects) for SARS-CoV-2; in the period of June—Septem-
ber 2024 (week 27-39 of 2024) the rates were significant-
ly lower and amounted to: 9.7% (out of 6408 examined)
for ARVI and 4.9% for SARS-CoV-2 (out of 4633 exam-
ined). At the same time, their activity varied in different
cities of the Russian Federation (Table 1).

The highest frequency of positive influenza samples
was observed in Moscow, Vladivostok, Tomsk and Biro-
bidzhan; SARS-CoV-2 — in Moscow, Cheboksary, Vlad-
ivostok and Yaroslavl. HRV (5.9%), HRSV (2.4%) and
HCoV (2.1%) were considered the top three “leaders” in
the structure of seasonal acute respiratory viral infections,
with higher rates of positive samples for HPIV detected
in Birobidzhan, Vladimir and Yaroslavl; for HAdV — in
Moscow, Birobidzhan and Yaroslavl. Moscow, Birobid-
zhan and Yaroslavl; HRV — in Moscow, Birobidzhan and
Vladivostok; HCoV — in Yaroslavl, Moscow and Vladi-
mir; HBoV — in Vladimir, Vladivostok and Birobidzhan;
HMPV — in Yaroslavl, Orenburg and Birobidzhan.

At the same time, the regions of Russia did not differ in
the proportion of influenza virus types/subtypes (Fig. 2).
Influenza A virus dominated in the 2023-2024 season in
all territories cooperating with the NRCEM CEEI. In the
structure of influenza A virus, A(H3N2) was most active,
with a share of 95.0%. Influenza B virus strains were de-
tected only in 5.0% of cases, while in certain cities its
activity was higher compared to other cities in the Euro-
pean part of the Russian Federation: in Moscow (10.3%),
Lipetsk (15.3%), Vladimir (7.5%), Yaroslavl (5.5%) and
Vladivostok (8.7%).

The results of antigenic characterization of epidem-
ic strains are presented in Table 2. The studies were
conducted with respect to influenza viruses included in
the vaccines for the Northern Hemisphere countries in
the 2023-2024 season’.

SRecommendations announced for influenza vaccine
composition for the 2024-2025 northern hemisphere influenza
season; 2024. Available at: https://www.who.int/ru/news/item/23-
02-2024-recommendations-announced-for-influenza-vaccine-
composition-for-the-2024-2025-northern-hemisphere-influenza-
season
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Table 1. The results of PCR diagnostics of influenza, SARS-CoV-2 and some acute respiratory infections in the period October 2023 — September
2024 at the Centre of Ecology and Epidemiology of Influenza (CEEI) in National Research Centre of N.F. Gamaleya and in the territories of the
Russian Federation cooperating with it

Tadauua 1. Pesynsrarst [1LP-nuarnoctuku rpunmna, SARS-CoV-2 u nexoropsix OPBU B nepuon okta6pst 2023 1. — centsiops 2024 r. 8 LIDOI
HULIDOM nm. H.®. N'amanen u Ha COTPYAHUYAIONMUX C HUM Tepputopusix PO

Canters of Hygiene

The number of samples examined for the presence of respiratory pathogens by RT-PCR
Yucno 06pa3LoB, H3yUEHHBIX HA HAJIMYNE PECITHPATOPHBIX martoreHoB Metogom OT-TTLIP
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Fig. 2. The share of influenza viruses during the epidemic season 2023-2024 in different regions of the Russian Federation (according

to the Centers of Hygiene and Epidemiology of cities, regions, republics).

Puc. 2. JloneBoe ydacTie BUPYCOB I'pUIIIIA B IIEPUOA dnuaeMuueckoro ce3oHa 2023-2024 rr. B pa3HbIX peruonax PO
(o maHHBIM L[eHTPOB T'MTUEHBI U SMTUIEMHOIIOTHH TOPOIOB, 00NacTel, pecmyOnuK).
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Table 2. Antigenic properties of epidemic strains of influenza A and B viruses isolated in the epidemic season 2023-2024

Tadnauua 2. AHTUTEHHBIE CBOWCTBA SMUIEMUUYECKUX IITAMMOB BUPYCOB rpurnmna A u B. BeleneHHbIX B anugeMuueckoM ce3one 2023-2024 rr.

Type/subtype
of the influenza
virus
Tun/mogTum

Influenza virus strains included in influenza vaccines in the
2023-2024 season (relation to homologous titer)
[lITaMMBI BUPYCOB TPHIINA. BOUIEALIME B COCTAB IPHIINO3-

HBIX BakIuH B ce30He 2023-2024 rT. (OTHOILICHUE K TOMOJIO-

Ob6uiee yncio
H3YYCHHBIX [ITAMMOB
The total number
of strains studied

The number of strains closely related to the
reference serum/the number of studied
Yuciio mTaMMoB. OJIM3KOPOJICTBEHHBIX

ITAIIOHHON CHIBOPOTKE/YHCIIO H3YICHHBIX

BHUpYCa IpHIINa THYHOMY THTPY)

A/Victoria/4897/22
A/Buxropus/4897/22
(1-1/2: 1/4)

Drift variant

Jpeiid-Bapuant
(<1/4)

A/Darwin/9/21
A/[lapun/9/21
1-172:1/4)

Drift variant

Jpeiid-Bapuant
(<1/4)

B Victoria-like lineage
JInans Bukropusa-nmogo6HsIxX
B/Austria/135941/21
(1-1/2)
B/Asctpusi/135941/21(A3)

Victoria-like lineage
JInans Bukropusa-nonoOHsIx
Drift variant
Jpeiid-Bapuant
(<1/4)

A(HINT)pdm09

A(H3N2)

2 (100%) : 0

2
0
52 (27.8%) : 103 (55.1%)
187
32 (17.1%)
0: 6 (46.2%)
13

7 (53.8%)

During the period under review, the antigenic proper-
ties of 202 hemagglutinating isolates isolated in Moscow,
Veliky Novgorod, Yaroslavl, Tomsk, Orenburg, Birobid-
zhan and Vladivostok were studied with a spectrum of
specific reference sera. 187 isolates showed affinity to
influenza A(H3N2) virus, and 17.1% of them were drift
variants and interacted with serum to vaccine virus A/
Darwin/9/21(H3N2) to 1/8 and below the homologous
titer; two isolates showed close affinity to influenza
A(HIN1)pdm09; 13 isolates were related to influenza
B virus and interacted with serum to vaccine virus B/
Austria/1359417/21 from 1/16 to 1/4 of the homologous
titer.

The sensitivity of epidemic strains of influenza viruses
isolated in different cities of the Russian Federation to
drugs with antineuraminidase activity was studied. The
data are presented in Table 3.

All of the tested strains showed normal sensitivity to os-
eltamivir and zanamivir, except for 2 influenza A(H3N2)
strains, A/Moskva/26/2023 and A/Moskva/3/2024
(H3N2), which showed reduced sensitivity to oseltamivir
and zanamivir.

Whole genome sequences for 62 strains of influenza
A viruses, including 58 strains of A(H3N2) and 4 strains
of A(HIN1)pdmO9 isolated in different regions of the
Russian Federation, were obtained by high-throughput
sequencing.

Influenza A(H3N2) viruses were assigned to
clade 3C.2alb.2a.2a.2a.3a.1 (2a.3a.1), represented by
virus A/Thailand/8/2022. In 72.0% of the population,
common substitutions N122D, K276E, characteristic of

subclade J.2 (reference strain A/ Sydney/878/2023) were
detected; furthermore, 12 strains were identified that also
carried additional mutations in HA such as 125V, V347M,
more characteristic of subclade J.1 (reference strain A/
Sydney/856/2023); in the Far East, original strains (13)
carrying additional F79L, P239S substitutions in HA were
identified in relation to the J.2 clade: (EPI_ISL 18807375,
EPI_ISL 18808360, EPI ISL 18808361, EPI
ISL 18808362,EPI ISL 18808363,EPI ISL 18808364
EPI ISL 18808365, EPI ISL 18808371, EPI
ISL 19072582,EPI ISL 19072580,EPI ISL 19072579
EPI ISL 19072578 EPI ISL 19072577, EPI
ISL 19072576,EPI ISL 19072575,EPI_ISL 19072574,
EPI ISL 19072573,  EPIL ISL 19072572,  EPL_
ISL_19072571,EPI ISL 19072570,EPI ISL 19072569,
EPI ISL 19072524 EPI ISL 19072523, EPI
ISL 19072522,EPI ISL 19072521,EPI ISL 19072520,
EPI ISL 19072519 EPI ISL 19072518 EPI
ISL 19072517,EPI _ISL 19072516,EPI_ISL 19072515,
EPI ISL 19072514,  EPIL ISL 19072513,  EPL
ISL 19072512,EPI ISL 19072511,EPI ISL 19072510,
EPI ISL 19072509, EPI ISL 19072508, EPI
ISL 19072507,EPI ISL 19072506,EPI ISL 19072505,
EPI ISL 19072504 EPI ISL 19072503 EPI
ISL_19072502,EPI _ISL 19072501,EPI_ISL 19072500,
EPI ISL 19072499 EPI_ISL 19072498 EPI
ISL 19072497,EPI _ISL 19072496,EPI ISL 19072495,
EPI ISL 19072494, EPI ISL 19072493, EPIL_
ISL 19072492,EPI ISL 19072491,EPI ISL 19072490,
EPI ISL 19072489 EPI ISL 19072488)

Influenza A(HINI1)pdm09 influenza virus strains
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Table 3. The susceptibility of influenza epidemic strains A and B, isolated in season 2023-2024 to inhibitors of neuraminidase

Tadauua 3. HyBcTBUTEIBHOCTD SMHIEMHYECKUX LITAMMOB BUPYCOB rpumma A u B, Bbiienenusix B cesone 2023-2024 rr., k npenaparam

C aHTUHEHPaMUHHIA3HOW aKTHBHOCTHIO

Center for Hygiene and Epidemiology IC,, (nM) to antineur'artnini(}a)se drugs (mean value
intervals
q)ggl;os&)otrebnadzor Number of strains Influenza virus strains IC. (nM) K aHTHHei{paMHHUIA3HbIM IPENIApaTaM
((LICHTD PHTHCHBL Yucno mraMMoB [lITamMMbI BEpyCa IpHIIIa % (MHTEpBaIbl CPEIHEro 3HAYEeHHS)

1 SMHAECMHOJIOTUI»

Pocrorpebranzopa OCENBTaAMHBHDY 3aHAMHUBHPY
NRCEM CEEI, Moscow 2 A(HIN1)pdm09 0.5-0.7 0.4-0.9
L23T, HULIDM,

Mockpa 56 A(H3N2) 0.3-5.0 0.9-8.3
3 B 35.6-38.9 4.5-5.1

Novgorod region 2 A(H3N2) 0.9-3.1 1.943

Hogropozckoit obnactu

Yaroslavl region 2 A(H3N2) 0.5-0.6 0.5-1.6

SpocnaBckoit obmacti

Orenburg region 10 A(H3N2) 0.3-0.9 0.64.2

OpenOyprckoii 0biacTu

Tomsk region 5 A(H3N2) 0.4-0.6 0.9-1.2

Tomckoii obnacTu

Primorsky Krai 10 A(H3N2) 0.4-0.7 0.8-2.0

Tpumopcroro kpas 4 B 22.0-42.7 2.0-7.3

Jewish Autonomous District A(H3N2) 0.4-1.0 0.84.1

Espeiickoit AO

TOTAL 2 A(HIN1)pdm09 0.5-0.7 0.4-0.9

UTOTO 89 A(H3N2) 0.3-5.0 0.5-8.3
7 B 22.0-42.7 2.0-7.3

(4) were closely related to the vaccine virus A/Vic-
toria/2570/19, represented by clade 6B.1A.5a.2a
(EPI_ISL 18809332, EPI_ISL 18809333, EPI_
ISL 18809334, EPI_ISL 18809335).

No genetic markers responsible for decreased sensitiv-
ity to neuraminidase (oseltamivir, zanamivir) and poly-
merase complex (baloxavir marboxil) inhibitors were
identified among the strains studied.

Discussion

An early increase in influenza virus activity against a
background of relatively low activity and continued evo-
lutionary variability of SARs-CoV-2 was observed during
the period under review in most countries of the Northern
Hemisphere**.

Accordingto WHO, from October 1,2023 toJune 30,2024,
more than 10 million clinical specimens were tested world-
wide, of which 12.3% were positive for influenza viruses.
An increase in the detection rate of positive samples for
influenza viruses was noted from the beginning of Octo-

*Global influenza programme. Influenza updates. Available at: https://
www.who.int/teams/global-influenza-programme/surveillance-and-
monitoring/influenza-updates

Seasonal influenza - Annual Epidemiological Report for 2023/2024.
Available at:  https://www.ecdc.europa.eu/en/publications-data/
seasonal-influenza-annual-epidemiological-report-20232024
*Weekly U.S. Influenza Surveillance Report. Available at: http://
www.cdc.gov/flu/weekly/index.htm/.
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ber 2023, with the detection rate exceeding the 10% thresh-
old during week 47 0f 2023 (11.0%); the highest rates were
recorded during the last week of 2023 (33.0%); a decrease
in this rate started from week 14 of 2024; by the end of the
season (week 39 of 2024) it was 4.0%, which was higher
compared to the previous season (1.4%). During the period
analyzed, the proportion of influenza viruses was distribut-
ed as follows: influenza type A, 78.0%, and influenza type
B, 22.0%; 25.0% among the subtyped influenza A viruses
were assigned to A(HIN1)pdm09 and 75.0% to A(H3N2);
all of the subtyped influenza B viruses were assigned to the
B/Victoria-like lineage. Differences in the proportion of
influenza viruses by country, temperature zone and WHO
region were observed, as in previous seasons.

In countries of the WHO European Region, increasing
rates of positive samples for respiratory pathogens
were associated with influenza A(H3N2) virus, with a
maximum in week 5 of 2024 (26.1%); decreasing during
week 9 of 2024 (9.8%)°. Influenza B virus was detected
from the 13th week of 2024, mostly in sporadic cases.
During the period under review, the proportion of cases was
distributed as follows: influenza type A — 43741 (93.4%)
and influenza type B — 3066 (6.4%); 10.4% among
influenza A subtyped viruses were A(HIN1)pdmO09
and 89.6% were A(H3N2); all of the influenza B subtyped
viruses (159) were assigned to the B/Victoria-like lineage.

In countries of the WHO Region of the
Americas, the duration of the influenza epidemic
was 15 weeks (from week 49 of 2023), with peak activity
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in late December 2023 (18.1%), with differences in the
predominant virus type: in North America, influenza
virus type A(HIN1)pdm09 dominated (76.5% of the
influenza A virus strains typed)®; in Central America and
the Caribbean, A(H3N2) dominated, with a frequency of
positive samples of up to 81.0%.

Countries in the WHO South-East Region recorded
relatively low influenza virus activity (up to 10.0% of
positive samples tested), with almost equal activity
detected for all 3 influenza viruses.

Countries in the WHO Western Pacific Region showed
highA(H3N2)activity, withapeak inthenumberofpositive
samples at week 49 (34.1%); from week 10 of 2024, an
increase in A(HIN1)pdm09 influenza virus activity was
recorded, with a peak in week 13 of 2024.

In countries in the WHO African Region, co-
circulation of influenza A viruses was recorded from
week 40 of 2023, with high activity of A(HIN1)pdm09
during certain weeks of the season, while influenza B
virus was detected only in sporadic cases. Rates above the
threshold (10.0%) were recorded from week 40 of 2023 to
week 3 of 2024 and from week 18 to week 26 of 2024 (up
to 250 positive samples per week). In central African
countries, the proportion of influenza viruses was:
for influenza A, 62.0% with equal participation of
both subtypes; influenza B, 38.0%. In eastern African
countries, the proportion of influenza viruses was: for
influenza A, 87.0%, including influenza A(H3N2), 72.0%;
influenza B, 13.0%.

Incountriesinthe WHO Eastern Mediterranean Region,
the start of the season was marked by relatively high rates
of positive samples for influenza viruses (22.7% during
week 40 of 2023), peaking by week 43 of 2023 (29.1%).
During this period, high activity of influenza A(HIN1)
pdm09 and B viruses was observed in several countries in
Bahrain, Egypt and Lebanon; co-circulation of A(H3N2)
and B was recorded in Afghanistan; A(HIN1)pdm09 and
A(H3N2) in Tunisia.

A study of the genetic properties of the population of
circulating strains revealed an incomplete correspondence
with the strains included in influenza vaccines in
the 2023-2024 season for the countries of the Northern
Hemisphere.

The population of circulating influenza A(HINI)
pdm09 strains was represented by variants of clade 5a.2a
(subclades C.1,C.7,C.1.7.2,C.8, C.1.9) and clade 5a.2a.1
(subclades C.1.1, D, D.1, D.2, D.3, D.4), comprising
the references — A/Victoria/2570/2017 (vaccine), A/
Sydney/5/2021, A/Wisconsin/67/2022. The highest
activity was observed for subclade C.1.9, which was
dominant in most regions, except in North America,
Central and South America, where subclade D strains
were prevalent.

Influenza A(H3N2) virus strains were assigned to
clade 3C.2alb.2a.2a.2a.3a.1 (subclades J.1-J.4; A/Thai-
land/18/2022), dominated by subclade J.2., whose rep-
resentatives had specific substitutions in hemagglutinin
(HA) — N122D and R276E. Subclade J.1 strains (I125V,
V347M) co-circulated with low frequency in many coun-
tries, except in Asia and Africa, where their prevalence

OPUTUHAJbHbBIE NCCNEAOBAHUA

was noted. Subclades G.1.3.1 (2a.3a) and J.4 (2a.3a.1)
circulated in several countries in West Africa.

Influenza B viruses were less active and all of the typed
viruses belonged to the B/Victoria-like lineage, clade
V1A.3a.2 (B/Austria/1359417/2021); representatives of
the B/Yamagata-like lineage were not detected.

Taking into account the peculiarities of the properties
of the circulating strains, WHO experts substituted influ-
enza vaccines with the influenza A(H3N2) virus compo-
nent: A/Darwin/9/2021 (clade 2a) to A/Thailand/8/2022
(clade 2a.3a.1, subclade J). It should be noted that in the
period February—September 2024, population heteroge-
neity of influenza virus strains continued to be registered
in the population, and to a greater extent it affected influ-
enza virus A(H3N2)pdmO09 (predominant in Russia and
European countries), which became the reason for its re-
placement in the composition of influenza vaccines for
countries of the Southern Hemisphere with a more rele-
vant one (A/Thailand/8/2022, clade 2a.3a.1, subclade J to
A/Croatia/10136RV/2023, clade).

According to WHO data from the 2023-2024 season,
the sensitivity of more than 15,000 influenza A and B vi-
rus strains to drugs with antineuraminidase activity and
about 10,000 to baloxavirus marboxil was tested. The re-
sults showed a good sensitivity profile to all drugs; in gen-
eral, reduced sensitivity to drugs with antineuraminidase
activity was determined among A(HIN1)pdm09 strains
in 1.6%, A(H3N2) in 0.01% and influenza B in 0.2%;
to baloxavir marboxil in 0.1, 0.3 and 0%, respectively.

The second respiratory pathogen for which countries
conduct international monitoring is the new coronavirus
SARS-CoV-2'. In the epidemic season under review, its
activity was significantly lower compared to previous
seasons (in general, the frequency of positive samples did
not exceed 10.0%, with the exception of summer months,
during which maximum rates of up to 13.0% were record-
ed), and its highest activity was observed in countries of
the WHO European Region. A total of 776,301,484 cases
of SARS-CoV-2 infection had been reported worldwide
by September 15, 2024, of which 7,066,329 (0.9%) were
fatal. The top three countries by number of infections
were Europe (36.0%), the Pacific (27.0%) and the Amer-
icas (25.0%). At the same time, the top three countries
in terms of the frequency of fatal outcomes were Europe
(32.0%), America (43.0%) and South-East Asia (11.0%).
The dependence of SARS-CoV-2 activity on the activity
of influenza viruses was traced; it seems that unlike pre-
vious years, SARS-CoV-2 activity decreases against the
background of high activity of influenza viruses. It can be
assumed that SARS-CoV-2 has occupied its niche in the
structure of classical acute respiratory infections.

Furthermore, new variants were also observed in this
virus population with dominance in certain periods.
At the beginning of the season (October 2023), variants
XBB 1.5+F456 (64.5%), BA.2 (20.0%) and BA.2.75
(8.0%) were the most frequently detected. In the follow-
ing months, the BA.2.86 variant was observed to increase
(from November 2023), and by January 2024 its percent-
age was 92.0%. New BA.2.86 variants entered the circu-
lation, in particular JN.1, whose variability was recorded
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in the following months. JN.1 became the “progenitor”
of the strain population named FLiRT. In the period of
September 2024, among the most common subclades of
FLiRT in the European region were such representatives
as KP.3.1.1 (45%), XEC (13%), KP.3.1 (11%), IN.1 (9%),
IN.1.11 (3%), IN.1.16 (3%), IN.1.9 (3%), KP.2 (3%)°.

A.A. Sominina and coauthors reported changes in the
etiologic structure of moderate and severe acute respira-
tory viral infections during the COVID-19 pandemic, in
particular, a significant decrease in the detection rate of
influenza and HRSV viruses (2020-2021), an increase in
the number of cases of metapneumovirus and rhinovirus
infections; an increase in the specific weight of HRSV in-
fection in children against the background of a significant
decrease in the frequency of COVID-19 (2022-2023) [3].
In intensive care units, HRSV infection was most often
detected in children in the post-pandemic period, while
SARS-CoV-2 was most often detected in adults. The data
obtained in this study confirm to a certain extent the pre-
viously identified trends.

A particularly concerning fact is the ability of avian
and swine influenza viruses to infect humans, often re-
sulting in severe cases of disease’ [10]. Among the most
pathogenic are influenza A viruses with hemagglutinin
subtypes H5, H7 and H9.

In the period between September 2023 and Au-
gust 2024. in some countries of the world infection
with avian influenza A(H5N1) virus was confirmed
in 23 cases (Cambodia — 14, USA — 6, 1 case each in
China, Australia and Vietnam), A(H5N6) — 5 cases (Chi-
na), A(HIN2) — 14 cases (China — 11, 1 case each in
Ghana, India and Vietnam), A(H10N3) — 1 case (Chi-
na), A(H10N5) — 1 case (China); infection with swine
influenza viruses A(HIN1)v — 5 cases (USA, Viet-
nam, Brazil, Spain, Switzerland, A(HIN2)v — 5 cases
(USA—-4.UK - 1), A(H3N2)v — 1 case (Canada)®.

Since 2024, cases of infection of farmers with avian
influenza A(H5N1) virus from cows (clade 2.3.4.4.4.b,
genotype B3.13) and from birds on poultry farms (gen-
otype D1.1)® have been reported in the United States.
At the same time, no cases of human-to-human trans-
mission have been registered since 2007. This probably
correlates with data from experiments on ferrets, where
it was shown that the virus of clade 2.3.4.4.b, including
genotype B3.13, was transmitted quite well by direct
contact and extremely limitedly by airborne transmis-
sion [11]. Current virological and epidemiological data
show that despite the ability of avian influenza viruses to
infect humans, they remain avian in their properties with
no “signs” of adaptation to mammals, although the events
0f 2024 in the USA claim the opposite: avian influenza vi-

"Recommendations announced for influenza vaccine composition for
the 2025 southern hemisphere influenza season; 2024. Available at:
https://www.who.int/ru/news/item/27-09-2024-recommendations-
announced-for-influenza-vaccine-composition-for-the-2025-
southern-hemisphere-influenza-season

8Influenza (avian and other zoonotic). Available at: https://www.who.
int/health-topics/influenza-avian-and-other-zoonotic#tab=tab_1
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rus A(H5NT1) was able to infect cows and was then trans-
mitted to humans. All of the above mentioned confirms
the necessity for further research and monitoring.

Conclusion

The epidemic season of 2023-2024 was characterized
by a relatively low activity of SARS-CoV-2 and its new
variants. The epidemic season of 2023—-2024 had its own
peculiarities and, in particular, against the background
of relatively low activity of SARS-CoV-2 and its new
variants, was characterized by an earlier onset, the highest
activity of influenza A virus, with the countries of the
world differing in the dominant subtype (A(HIN)pdm09
or A(H3N2)), as well as in the proportion of influenza B
lineage B/Victoria-like virus; influenza B/Yamagata-like
virus has not been active since March 2020. Depending
on the activity of the type/subtype of influenza virus,
differences in the incidence, involvement of age groups,
and lethality were noted at certain periods of the season.
By antigenic and molecular genetic properties, the
population of epidemic strains of influenza viruses was
close to the viruses included in the influenza vaccines
recommended by WHO experts in the season 2022-2023,
which suggests their high efficacy; a favorable sensitivity
profile to drugs with antineuraminidase activity, as
well as an inhibitor of the enzyme that synthesizes the
matrix RNA of influenza virus was preserved. HRV
(5.9%), HRSV (2.4%) and HCoV (2.1%) represented
the top three “leaders” in the structure of seasonal acute
respiratory viral infections. Cases of human infection
with avian and swine influenza viruses continue to be
registered in the countries of the world. All of the above
mentioned confirms the relevance of research and data
obtained as part of ongoing surveillance for influenza
virus circulation.
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