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Abstract

The purpose of this work was to determine the characteristics of the circulation of various viral respiratory
pathogens during the epidemic season 2022-2023 against the background of the ongoing evolutionary variability
of SARS-CoV-2.

Materials and methods. The article uses methods used in «traditional» and «hospital» epidemiological surveillance
of acute respiratory viral infections.

Results and discussion. The period from October 2022 to September 2023 was characterized by early
and high activity of influenza A(H1N1)pdmO09 virus, which was replaced by influenza B virus. The antigenic
and genetic properties of strains were closely related to influenza vaccines viruses recommended by
WHO experts for the current season. The effectiveness of influenza vaccines was confirmed (75.0%). All
of the studied influenza A(H1N1)pdm09, A(H3N2) and B epidemic strais retained sensitivity to drugs with
antineuraminidase activity. The structure and share of other ARVI pathogens have changed somewhat
compared to the previous season: There was a tendency to increase the activity of HAdV and HMPV; almost
equivalent activity of HRsV, HRV, HCoV and HBoV; and a decrease in HPIV activity. At the same time, the
frequency of other ARVI pathogens did not reach the indicators of the pre-pandemic COVID-19 period. The
rationale for updating the composition of influenza vaccines for the countries of the Northern Hemisphere
in the 2023-2024 season is given.
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Pe3tome

OcHoBHas uenb HacTosiwel paboTbl 3akntoyanack B onpegeneHmm ocobeHHOCTEN LMPKYNALMN Pa3HbIX BUPYCHbIX
pecnMpaTopHbIX MATOreHoB B Neprog anmaemuyeckoro cesoHa 2022—2023 rr. Ha hoHe NPOAOIHKaOLLENCS IBOIHO-
LIMOHHOM n3meH4mBocTH Bupyca SARS-CoV-2.

MaTepuanbl n MeToAbl. B cTaTbe ncnonb3osaHbl MeTOAb!, NPUMEHSEMbIE B «TPAAULNOHHOM» U KFOCMNTanbHOM»
anugemuonornyeckom Haasope 3a OPBU.

Pe3ynbTathl n 06cyxaeHne. Ha gooHe OTHOCUTENBHO HM3KOM akTMBHOCTU SARS-CoV-2 1 ero HoBbIX BApMaHTOB
nepuop ¢ okTA6psa 2022 r. no ceHTAOpb 2023 1. xapaKTepM30Bancsa paHHeN 1 BbICOKOW akTUBHOCTbLIO BUpYyca rpun-
na A(H1N1)pdm09 (Hosi6pb—aekabpb), Ha CMeHy KOTOPOMY MpuLLen BUpYC rpunna B (aAHBapb—mapT); aKTUBHOCTb
Bupyca rpunna A(H3N2) 6bina kpaiHe HU3KOW. [0 aHTUreHHbIM CBOWCTBAM MOMYNSALMM 3NMMAEMUYECKUX LITaM-
MOB ObInn BNIM3KOPOACTBEHHbLI BUPYCaM, BXOAMBLUMM B COCTaB PUMNO3HbLIX BaKUMH U PEKOMEHOOBaHHbIX 3KC-
neptamv BceMupHol opraHn3aummn 3apaBooxpaHeHus Ans TEeKyLlero ce3oHa B ctpaHax CeBepHOro nonyiapusi.
MoaTeepxaeHa acpdpeKTMBHOCTL BaKLMHONPOMUNAKTMKK rpunna y npusBuTbixX (75,0%). Bce nsyyeHHble wrammel
Bupycos rpunna A(H1N1)pdm09, A(H3N2) n B coxpaHunu 4yBCTBMTENbHOCTb K Npenaparam ¢ aHTUHeNnpamMnHu-
[a3HoW akTMBHOCTbIO. CTPyKTypa 1 gonesoe yvyactue gpyrux so3byautenen OPBU no cpaBHeHuto ¢ npeabiaywmm
CE30HOM HECKOMbKO M3MEHUNUCH: BbisiBNEHa TeHaeHums K pocty aktmeHoctu HAAV u HMPV, npaktudecku pas-
Ho3HayHas akTneHocTb HRsV, HRV, HCoV n HBoV u cHmxeHne aktmsHoctn HPIV. MNpn aTom yactoTa gpyrmx Bos-
6yanTenent OPBU He gocTurna nokasatenen npegnaHgemmnyeckoro no COVID-19 nepuoga. JaHo o6ocHoBaHue
aKTyanusauumm coctaBa rpyMnno3HblX BakumH ansa ctpaH CesepHoro nonywapus B ce3oHe 2023—2024 rr.

KnroueBble cnoBa: snudemuyeckuli ce3oH 2022—-2023 2z.; epunn; SARS-CoV-2; OPBU; aHmuzeHHble ceolicmea;
2eHemudyecKue ceolicmea; cocmas 2punno3HbIX eakyuH Ons cmpaH CeeepHoeo (2023-2024 2e.)
u KOxHoezo nonywaput (2024 2.)

Ona uutnpoBaHua: bypuesa E.UN., KonobyxuHa J1.B., MaHoea A.[l., MykaweBa E.A., KpacHocno6ogues K.I.,
Kupvnnoea E.C., Bpecnas H.B., Tpywakosa C.B., Komaposa WN.A., ®eogoputosa E.JI., Mepkynoea J1.H., Xno-
noea W.H., Kpyxkoea W.C., UrHatbeBa A.B., Kpenkasa A.C., Komuccapos A.B., MoutoBbii A.A., Kyctoea [.0.,
lywwmH B.A., TiopuH U.H., CamkoB A.A., AHTunaT H.A. CBoicTBa BUMPYCOB rpunmna, Bbi3BaBLUMX 3NMAEMUYECKUE
nogbemMbl 3abonesaemocty B Poccum n ctpaHax mupa B 2022—-2023 rr. 3¢hdekTMBHOCTL BaKLMHONPOUNAKTUKA.
Bonpocsi supyconoeauu. 2024; 69(1): 42-55. DOI: https://doi.org/10.36233/0507-4088-211 EDN: https://elibrary.
ru/zqtfnx
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®duHaHcupoBaHue. ViccnegosaHve NpoBedeHO B pamKkax BbIMOMHEHWS TeMbl [oCyAapCTBEHHOro 3afjaHus B nepuopg
2022-2024 rr. «Co3pgaHne naHenu ctaHAapTHbIX 06pasLoB (KMMHUYECKUX, BUPYCHBIX, BakTepuanbHbIX) Ana Banugaumm n
aKTyanusauum TeCT-CUCTeM, UCNOSb3yeMblX B AUArHOCTVKe, NPOrHO3MPOBaHUN TeveHns 3abonesaHns 1 oLeHke adpdek-
TUBHOCTY neyvenuns n npodunaktmkm SARS-CoV-2, rpunna u gpyrnx OP3».

BnarogapHocTu. 3a MHOroneTHee COTPYAHMYECTBO B HaA30pe 3a LMpKynsumen Bupycos rpunna B Poccuiickon dene-
pauwmu aBTopbl rMy6oko 6narogapHbl konneram 10 onopHbIX 6a3, NpeacTaBneHHbIX TepputopuarnbHbIMK YrpaBneHusMm
n ®bY3 «LeHTp rurneHsl 1 anungemuonorum» PocnoTpebHapsopa B EBponeiickoi yactu (Xaprnamosy M.B., r. Hosro-
pon Benwukwuii; CaenbeBy C.U., r. Nuneuk; Bynanosy M.B., r. Bnagumup; Kapnosy H.J1., r. Apocnasne; PsbuHuHon T.B.,
r. MeH3a; Mockosckow C.B., 1. Yebokcapel), Ha Ypane (Bepewarnny H.H., r. OpeHbypr), B Cubnpw (LLnxuHy A.B., r. Tomck)
1 Ha [lansHem BocTtoke (Byknukosy A.B., . BupobumkaH; Pomarosoli J1.6., . BnaguBocTok).

KoHdonukT nHTepecoB. ABTOpbI AEKNAPUPYIOT OTCYTCTBME SBHBIX U NMOTEHUMaNbHbIX KOH(UMKTOB MHTEPECOB, CBA3aH-

HbIX C Ny6nuKaumen HacTosALWEN CTaTby.

3Tuyeckoe yTBepxaeHue. ViccnenosaHne NnpoBoannock Npu 4o6poBonbHOM MHGOPMUPOBAHHOM cornlacum
nauueHToB. NpoTokon uccnegoBaHus ogobpeH Atudeckum komutetoM MBY3 . MockBbl « IHEKUMOHHAsA KNMHNYecKas
6onbHuua Ne1 [lenaptameHTa 3apaBooxpaHeHmns ropoga Mocksbl» (Mpotokon Ne 8 ot 28.12.2022).

Introduction

On March 11, 2020, WHO declared the COVID-19
pandemic caused by a new coronavirus, SARS-CoV-2,
and on May 5, 2023, announced that the virus no longer
posed an emergency public health threat to all countries
of the world, but the damage it causes remains a cause
for concern [1]. The COVID-19 pandemic has caused
serious socio-economic consequences and affected
nearly all areas of human activity such as labor, science,
education, sports, politics, culture and others. Due to
the introduction of quarantine and restrictive measures,
the structure of infectious morbidity and, above all,
the intensity of influenza epidemics, the share of
other respiratory viral pathogens, the involvement of
age groups, and the effectiveness of prevention have
changed [1-6]. Many researchers have shown that
during the years 2020-2022, the intensity of epidemic
rises in morbidity was directly related to the activity of
SARS-CoV-2 and its new variants (especially Omicron
variants), suppression of the activity of other respiratory
viral pathogens up to sporadic cases (influenza viruses
in the 2020-2021 season), high involvement of the
adult population in the epidemic process, high rates of
hospitalization, severe forms (SARI), complications
and mortality. It should also be noted that existing
recommendations and regulations for annual updating
of influenza vaccine strain composition using traditional
technologies have not been supported for COVID-19
vaccines and require additional clinical trials when
changing strains, which is currently a challenge due to
the low efficacy of vaccines based on the first Wuhan
variant against the new Omicron variants.

The third epidemic season since the beginning of
SARS-CoV-2 circulation takes place during 2022-2023.
It became obvious that, despite the ongoing evolutionary
variability of the new coronavirus, it has, to a certain
extent, occupied its niche in the structure of circulating
acute respiratory viral infections (ARVI), reducing its
virulence and pathogenicity and acquiring the status of
a seasonal respiratory infection pathogen. Each of the
post-COVID epidemic seasons had its own peculiarities,
in this regard, it was of particular interest to assess the
development of the influenza epidemic and the incidence
of other respiratory pathogens in patients with ARVI in
the 2022-2023 epidemic season.

44

Materials and methods

Collection of data on morbidity and laboratory
diagnosis of ARVI pathogens. As part of epidemiological
surveillance of influenza and ARVI circulation in
the Russian Federation, the Influenza Ecology and
Epidemiology Center of the D.I. Ivanovsky Institute of
Virology, N.F. Gamaleya National Center of Epidemiology
and Microbiology of the Russian Ministry of Health in
cooperation with 10 reference bases, represented by
territorial departments and the Hygiene and Epidemiology
Centers of Rospotrebnadzor in European Russia
(Veliky Novgorod, Lipetsk, Vladimir, Yaroslavl, Penza,
Cheboksary), the Urals (Orenburg), Siberia (Tomsk) and
the Far East (Birobidzhan and Vladivostok), we analyzed
incidence rates, hospitalization rates etiologically
related to ARVI pathogens in different age groups of the
population, as well as the results of laboratory diagnostics.
The observation period was from the 40" week (October)
of 2022 to the 39" week (September) of 2023.

The analysis of influenza and ARVI in different
age groups, isolation of influenza viruses, RT-PCR,
HAI, assessment of sensitivity to anti-influenza drugs,
and statistical processing of the results obtained have
been described in previous studies [5, 6]. Within the
framework of traditional surveillance, the volume of
studies using laboratory methods amounted to: 39,745
samples for influenza viruses, 35,340 samples for
ARVI and 18,873 samples for SARS-CoV-2; within the
framework of sentinel surveillance (Moscow only) there
were 719 samples for all pathogens.

The efficacy of influenza vaccine prophylaxis was
evaluated in hospitalized patients with symptoms of
ARVI according to anamnestic data (from the patient’s
words) according to WHO recommendations, using the
test-negative design approach [7].

Full genomic amplification of influenza A and B
viruses was performed according to the previously
described methodology [8, 9]. A cDNA library was
prepared using the SQK-LSK109 kit (Oxford Nanopore,
UK) followed by sequencing on a MinlON instrument
(Oxford Nanopore, UK). Bioinformatics data processing
was performed using guppy ver.6.3.8, porechop ver.0.2.4,
nanofilt ver.2.3.0, minimap2 ver.2.24, medaka ver.1.7.2
and bceftools ver.1.13, MEGA 7.0.26 software packages.

The study was conducted with the informed consent of
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the patients. The protocol of the study was approved by
the Ethics Committee of the Infectious Clinical Hospital
No. 1 of the Moscow Department of Health (Protocol
No. 8 dated 12/28/2022).

Results

During the observation period from Octo-
ber 2022 (week 40) to September 2023 (week 39) in
the territories cooperating with the Influenza Ecology
and Epidemiology Center, the increase of the epidemic
threshold of ARVI morbidity in relation to the average
indicator for the Russian Federation (72.6 per 10,000
population) was registered in the period of weeks 46—
52 of 2022 (due to the activity of influenza A(HINT1)
pdm09 virus), weeks 5-9 of 2023 (increased activity
of influenza B virus), weeks 37-39 of 2023 (activity of
ARVI of non-influenza etiology). Maximum morbidity
in the total population (average value according to the
data collected from 10 cities of the Russian Federation)
was registered in week 50 of 2022 (157.0 per 10,000),
during which the frequency of positive samples for
SARS-CoV-2 amounted to 7.3%, ARVI — 15.6% (PCR)
and influenza — 28.3%.

It should be noted that the average incidence of ARVI
was slightly lower compared to the previous season (71.6
per 10,000 population); at the same time, an increase
was registered in children aged 0-2 years (mean 294.4,
range 9.2-475.2 and mean 246.8 (7.3—423.2), respec-
tively) and 3—6 years (273.9 (10.5-425.4) and 223.4
(8.3-437.1), respectively). The incidence in school chil-
dren was comparable to that of the previous year (141.8
(9.4-218.3)); while a decrease was noted in adults (43.6
(19.4-54.3) and 51.1 (35.3-77.8), respectively).

OPUTUHAJbHbBIE NCCNEAOBAHUA

Clinical diagnosis of influenza was made in 9531 pa-
tients, 2563 (27.0%) of whom were hospitalized, includ-
ing patients 0-2 years of age — 529 (20.0%), 3—6 years
of age — 417 (16.0%), 7—14 years of age — 404 (15.8%)
and 65 years of age and older — 1213 (47.3%). Six cas-
es of influenza infection with fatal outcomes were re-
ported: a man 18 years of age, laboratory confirmed
influenza A(HIN1)pdm09 (Penza, December 2022); a
woman 73 years of age, diagnosed according to clini-
cal and epidemiologic data (Lipetsk, December 2022); a
man 81 years of age and a woman 84 years of age, di-
agnosed according to clinical and epidemiologic data
(Orenburg, December 2022); a woman 33 years of age
and a woman 81 years of age, laboratory confirmed influ-
enza A(HIN1)pdm09 (Orenburg, January 2023).

Dynamics of the frequency of positive findings for in-
fluenza A and B, SARS-CoV-2 and ARVI viruses (includ-
ing HPIV, HAdV, HRsV, HRV, HBoV, HMPYV, (HCoV)
by RT-PCR during the period of October 2022 — Septem-
ber 2023 are presented in Figure 1.

The 2022-2023 epidemic season started with a rela-
tively high rate of positive samples for ARVI of non-in-
fluenza etiology (40™ weeks 2022 — 35.5%). At the same
time, during this period the frequency of positive samples
for SARS-CoV-2 was significantly lower (13.7%), and
influenza viruses were not detected.

Against the background of decreasing activity of
non-influenza pathogens and relatively stable frequency
of positive SARS-CoV-2 samples (up to 8.6%), a relative-
ly early and sharp increase in the number of positive sam-
ples for influenza, mainly of the A(HIN1)pdm09 subtype,
was observed in the period of weeks 40-52 of 2022. The
first cases of influenza A(HIN1)pdmO09 were detected in

Fig. 1. The frequency of positive samples for influenza, SARS-CoV-2 and ARVI during the epidemic season 2022-2023
in certain territories of the Russian Federation.

Puc. 1. YacroTa BBISIBICHHUS MOIOKUATENBHBIX P06 Ha rpuni, SARS-CoV-2 u OPBU B nepuox snuaeMu4eckoro ce3oHa
2022-2023 rr. Ha OTAEIbHBIX TepPUTOPHSIX PO.
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October 2022 in European Russia cities (2" week of Oc-
tober), after a certain period of time in the Urals, Siberia
and the Far East (second half of November 2022). In De-
cember, all cities of the Russian Federation cooperating
with the Influenza Ecology and Epidemiology Center
registered an increase in influenza A(H1N1)pdmO9 virus
activity (up to 30.3% of positive samples) and sporadic
cases of influenza B (up to 3.0%). These trends correlate
with the dynamics of ARVI morbidity rates, which peak-
ed in December 2022.

The activity of influenza viruses began to decrease
in early 2023, with detection rates of positive samples
above 10% recorded until the beginning of March 2023. An
interesting and established fact is the alternating activ-
ity of influenza viruses: influenza A(HIN1)pdm09 was
replaced by influenza B virus in January 2023, with its
highest frequency in the period of one week being sig-
nificantly lower (14.3%). The last cases were detected
in June—July 2023 in Moscow and June—July, as well as
September in Orenburg.

The second, lower and short-term wave of increase in
the activity of ARVI pathogens was observed in the pe-
riod of week 7 of 2023 with the maximum frequency of
detection of the number of positive samples (27.9%). In
contrast to the previous and subsequent weeks, a high fre-
quency of positive samples for HRsV (9.9%) and HRV
(6.5%) was observed in Orenburg and Vladivostok.

Since the 20" week of 2023, against the background
of decreased activity of influenza and SARS-CoV-2 vi-

ruses, a relatively small increase in the activity of oth-
er ARVI pathogens was registered (up to 16.1% in early
May 2023). From mid-September 2023, an increase in the
number of positive samples for SARS-CoV-2 was also
registered (up to 9.2%).

The frequency of positive findings by PCR results
during the analyzed period as a whole for the epidemic
season 2022-2023 was as follows: influenza — 9.6% (out
of 39 746 examined), ARVI — 10.7% (out of 35 340 ex-
amined) and SARS-CoV-2 — 6.2% (out of 18 873 exam-
ined). At the same time, their activity differed in various
cities of the Russian Federation (Table 1).

The highest frequency of positive samples for influen-
za was observed in Cheboksary, Vladimir and Yaroslavl;
seasonal ARVI — in Birobidzhan, SARS-CoV-2 — in Mos-
cow, Cheboksary and Tomsk. The top three in the struc-
ture of seasonal ARVI were HRV (35.6%), HRsV (18.8%)
and HPIV (10.9%).

During sentinel surveillance, the frequency of positive
samples (out of 719 examined) was as follows: influen-
za — 18.0%, SARS-CoV-2 — 4.2%, and ARVI — 22.3%
(including HRsV — 4.7% and HRV - 5.9%)).

Russian regions also differed in the proportion of influ-
enza virus types/subtypes (Figure 2). The presented data
show that influenza A virus dominated in all territories
cooperating with the Influenza Ecology and Epidemiol-
ogy Center in the 2022-2023 season. In the structure of
influenza A virus, A(HIN1)pdm09 was more active, with
a 67% share; influenza A(H3N2) virus was detected in iso-

Fig. 2. The share of influenza viruses during the epidemic season 2022-2023 in different regions of the Russian Federation (according to the
Centers of Hygiene and Epidemiology of cities, regions, republics).

Puc. 2. JloneBoe yuacTre BUPYCOB TPHIIA B TIEPHOL dnHAeMIdeckoro ce3oHa 2022-2023 rT. B pa3HbIX perrnoHax PO (o maHHBIM IIEHTPOB
THUTHUCHBI U SMTHIEMHOJIOTHH TOPOIOB, 00acTeil, pecnyOiuK).
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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 2022 —
September 2023 at the National Research Centre of N.F. Gamaleya and in the territories of the Russian Federation cooperating the Center

Taoauna 1. Pesynsrarer [T1P-guarsoctuku rpunma, SARS-CoV-2 u vexoropsix OPBU B nepuox oktsidpst 2022 1. — centsiops 2023 1.
B IO HULIOM um. H.®. 'amanen 1 Ha cOTpyIHUYAIOMIMX C HUM TeppUTOpUsX PD

Centers of Hygiene and

The number of samples examined for the presence of respiratory pathogens by RT-PCR
Yucno 06pa3IoB, H3yUeHHBIX HA HATMYHE PECIHPATOPHBIX maTtoreHoB MerogoM OT-IILIP

Epidemiology . . . . .
of cities, regions, republics mﬂuernzljnxl;lruses acute respcl)r;g)lr/ly ICZEZC::;Z’ seasonal SARS-CoV-2
LIeHTpbI TUTHEHBI P i
1 TIHAEMUOJIOTHH number number of number
rOpoJIoB, of samples % samples HPIV Hi;dV HRsV HOI/{V HE/OV HBoV Hl\gPV of samples %
obnacteit, pecry6muk YHCII0 «h» YHCIIO Y% «t+» +° Y% «t» +0 _: Yo «t» : IHCI0 «»
o0pa3ioB o0pasioB «» «» «» «» 00pa3ioB
Center for Ecology
and Epidemiology of 1222 14,5 596 2.7 2.5 40 12,9 3,0 1,3 2,2 1224 85
Influenza, Moscow
23T, Mocksa
Veliky Novgorod 1728 77 1349 1.1
Benukuii Hoeropon ’ ’
%petsk 1214 5.5 1214 2,1 3,3 2,7 1,6 0,2 0,7 1,0 1214
AIIETIK
‘B’ladlm“ 1481 17,3 971 24 63 65 159 36 23 34 972
T8 AUMHUpP
;I{aroslavl 3578 17.3 1683 1,0 1,3 6,6 12,7 2,3 1,1 3.6 2083 59
pOCIaBIb
%enza 1875 10,1 1136 1,8 24 35 11,6 26 2,0 2,6 1136 5,0
eH3a
Cheboksary 3448 201 3443 02 03 07 0.2 0.3 6121 9.0
Yeboxcapsr
Orenburg 19194 40 19320 0,3 02 09 16 06 03 0,6
OpenOypr
Tomsk 2062 138 2062 L6 23 44 69 32 05 14 2062 93
OMCK
]\3/1ad1vostok 2241 152 2241 0,8 1,9 1,5 4,0 0,8 0,5 0,6 2241 0,9
J1aINBOCTOK
Birobidzhan 1702 166 1325 146 46 85 16 48 42 26 1820 6,3
npoOuKaH
ol 39745 96 35340 12 10 20 38 L1 06 10 18873 62
cero
% of the positive
ijlmples 109 94 188 356 103 58 9.2
0 U3 YUCIIa
MOJIOKUTETHHBIX

lated cases not in all collaborating territories and its share
was 3.4%. Influenza B virus strains were detected in one
third of cases (33.0%), with higher activity in certain cities
compared to others in the European Russia, such as Che-
boksary, Orenburg, Tomsk, Vladivostok, and Birobidzhan.

During sentinel surveillance, the proportion of influen-
za A(HIN1)pdm09 virus was 77.0%.

The results of antigenic characterization of 150 strains
determined that 118 of them were related to influen-
za virus A(HIN1)pdm09, 9 were related to A(H3N2),
and 23 were related to influenza virus type B (Table 2).
The studies were conducted against influenza viruses
included in influenza vaccines for the 2022-2023 in-
fluenza season for the countries of the Northern Hemi-
sphere [8].

A(HIN1)pdmO09 strains were isolated in all laboratories
that specialized in virus isolation. The first strain was iso-
lated from a patient who became ill on October 24, 2022
(Moscow), the last strain — on January 31, 2023 (Mos-
cow). According to the data of interaction in HAI with
a spectrum of diagnostic sera, the close affinity of
all 118 strains of influenza A(HIN1)pdmO9 virus to the
reference virus A/Victoria/2570/19 (vaccine strain in the
season 2022-2023) was determined.

A(H3N2) strains were isolated from sporadic cases
and not in all collaborating laboratories. The first strain
was isolated in Birobidzhan from a patient who fell ill on
January 15, 2023; the last strain was isolated in Moscow
from a patient who fell ill on September 20, 2023. Three
(33.3%) of the 9 studied strains interacted with a serum to
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Table 2. Antigenic properties of epidemic strains of influenza A and B viruses isolated in the epidemic season 2022-2023

Tadauua 2. AHTUreHHBIE CBOMCTBA MUAEMUYECKUX IITAMMOB BUPYCOB rpurnmna A u B, BblIeI€HHBIX B dnuaeMuueckoM cesone 2022-2023 rr.

Type/subtype
of the influenza virus
Tun/nonTun Bupyca
rpumnmna

(OTHOLIIEHHE K TOMOJIOTUYHOMY TUTPY)

Influenza virus strains included in influenza vaccines
in the 20222023 season (relative to homologous titer)
[lITaMMbI BUPYCOB TPHIIIA, BOLIE/LINE B COCTAB
TPUIIIIO3HBIX BaKIUH B ce30He 2022-2023 rr.

The number of strains closely related
to the reference serum/the number of studied
Yuco mraMMoB,
OIU3KOPOICTBEHHBIX ITATOHHOM
CBIBOPOTKE/YHCIIO H3YYEHHBIX

The total number
of strains studied
Obuiee yncio
H3YYCHHBIX IITAMMOB

A/Victoria/2570/19
A/Buxropus/2570/19
(1-172 : 1/4)

Drift variant

Jpeiid-Bapuant
(<1/4)

A/Darwin/9/21
A/[lapBun/9/21
(1-1/2: 1/4)

Drift variant

Jpeiip-Bapuant
(< 1/4)

Victoria-Like Line
JInans Buktopusa-nmogoOHsIX
B/Austria/135941/21
B/ABctpus/135941/21(D3)
(1-1/2)

Victoria-Like Line
B JInans Bukropusa-nonoOHsIxX
Drift variant
Jpeiid-Bapuant
(<1/4)

Line B/Yamagata-like
JIunusg B/SImarara-nogo0HbIx
B/Phuket/3073/13
B/IIxyket/3073/13

A(HINT)pdm09

A(H3N2)

116 (98,0%)/
2(2,0%)
119

3(33,3%)/

3(33,3%)

3(33,3%)

6 (25,0%)/
15 (65,0%)

23

2(9,0%)

the virus A/Darwin/9/21 (vaccine) from 1/2 to all of the
homologous titer; 3 (33.3%) isolates interacted up to 1/4
of the homologous titer and 3 (33.3%) — up to 1/8 of the
homologous titer.

Out of 23 isolated influenza B virus strains (first in Oc-
tober 2022, Yaroslavl and last on March 17, 2023, Mos-
cow), 6 (25.0%) were closely related to the reference B/
Austria/1359417/21 (vaccine) and interacted with se-
rum to this virus up to full homologous titer; 15 strains
(65.0%) — interacted up to Y of the homologous titer
and 2 (9.0%) — up to 1/8 homologous titer.

As part of monitoring the sensitivity of the population
of circulating influenza virus strains, we studied the prop-
erties of 72 epidemic strains of influenza viruses, includ-
ing 53 strains of A(HIN1)pdm09, 2 strains of A(H3N2)
and 17 strains of influenza B to drugs with antineuramini-
dase activity. The strains were isolated in different regions
of the Russian Federation and all of them were found to
have normal sensitivity to oseltamivir and zanamivir; the
average drug concentration (IC,)) was 0.47 and 0.42 nM
for A(HIN1)pdmO9 strains, respectively; 0.3 and 0.6 nM
for influenza A(H3N2) strains, respectively, and 39.25
and 6.12 nM for influenza B strains, respectively.

Molecular genetic studies were conducted for 52 ep-
idemic strains, including 30 influenza A(HIN1)pdm09
strains, 20 influenza B virus strains, and 2 influenza
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A(H3N2) virus strains isolated in different regions of the
Russian Federation.

The following epidemic strains of influenza A(HIN1)
pdm09 viruses were isolated in Moscow (26), Yaroslavl
(1), Orenburg (2), and Tomsk (1): EPI ISL 16738404,
EPI ISL 16738405, EPI_ISL 16738406,
EPI ISL 16738407, EPI ISL 16738408,
EPI ISL 16738409, EPI ISL 16738410, EPI
ISL 16738411,EPI ISL 16738412,EPI ISL 16738413,
EPI ISL 16738414 EPI ISL 16738415,
EPI ISL 17395563, EPI ISL 17395562, EPI
ISL_17395561,EPI_ISL_17395560,EPI_ISL 17395559,
EPI ISL 17395558 EPI_ISL 17395557, EPI
ISL 17395556,EPI _ISL 17395555,EPI ISL 17395554,
EPI ISL 17831605 EPI ISL 17831605 EPI
ISL_17831604,EPI_ISL 17831603,EPI_ISL 17831602,
EPI ISL 17831601, EPI ISL 17831600, EPI
ISL 18054497, EPI ISL 18054498. All were assigned
to clade 6B. lA 5a.2a and carried additional mutations
K54Q,A186T, Q189E, E224A, R259K, K308R, 1418V in
hemagglutinin (HA) relative to vaccine strain A/Wiscon-
sin/588/2019 (culture analog of embryonic vaccine virus
A/Victoria/2570/19). Two strains (A/Moscow/46/2022
and A/Moscow/32/2022) also carried the D222N muta-
tion in HA. One strain (A/Moscow/32/2022) carried ad-
ditional mutations V1521 and E172K (Cal site in HA).
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Two strains of influenza A(HIN1)pdm09 virus isolated
on MDCK cell lines and passaged on chicken embryos
(A/Moscow/32/2022, A/ Moscow/37/2022) carried muta-
tions N162K, D222G.

Influenza A(H3N2) viruses were isolated in Moscow (1)
and Birobidzhan (1) and assigned to clade 3C.2alb.2a.2b
(2b), represented by A/Darwin/6/2021 virus with addi-
tional mutations in HA (E50K, G53D, F791, T135A(-
GLY), [140K, S156H, S262N): EPI ISL 17395564 and
EPI ISL 17831606.

The following epidemic strains of influenza B viruses
were isolated in Moscow (8), Yaroslavl (1), Orenburg (1),
Tomsk (1), Birobidzhan (2) and Vladivostok (5), Veliky
Novgorod (2): EPI_ISL_ 17395553, EPI_ISL 17395552,
EPI ISL 17395551, EPI ISL 17395550, EPI
ISL _17395549,EP1 ISL 17831599,EPI ISL 17831598,
EPI ISL 17831597, EPI ISL 17831596, EPI
ISL_17831595,EPI _ISL 18054497,EP1 ISL 18054498,
EPI ISL 18054490, EPI ISL 18054491, EPI_
ISL _18054492,EP1 ISL 18054493,EPI ISL 18054494,
EPI _ISL 18054495, EPI ISL 18054495, EPI
ISL_18054499. All of them were assigned to the genetic
lineage B/Victoria-like (clade V1A.3a.2) represented by
B/Austria/1359417/2021. Phylogenetic analysis revealed
genetic heterogeneity of influenza B viruses: certain
strains carried substitutions in HA relative to vaccine B/
Austria/1359417/2021;12strainscarriedsubstitutionsE128K,
A154E, S205P, of which 3 strains (B/V.Novgorod/6/2023,
B/V.Novgorod/7/2023,  B/Moscow/5/2023)  carried
additional mutations V871 and T12IN. Other 5 strains
carried the D194E substitution, including 1 strain from
Birobidzhan (B/Birobidzhan/2/2023) carrying additional
substitutions R80G, E181K.

No genetic markers of resistance to antiviral drugs of
the neuraminidase inhibitor group were detected among
the influenza virus strains tested.

As part of the sentinel surveillance of patients with
acute respiratory infections, data on the effectiveness
of influenza vaccine prophylaxis among hospitalized
patients were obtained. 15 of the hospitalized patients
(719 patients) had a history of influenza vaccination;
however, only three had confirmed influenza infection
(2 with A(HINI)pdm09 and 1 with influenza B).
Vaccination efficacy, as calculated using the test-negative
approach (WHO) was 75.0%. First of all, this confirms
the fact that vaccination can prevent the development of
more severe forms of influenza infection which would
require hospitalization of patients. It was not possible
to evaluate the effectiveness of vaccine prophylaxis by
other indicators, such as severity of the disease course,
frequency of complications, and mortality in this study
due to the small sample of vaccinated patients with
laboratory-confirmed influenza infection.

Discussion

In contrast to the previous epidemic season in Russia,
similar to the countries of the Northern Hemisphere, a
relatively early increase in influenza virus activity was
observed during the 2022-2023 epidemic season and,
despite an increase in the volume of tested samples, the

OPUTUHAJbHbBIE NCCNEAOBAHUA

frequency of positive samples for influenza did not reach
the indicators of the 2018-2019 pre-pandemic SARS-
CoV-2 season. [5, 10, 12]. However, compared to the
previous epidemic seasons (2020-2022), a higher activity
of influenza viruses was noted both in Russia and other
countries with a characteristic cyclical change of the
dominant influenza A virus subtype.

Another peculiarity of the period under consideration is
that the activity of the new coronavirus was significantly
lower in all countries compared to the previous season,
with the exception of countries in the Pacific region,
where a sharp increase in SARS-CoV-2 activity was
recorded in December 2022 and January 2023 [1].

According to WHO, from October 1, 2022 to
June 30,2023, about 9 million samples of clinical materials
were tested in all countries of the world, of which 11.2%
were positive for influenza viruses [13]. Influenza virus
activity had a two-wave pattern due to etiologically
different influenza A subtypes: the first wave was observed
in the period of November 2022 to January 2023 (with
peaks of up to 21.0% of positive samples during weeks 48—
52 of 2022) and was associated with greater influenza
A(H3N2) virus activity; the second wave was recorded
during March—April 2023 (with peaks of up to 11.0% of
positive samples during weeks 9-12) and was associated
with greater influenza A(HIN1)pdmO9 and influenza
B virus activity. By week 26 of 2023, the incidence of
influenza virus-positive samples among those tested
was 2.6%, except in a few countries where rates were
higher — Norway (up to 25.0%), Iraq (up to 25.0%),
Senegal (up to 40.0%), etc.; SARS-CoV-2 was 9.2%,
except in a few countries such as Norway (up to 44.0%),
Ukraine (up to 57.0%) and Chile (up to 49.0%), among
others.

Over the entire period analyzed, the proportion of
influenza viruses was as follows: influenza type A, 82.8%,
and influenza type B, 17.2%; 51.0% of influenza A
subtyped viruses were A(HIN1)pdm09 and 49.0% were
A(H3N2); all of the influenza B virus-positive samples
studied were attributed to the B/Victoria-like lineage.
Differences in the proportion of influenza viruses in
WHO countries and regions were observed, as in previous
seasons.

In WHO European region countries, virus activity
varied, including the predominant influenza virus [11].
In countries such as Switzerland, Turkey, Luxembourg,
Slovakia, Spain and Sweden, influenza A(H3N2) virus
dominated early in the season, followed by influenza B
virus in February—March 2023. In Norway, Moldova,
Romania and the United Kingdom, as in Russia, influenza
B was replaced by influenza A(HIN1)pdm09; the etiology
of the epidemics in Malta and Portugal was influenza
A(H3N2) and in Serbia by A(HIN1)pdmO09.

Influenza A(H3N2) dominated in most countries in the
WHO Americas Region, with the exceptions of Argentina
(influenza B), Venezuela (A(HIN1)pdm09) and Canada
(A(HIN1)pdmO09+A(H3N2)) [14, 15].

The activity of all 3 influenza viruses was monitored in
countries in the WHO South-East Asia Region; influenza
A(H3N2) virus predominated between October 2022 and
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mid-March 2023, followed by co-circulation of influenza
A(H3N2) and B viruses. In Bangladesh, influenza B virus
was dominant, while in India, co-circulation of all three
viruses was recorded in the second half of the season [15].

Co-circulation of A(HIN1)pdm09 (predominant) and
A(H3N2) has been reported in WHO Western Pacific
Region countries [15].

In WHO African Region countries, influenza A(HIN1)
pdm09 virus activity has been high since Octo-
ber 2022, influenza A virus co-circulation in April, and
influenza A(H3N2) virus activity in May; influenza B vi-
rus has been diagnosed in sporadic cases [15].

In WHO Eastern Mediterranean Region countries
during the period under review, influenza A (predomi-
nantly A(H3N2)) was diagnosed as the predominant in-
fluenza A virus, with high activity of influenza A(HIN1)
pdm09 in several countries, such as Afghanistan, Jordan
and Pakistan; co-circulation of A(HIN1)pdm09 and B
was recorded in Tunisia and Iraq; influenza B in Saudi
Arabia [15].

A study of the antigenic and genetic properties of the
circulating strain population (more than 10,000 in the
United States and European countries) revealed, for the
most part, their complete correspondence to the strains
included in influenza vaccines in the 2022-2023 season
for the countries of the Northern Hemisphere (with the
exception of influenza virus A(HIN1)pdm09) [11, 14].
The identified mutations did not change the antigenic
properties of epidemic strains in the population as a
whole, which also did not affect vaccine efficacy.

The work of our colleagues at the A.A. Smorodintsev
Research Institute of Influenza of the Russian Ministry of
Health presents data on the evaluation of the effectiveness
of influenza vaccine prophylaxis in the context of the data
obtained by studying the antigenic and genetic properties
of influenza viruses circulating in Russia in the 2022—
2023 season [10]. Samples were collected from patients
as part of sentinel (SARI — 1,631 patients) and traditional
surveillance (FLI and ARI — 1,178 patients). The authors
noted low vaccination coverage among patients in both
groups (0.7% for SARI and 6.6% for FLI and ARI), with
vaccine prophylaxis efficacy among vaccinated patients
of 92.7% and 54.7%, respectively (mean, 80.0%). These
data are consistent with the results obtained by the authors
of this work on the effectiveness of vaccine prophylaxis
with regard to the rate of hospitalization of patients with
influenza infection, although they were obtained on a
smaller sample of patients.

By February 2023, the population of epidemic strains of
influenza A(HIN1)pdm09 virus was represented by two
phylogenetic clades: 5a.1 and 5a.2, with a higher frequency
of representation of the latter clade. Since 2022, further
processes in the acquisition of new mutations in the
hemagglutinin of representatives of clade 5a.2 have been
traced with the formation of subclades: 5a.2a (+K54Q,
A186T, QI189E, E224A, R259K and K308R in the
Sb site); S5a.2a.l, represented by A/Wisconsin/67/22
(P137S, K142R, D260E, T277A and for the majority of
them — T216A). When examining the levels of specific
antibodies acquired by volunteers after vaccination
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with the recommended formulation for the 2022-2023
epidemic season in February 2023, significant reductions
in geometric mean titers (GMTs) were recorded in
most samples to circulating influenza A(HIN1)pdm09
virus strains of subclades 5a.2a and 5a.2a.1 in most
samples. In this regard, WHO experts revised the
composition of influenza vaccines for the countries
of the Northern Hemisphere in 2023-2024 with the
replacement of only one of the components — A(HIN1)
pdmO09 (A/Victoria/2579/2019 to A/Victoria/4897/2022).
February 25, 2023. WHO published recommendations
on influenza vaccine formulations for countries in the
Northern Hemisphere for the 2023-2024 season [16].
Trivalent chicken embryo-based vaccines will contain
a virus similar to A/Victoria/4897/2022 (HIN1)pdm09;
a virus similar to A/Darwin/9/2021 (H3N2) and a
virus similar to B/Austria/1359417/2021 (B/Victoria-
like lineage). Influenza virus B/Phuket/3073/2013 (B/
Yamagata-like lineage) is recommended in quadrivalent
chicken embryo-based vaccines.

By September 2023, it was clear that the population
of influenza A(H3N2) virus strains, clade 3C.2alb.2a2,
had also changed from the last of the reference variants,
A/Darwin/16/2021 (2a), and was represented by genetic
groups 2a (with variants 2a—2d) and the dominant 2a.3a.1
(A/Thailand/8/2022). Differences in the dominance of a
particular variant of influenza A(H3N2) virus were noted
for the countries of the world: variants 2alb circulated
mainly in Europe and North America; 2a.3a.1 — in Africa,
Asia, North America and Oceania; 2b — in every country
of the world. When examining the levels of specific
antibodies acquired by volunteers after vaccination
with the recommended formulation for the 2022-2023
(Northern Hemisphere) and 2023 (Southern Hemisphere)
epidemic seasons, significant reductions in the geometric
mean titers (GMTs) were recorded in most samples
against circulating strains of influenza A(H3N2)pdm09
subclade 2a.3a.1. Therefore, WHO experts revised the
composition of influenza vaccines for countries of the
Southern Hemisphere in 2024 with the replacement
of the influenza A(H3N2)pdm09 virus component (A/
Darwin/16/2021 to A/Thailand/8/2022) [17]. These
changes in the properties of influenza A(H3N2) virus may
cause lower efficacy of influenza vaccines in the countries
of the Northern Hemisphere in the current season (2023—
2024) and especially in those countries where its activity
will be dominant (e.g., Russia).

We analyzed six studies evaluating influenza vaccine
effectiveness (IVE) in the 2022-2023 season based on
data from 16 European countries during the influenza
monitoring period among outpatients and hospitalized
patients, including those in intensive care units [18]. As
mentioned above, the proportion of influenza viruses
involved during the epidemic upsurge varied between
countries in the European region, in particular, the
frequency of positive samples for influenza A ranged
from 17.0 to 95.0%. Preliminary data showed that the
efficacy of vaccine prophylaxis against influenza this
virus type ranged from 27.0 to 44.0%, influenza B virus
more than 50.0%, with a higher rate in children (50.0—
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90.0%) compared with adults (12.0-49.0%). For influenza
AHIN1)pdmO09 virus, the IVE was 28.0 to 46.0%,
while the same differences were noted in children
(49.0-77.0%) and adults (21.0-56.0%); for influenza
A(H3N2) virus, the rates ranged from 2.0 to 44.0% and
in the aforementioned age groups, they were 62.0-70.0
and 36.0-42.0% respectively; for influenza B, rates were
presented in the paper only for children under 18 years
of age (88.0-90.0%) and 2—6 years of age (87.0-95.0%).
The authors note the close affinity of the epidemic
strains in antigenic properties to the vaccine virus (A/
Darwin/6/2021) and their belonging to the 3C.2alb.2a.2
clade, with a rather high frequency of genetic diversity
in the general population, which may have influenced
the differences obtained by other investigators. For
example, Canadian researchers reported data somewhat
different from those mentioned above for countries in the
European region and pointed out the following: vaccine
efficacy against influenza A(H3N2) virus among all
patients was 58.0-59.0% (higher) and children 47.0%
(lower) [19]. The authors suggest the possible influence
of a mutation (T135K) in hemagglutinin with loss of
the glycosylation site, which was more frequent in the
population of epidemic strains isolated from patients
younger than 25 years of age.

In WHO European region countries, influenza B
viruses had relatively low activity during epidemic rises
from 2019-2020, with higher vaccine efficacy [20].
The same data for the B-virus component of vaccines
have been reported in other countries around the world
(Canada and USA) [21, 22]. The results of molecular
genetic studies of the population of influenza B virus
strains in the period 2020-2023 determined that they
belong to the B/Victoria-like lineage, clade V1A.3a.2
[11, 14, 19]. Epidemic strains from recent years contained
substitutions in positions leading to phenotypic reversion
to viruses with similar antigenic properties circulating
more than 50 years ago [23]. Differences in the efficacy
of influenza vaccines in different age groups may also
be explained by potential imprinting effects (human
immunologic memory from previously encountered
influenza viruses).

As mentioned above, current quadrivalent influenza
vaccines contain two influenza viruses (A(HIN1)pdm09
and A(H3N2)) and two influenza B viruses of different
evolutionary lineages (B/Victoria-like and B/Yamagata-
like), which separated in the 1970s and have been co-
circulating since then [24, 25]. Since March 2020, each
country that monitors the circulation of influenza viruses
has begun to note the absence of B/Yamagata-like
influenza viruses in active circulation. Therefore, WHO
recommends that surveillance of this influenza B virus
variant should not be suspended and that molecular
genetic testing (sequencing) should be expanded for
samples not typed by public health test systems. If the
extinction of the influenza B virus lineage B/Yamagata-
like is officially recognized, the relevance of quadrivalent
vaccines could be reconsidered, for example, by switching
to trivalent preparations or adding certain components of
other influenza virus types/subtypes [24].

OPUTUHAJbHbBIE NCCNEAOBAHUA

Studies of more than 13,000 samples of epidemic
strains of influenza viruses in the United States and
European countries have determined their favorable
sensitivity profile to drugs with antineuraminidase
activity (oseltamivir and zanamivir) and an inhibitor
of the enzyme in the polymerase acidic subunit of the
viral RNA polymerase complex (baloxavir): reduced
sensitivity to the drugs was registered in single cases,
which was no more than 1.0% [10, 13]. It should be
noted that only in relation to influenza A and B viruses,
drugs with a direct mechanism of action have been
developed and put to use, the effectiveness of which has
been proven by many researchers. Due to this, strategic
stocks have been made in case of a new influenza
pandemic [26, 27].

Furthermore, an integrated approach to forecasting the
development of the epidemic process of ARVI against the
background of the emergence of new pathogens (disease
X) with the involvement of such possible methods
as observation, descriptive (descriptive-evaluation
models/methods), analytical and experimental methods,
mathematical modeling is obvious today.

Conclusion

The epidemic season of 2022-2023 had its own
peculiarities and especially 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, and the countries
of the world differed by the dominant subtype (A(HIN)
pdm09 and A(H3N2)), as well as the share of influenza
B virus of the B/Victoria-like lineage; influenza virus
of the B/Yamagata-like lineage has not been active
since March 2020. Depending on the activity of the
influenza virus type/subtype at certain periods of the
season, differences were observed in the incidence, age
group involvement, mortality and efficacy of influenza
vaccines. In terms of antigenic and molecular genetic
properties, the population of epidemic strains of
influenza viruses was similar to the viruses included in
the influenza vaccines recommended by WHO experts
for the 2022-2023 season, higher efficacy was observed
for the A(HIN1)pdmO9 component (especially in
countries where it was dominant), and lower efficacy
for the A(H3N2) component, which was the reason for
its replacement in the vaccines for the countries of the
Southern Hemisphere for the 2024 season; a favorable
sensitivity profile to drugs with antineuraminidase
activity, as well as to an inhibitor of the enzyme that
synthesizes the influenza virus matrix RNA was
maintained. All of the above points to the relevance of
the research and the data obtained as part of the ongoing
surveillance of influenza virus circulation.
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