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Abstract

Introduction. The traditional surveillance system for influenza and ARVI provides a general description
of epidemics, but does not provide information on the age-related characteristics of the etiology and clinical

peculiarities of severe acute respiratory diseases (SARI) in hospitalized patients.

Aim. To monitor the etiology of SARI in hospitalized children and adults, assessing the impact of the COVID-19

pandemic on this process.

Materials and methods. Standardized clinical and laboratory monitoring of SARI among 18,458 hospitalized
patients was carried out in hospitals in three cities of Russia with weekly PCR detection of 11 types of pathogens.
Results. According to the investigation of hospitalized patients with SARI for the period from 2018 to 2023, the
viral etiology of respiratory diseases was deciphered in 58.3% of cases. Weekly monitoring showed a change
in the etiological mosaic of SARI pathogens during the SARS-CoV-2 pandemic with a sharp decrease in the
frequency of detection of influenza and respiratory syncytial virus (RSV) during the 2020-2021 season against
the background of a significant increase of metapneumovirus and rhinovirus infections in children. During the
2022-2023 season an increase in the proportion of RSV infection in children under 6 years of age (up to 36.2%)
was noted against the background of a significant decrease in the frequency of SARS-CoV-2. In the intensive
care units (ICU), RSV infection was most often in children during the post-pandemic period (up to 30.1-53.6% of

positive cases, p < 0.001); in adults, SARS-CoV-2 was mostly detected (76,5-100% of cases, p < 0.001).

Conclusion. Hospital surveillance data significantly complements the epidemiological information obtained
in the traditional surveillance system. Monitoring of infections has shown a continuously changing etiological
infrastructure of SARI, with the disappearance of influenza and RSV during the COVID-19 pandemic and their

return to circulation in the post-pandemic period.
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AHHOMauus

BBegeHue. TpaamumoHHas cuctemMa Ha3opa 3a rpunmnoM M OCTPbIMU PECNUPaTOPHBLIMU BUPYCHBLIMU MHMEKLIN-
AMU OaET 0o6LLYyI0 XapaKTepucTUKy anMaeMunii, Ho He obecneynBaeTt noryyeHne MHoOpMaLumM No BO3pacTHbIM
0COBEHHOCTAM 3TUOMOMMU N KNMHUKK TSHXKEMBIX OCTPbIX pecnupatopHbix 3abonesaHun (TOPW) y rocnutanuau-
POBaHHbIX BOMbHbLIX

Llenb paboTbl — NpoBecTM MOHUTOPUHI aTmonorun TOPW y rocnntannampoBaHHbIX AeTen U B3POCHbIX C OLEH-
KOW BNUSAAHUSA Ha 3TOT npouecc naHgemun COVID-19.

Matepunanbl un metoabl. CTaHOAPTU30BaHHbIV KNMHMKO-NabopaTopHbIn MoHUTOpUHr TOPU cpean 18 458 rocnu-
TanuampoBaHHbIX BOMNbHbBIX NPOBEAEH B cTaumoHapax 3 ropogoB Poccum ¢ exeHegenbHoun agetekuven 11 Tunos
BO30yauTENnen ¢ MOMOLLbHO NMONMMEPa3HON LienHOW peakumm.

PesynbraTthbl. o gaHHbIM 06cnenoBaHmsa rocnutanuanpoBaHHbix 6onbHbIX ¢ TOPU 3a 2018-2023 rr. BupycHas
3TUONOrNs pecnupaTopHbIX 3abonesaHunn 6bina pacwmdposaHa B 58,3% cny4vae. ExeHegenbHbI MOHUTOPUHT
nokasan u3meHeHve atmonornyeckon mosamnkm sosdyautenen TOPU B nepmoa naHgemmn COVID-19 ¢ peskum
CHWXXEHWEM YacToTbl AETEKLMUM BMPYCOB rpunna u pecnupaTtopHo-cuHumuTuansHoro supyca (PCB) B ce3oH 2020—
2021 rr. Ha ¢hOHEe AOCTOBEPHOr0 pocTa y AeTel MeTarnHeBMOBUPYCHOM N PUHOBUPYCHOM MHADEKLMI. B ce3oH
2022-2023 rr. oTMeueH pocT yaenbHoro Beca PCB-nHgekummn y aeten B Bo3pacte o 6 net (8o 36,2%) Ha oHe
[OOCTOBEPHOrO CHWkeHus YactoTbl COVID-19. B otaeneHusix peaHnmauum n MHTEHCUBHOW Tepanun y OeTew B
nocTtnaHgemuyeckuin nepuog vawe Bcero (4o 30,1-53,6% oT uncna nonoxuTenbHbIx cnyyaes, p < 0,001) BbisB-
nanu PCB-uHdekuuto, y B3pocnbix — SARS-CoV-2 (76,5-100% cnyyaes, p < 0,001).

3akntouyeHue. [laHHble [ocnuTansHOro Hag3opa CcyLeCcTBEHHO AOMOMHSAT 3NMAEMUONONMYECKY0 MHGOpMaUuio,
nory4yaemyto B TpaguUMOHHOWN cucteme Haasopa. MOHUTOPUHI MHAEKLUIA NOKa3an HeENpPepbIBHO MEHSIIOLLYHOCS
aTuonorunyeckyto nHdpactpykrypy TOPU ¢ ncyesHoseHunem rpunna n PCB B nepuoa naHgemun COVID-19 n nx
BO3BpaLLEHNEM B LIMPKYNAUMIO B NOCTNAHAEMUYECKUI NepUoa.

KnroueBble cnoBa: epunn, napazpunn, SARS-CoV-2, COVID-19, pecrnupamopHo-cuHyumuarsnbHbIl 8upyc, pu-
HoBsUpPYCbI, a0eHO8UPYCbI, MEMArHE8MO8UPYC, 3muosioausi, Had3op, cmayuoHap

Amuyeckoe ymeepxdeHue. VccnegosaHne NpoBoAMNoCh Npy Ao6pOBONbHOM MHAPOPMUPOBAHHOM COFflacumn naum-
€HTOB WUIMM UX 3aKOHHbIX NpeacTaBuTenen. MNpoTokonsl nccneqoBaHna ogobpeHbl ATudeckum kommutetom HANM rpunna
um. A.A. CmopoauHuesa (npotokonbl Ne 194 ot 12.12.2022, Ne 178 ot 10.01.2022, Ne 161 ot 14.12.2020, Ne 149 ot
18.12.2019, Ne 136 ot 21.12.2018, Ne 3120 ot 18.12.2017).
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Introduction

Although progress has been made in influenza and
acute respiratory disease surveillance and prepared-
ness for the upcoming influenza pandemic through im-
proved methods for specific detection and monitoring
of acute respiratory viral infections (ARVI), vaccina-
tion of target populations, development and validation
of platform technologies for rapid vaccine release, ex-
pansion of vaccine production capacity, and improved
collaboration among countries in the World Health Or-
ganization (WHO) system with the development of the
Global influenza strategy', many problems and unre-
solved issues remain in this area, specifically in the area
of epidemiology and prevention. The existing system
of traditional surveillance of influenza and acute re-
spiratory infections has only statistical information on
the total number of diseases and hospitalizations with
these infections, as well as deciphering their etiology in
general among the surveyed groups, but does not pro-
vide information on the clinical features and severity
of diseases depending on their etiology, age of patients
and other individual characteristics. At the same time,
in recent years, new data on the role of co-morbidities
in influenza, as well as the long-term consequences of
severe acute respiratory infections (SARI) of differ-
ent etiologies (heart attacks, strokes, exacerbations of
chronic obstructive pulmonary disease, diabetes, etc.)
have been emerging [1-3]. This determines the need for
further improvement of surveillance of influenza and
other acute respiratory infections.

The importance of personalized clinical and epi-
demiological surveillance became evident during the

' World Health Organization. Global influenza strategy 2019—
2030. Geneva; 2019. URL: https://www.who.int/publications/i/
item/9789241515320 (date of access: 16.04.2024).

development of the latest influenza pandemic caused
by the emergence of a new reassortant with the anti-
genic formula A(HIN1)pdmO09 in 2009. To this end, in
Russia, starting in 2010, a pilot project began to investi-
gate the possibilities of Signal (sentinel) surveillance of
SARI and influenza-like illnesses and acute respiratory
infections [4], and since 2012 — in-depth Hospital Sur-
veillance (HS) for influenza and other acute respiratory
infections as part of the Global Influenza Hospital Sur-
veillance Network [5-9]. This system, currently used
for scientific purposes in more than 20 countries in the
Northern and Southern Hemispheres, makes it possi-
ble to study the etiology of severe influenza, identify
risk groups in need of priority protection, determine the
age-specific etiology of SARI with the identification
of dominant pathogens, dangerous combinations with
comorbidities leading to hospitalization, and assess the
severity of the epidemic/pandemic.

In the HS system, for each patient included in the
study, an anonymized card is filled in, containing the
hospital code, patient number, information on gender,
age, chronic diseases, influenza and COVID-19 vacci-
nation status, bad habits, previous hospitalizations, as
well as criteria for the severity of the course of infec-
tion (need for oxygen support, hyperthermia, transfer
to the intensive care unit (ICU), etc.), disease outcome
and laboratory diagnosis data. It should be noted that all
participants of the system use unified standardized case
definitions and patient records, which allows compar-
ing the features of SARI according to uniform criteria
in different countries of the world. The main feature is
diagnosis using polymerase chain reaction (PCR) for
respiratory infectious agent viruses of all patients in-
cluded in the study, and sequencing and antigenic anal-
ysis for a number of samples from patients. Analysis of
the antigenic and genetic structure of influenza viruses
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can determine whether viruses circulating in a parti-
cular season match the strains included in the vaccine.

The spread of the COVID-19 pandemic has led to
a marked shift in the pattern of circulating influenza and
acute respiratory viruses among hospitalized patients of
different age groups with SARI. Therefore, the aim of
the study was to monitor the etiology of SARI in hospi-
talized children and adults, assessing the impact of the
COVID-19 pandemic on this process.

Materials and methods

Study design

Clinical and laboratory monitoring of influenza,
COVID-19 and other acute respiratory viral infections
among hospitalized patients in the HS was conducted
in 9 hospitals in St. Petersburg, Novosibirsk and Yekat-
erinburg in accordance with the Standard Protocols for
Children Under 5 Years of Age and for Patients 5 Years
of Age and Older used in the HS. In addition to the ba-
sic parameters (seX, age, hospitalization period, etiolo-
gy according to PCR data, vaccination history, diagno-
sis at admission and discharge, concomitant pathology,
smoking, disease outcome, etc.), physicians assessed
the severity of the disease. The study was conducted ac-
cording to the principles of Good Clinical Practice after
approval by the Local Ethics Committees. Through-
out all 5 seasons (from 2018-2019 to 2022-2023), the
screening survey started from week 40 and the main HS
surveys started on the week when the first 3 laborato-
ry-confirmed cases of influenza were detected by PCR
in the city hospitals. Surveys were completed at the end
of the influenza epidemic season, usually in week 18-
20, when no more cases of SARI with laboratory-con-
firmed influenza were identified in the wards of all hos-
pitals included in the study. The duration of the study
averaged 6-7 months. The results of the examination of
patients were submitted by physicians into Individual
patient charts and sent via the Internet to the Electronic
Database at the A.A. Smorodintsev Research Institute
of Influenza, where they (after control of completeness
and accuracy of filling) were stored throughout the pe-
riod of work with the possibility of automated output of
the requested data.

To be included in the study, patients had to have a
combination of the following symptoms: 1 or more of
4 systemic symptoms: fever, weakness, headache, my-
algia, and 1 or more of 3 respiratory symptoms: cough,
sore throat, rapid breathing. The duration of the disease
at the time of inclusion in the study should have been
no more than 7 days from the onset of registration of
symptoms, the duration of hospitalization — no more
than 48 h. The study was conducted with the volun-
tary informed consent of the patients or their legal rep-
resentatives. The study protocols were approved by
the Ethics Committee of the Smorodintsev Research
Institute of Influenza (protocols No. 194, dated De-

ORIGINAL RESEARCHES

cember 12, 2022; No. 178, dated January 10, 2022;
No. 161, dated December 14, 2020; No. 149, dated De-
cember 18, 2019; No. 136, dated December 21, 2018;
No. 3120, dated December 18, 2017).

Criteria for exclusion from the study: the patient is
not a resident of the city, duration of illness more than
7 days, duration of hospitalization less than 24 hours,
patient's belonging to a specialized medical or social
institution, lack of patient's consent to participate in the
study, inability to communicate with the patient.

Collection and statistical analysis of data

Data collection, their subsequent correction, sys-
tematization of initial information and analysis of the
obtained results were carried out by specialists of the
A.A. Smorodintsev Research Institute of Influenza us-
ing the Individual patient records entered by physicians
in the Electronic Database of HS.

Statistical processing of the results was carried out
using the Statistica v. 10 program: descriptive statistics,
nonparametric criteria. When assessing quantitative in-
dicators, the median was counted as the center of dis-
tribution, and the first (Q,) and third (Q,) quartiles were
counted as variation indicators. The results of quali-
tative traits were expressed in absolute numbers with
indicating percentages. Comparison of nominal data
between groups was performed using Pearson's ¥ test.
When the number of expected observations in any cell
of the quadratic table was less than 10, Fisher's exact
test was used to assess the significance level of differ-
ences. Differences were considered statistically signi-
ficant at p < 0.05.

PCR diagnostics

For laboratory diagnosis, nasopharyngeal and
oropharyngeal swabs were taken from each patient
aged > 14 years, and nasal and pharyngeal swabs were
taken from children younger than 14 years. Laborato-
ry testing for influenza viruses and other ARI patho-
gens was performed by PCR within the first 48 h of
hospitalization. For clinical specimens, velour swabs
(Copan) were used, which were immersed in universal
transport medium UTM-330C (Copan) for mycoplas-
mas, chlamydia and viruses. RNA was isolated from
clinical samples using AmpliSens RIBO-prep (Inter-
LabService) or QIAGEN RNeasy Mini (Qiagen) kits.
RNA reverse transcription was performed with the Re-
verta-L kit (InterLabService) or QIAGEN OneStep RT-
PCR (Qiagen). AmpliSens Influenza virus A/B-FL kits
(InterLabservice) were used to test for influenza A and
B; influenza A-positive samples were used to subtype
influenza viruses A(HIN1)pdm09 and A(H3N2) using
AmpliSense Influenza virus A/H1-swine-FL kits (Inter-
Labservice) and AmpliSens Influenza A subtyping-FL
kit (InterLabservice). All samples were also tested for
the presence of other ARVI pathogens (human respi-
ratory syncytial virus, metapneumovirus, parainfluenza
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virus types 1-4, coronavirus, rhinovirus, adenoviruses,
bocavirus) and examined using the AmpliSens ARVI-
screen-FL kit (InterLabservice). Specific sequences of
influenza B virus of the Yamagata or Victoria linecages
were determined in all influenza B-positive samples us-
ing the QTAGEN OneStep RT-PCR Kit (Qiagen) with
WHO-recommended primers and probes. Real-time
PCR was performed on a Rotor-Gene 6000 (Corbett
Research) or the CFX96 Touch™ Real-Time PCR De-
tection System (Bio-Rad).

Results

Age distribution of patients

Over a 5-year period, starting from the 2018-2019
season, 18,458 patients hospitalized in ARVI wards
with primary diagnoses of influenza, acute respiratory
viral infection, pneumonia, acute bronchitis, and other
manifestations of acute respiratory infections of vary-
ing severity were examined in 3 infectious diseases
hospitals for adults and 6 multidisciplinary hospitals for
children in St. Petersburg, Novosibirsk and Yekaterin-
burg. Analysis of the age distribution of the hospitalized
(on average) showed a significant proportion of chil-

Table 1. Age distribution of the admitted patients included in
the study

Age, years Number of patients yhg:ga(gigg;)
0-2 7321 11* (5; 23)
3-6 3418 4,25 (3,5; 5,33)
7-17 2880 10,33 (8,42; 12,5)
18-64 3645 31,66 (21,5; 45,8)
265 1194 75,75 (70,0; 83,7)
Total 18458 4,75 (1,5; 21,7)

Note. *For children of group 0-2 years, age indicated in months.

100

dren (73.8%), including those aged < 2 years (39.7%),
3-6 years (18.5%), 7-14 years (15.6%). The frequency
of hospitalization of patients aged 15-64 years aver-
aged 19.7% for the whole period, including patients
aged 65 years and older — 6.5% (Table 1).

The frequency of hospitalization of children
of the 0-2 years age group was significantly higher
(p < 0.001) than patients of all other age groups in
general during the study period, and also significant-
ly higher in 2018-2019 and 2020-2023. In the period
from October 2019 to September 2020, when the first
wave of the pandemic developed in Russia, the age dis-
tribution of patients hospitalized in wards with acute
respiratory infections changed: the frequency of hos-
pitalization in the group 15—64 years increased to 37%
against the background of a decrease in hospitaliza-
tion of children aged < 2 years to 29.3% (p < 0.001).
In 2021-2022, there was an increase in the frequency
of hospitalization of patients aged 65 years and older
compared with the frequency of hospitalization in other
years (p < 0.000; Figure 1).

Etiology of ARVI

The viral etiology of diseases was deciphered in
58.3% of cases on average over the entire period (57.8—
59.1%; p = 0.95). In our observations, the frequency of
cumulative detection of non-influenza acute respiratory
infections during the entire period and in the last 3 sea-
sons was significantly higher (»p < 0.0001) than cases
of laboratory-confirmed influenza and SARS-CoV-2.
Interestingly, the ratio of patients hospitalized with
laboratory-confirmed influenza and other acute respi-
ratory infections was similar before the pandemic in
2018-2019 and 2019-2020 (0.95 and 1.2, respectively;
p = 0.275), but changed dramatically in the following
3 years due to the spread of SARS-CoV-2. Thus, in
2020-2021, influenza virus was practically eliminat-
ed from circulation and was detected in the HS system
in only 0.1% of cases, although other SARI pathogens
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2 137 238
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Fig. 1. Age distribution of patients with influenza, COVID-19 and other acute respiratory infections included in the study.
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(excluding RSV) were detected with the same, or even
higher frequency (89.0%).

In the post-pandemic period, the detection rate
of influenza viruses among hospitalized persons be-
gan to increase (to 11.7-22.3%), but never reached the
pre-pandemic level and remained significantly lower
(» <0.001) compared to ARVI (4.3 and 2.9 times in the
2021-2022 and 20222023 seasons). The frequency of
SARS-CoV-2 detection peaked (38.4%) in the 2021—
2022 season with a decrease to 11.4% in the latter sea-
son (Figure 2).

Analysis of diseases caused by different
types/subtypes of influenza virus

In the 2018-2019 and 2019-2020 seasons, in-
fluenza A(HIN1)pdmO9 virus was the main etiologic
agent, causing 53.2% and 44.0% of influenza illness-
es, respectively, and co-circulating with influenza
A(H3N2) virus (45.1%) in 2018-2019 and with influ-
enza B Victoria virus (48.6%) in 2019-2020. Few ca-
ses of Yamagata influenza B lineage were reported at

ORIGINAL RESEARCHES

the end of the 2018-2019 (9 cases) and 2019-2020
(2 cases) seasons, while the remaining influenza B cas-
es were detected only with Victoria lineage viruses. In
the 20202021 season, with the start of the active phase
of'the COVID-19 pandemic in Russia, no influenza cas-
es were registered among hospitalized patients, except
for 2 cases in Yekaterinburg, when trace amounts of in-
fluenza B virus RNA were detected in patients, which
did not allow its subtyping to be performed.

The 2021-2022 season was characterized by an
unusually early onset of influenza A(H3N2) virus cir-
culation: the first influenza cases among hospitalized
patients were detected as early as week 41 of 2021,
and the number of influenza cases peaked in week 48.
The epidemic was mono-ethiologic (97.0%) and was
caused by influenza A(H3N2) virus. Only at the end of
the season, sporadic cases of influenza B were detect-
ed. Against the background of the increased number of
hospitalizations with COVID-19, the total number of
influenza cases among hospitalized patients became
significantly lower (p < 0.001) by 4.0 and 5.5 times
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Fig. 2. Changes in the frequency of laboratory-confirmed cases of influenza, ARVI (total) and COVID-19 among hospitalized
patients over a 5-year period.
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compared to the 2018-2019 and 2019-2020 seasons,
respectively. The last influenza epidemic season was
characterized by a cardinal change of the pathogen
with the return of influenza virus subtype A(HIN1)
pdm09 and influenza B viruses of the Victoria lineage
(Table 2, Fig. 3).

Thus, a feature of the last 2 epidemics was an ear-
lier onset of influenza virus circulation (by 6-9 weeks
compared with the epidemics of the pre-pandemic peri-
od) with peak PCR detection of viruses in hospitalized
patients as early as the 48" and 50™ weeks of the year
(compared with 5—7 weeks of the following year in the
pre-pandemic seasons) (Fig. 3).

Monitoring the etiology of non-influenza acute
respiratory diseases

A study of the structure of respiratory morbidity of
non-influenza etiology, whose incidence among hospi-
talized patients was significantly higher than that of in-
fluenza (38.2% vs. 21.7% of the number of patients ex-
amined; p < 0.0001), showed that in the pre-pandemic
period the most significant (p < 0.0001) pathogen was
RSV, which caused the greatest number of hospitaliza-
tions (up to 26.8% in children aged < 2 years). Rhino-
viruses were the next most important (up to 16.6% in
this age group). The role of the other pathogens was
generally relatively minor.

The emerging COVID-19 pandemic has funda-
mentally changed the etiologic picture: in the 2020-
2021 season, RSV (as well as influenza viruses) prac-
tically disappeared from circulation, and only isolated
cases of this infection were registered among hospital-
ized patients. Of particular interest is the sharply in-
creased (6—12 times) importance of metapneumovirus
infection (p < 0.000), the pathogen of which belongs to
the same family as RSV (Pneumoviridae). In the next
season (2021-2022), there were practically no cases
of metapneumovirus infection, but RSV reappeared in
the circulation, which became even more active in the
2022-2023 season, reaching the indicators characteris-
tic of the pre-pandemic period (Fig. 4).

Age-specific etiologies of the most important
respiratory infections

Analysis of the total annual data on the role of the
main pathogens in the hospitalization of patients de-
pending on age showed that in all these years, except
for two seasons of active spread of SARS-CoV-2, RSV
affected predominantly children of younger age groups
0-2 and 3-6 years (up to 16.5-26.8% of patients), but
was rarely registered in age groups 7 years and older
(p < 0.0001). The age range for rhinovirus infection
was significantly wider, covering all pediatric age
groups. The frequency of rhinovirus detection in hos-
pitalized children in the 0-2 year age group ranged
from 10.1 to 16.6% and was significantly higher than
in adult patients aged 18—64 and > 65 years in all years
(p < 0.001). Differences between rhinovirus detection
rates in hospitalized children aged 0-2 and 3-6 years
were not significant. Interestingly, in the 2020-2021
season, when RSV circulation decreased dramatical-
ly, there was a significant increase in the frequency of
rhinovirus detection compared to the previous two sea-
sons (p < 0.001). In the last season compared to 2021—
2022, there was a trend of increasing frequency of RSV
(» < 0.001) and rhinovirus infection (p < 0.001)
against the background of decreasing significance of
COVID-19 (p <0.001).

In contrast to RSV and rhinovirus infection,
COVID-19 as a cause of hospitalization was reported
significantly less frequently in children than in adults
(p <0.001). At the beginning of the pandemic (2019—
2020 season), no COVID-19 cases were reported
among hospitalized children under 17 years of age; in
the following season, the detection rate of the virus in
children across age groups was also low, ranging from
0.8% to 2.4% of those examined in this age group (with
a detection rate of 52.1-66.7% in adults). In the 2021-
2022 season, the detection rate of SARS-CoV-2 among
hospitalized children increased to 6.8—13.6%. These
differences became less pronounced in the latter sea-
son due to a decrease in SARS-CoV-2 detection among
both children and adults. The detection rate of SARS-

Table 2. The role of influenza viruses A(H1N1)pdm09, A(H3N2) and B) in the development of acute respiratory diseases

requiring hospitalization over 5 consecutive seasons

Influenza cases Percentage of PCR-positive influenza cases by type/subtype
Season o:‘\j :;T;ig?l:s AHINT)

number % pdm09 A(H3N2) A not subtyped B
2018-2019 3057 1108 36,2 53,2 45,1 0,4 1,3
2019-2020 4044 1420 35,1 44,0 54 2,0 48,6
2020-2021 2519 2 0,1 0,0 0,0 0,0 -
2021-2022 4131 270 6,5 0,0 97,0 0,4 2,6
2022-2023 4707 657 14,0 42,8 0,3 18,7 38,2
Total 18458 3457 18,7 43,3 243 4,5 27,9
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CoV-2 in adult patients aged 18—64 and >65 years was
significantly higher compared with other age groups
in all seasons (p < 0.001), but the differences between
the detection rates of SARS-CoV-2 in the 18—64 and
> 65 age groups were only significant in the 20222023
season, when the percentage of hospitalizations among
adults aged 18-64 years decreased 3.5-fold (p < 0.001;
Figure 5).

Etiology of respiratory disease in intensive care units

During the entire period, 1112 (6.0%) of the total
18,458 hospitalized patients included in the study were
referred to the ICU. Influenza viruses, SARS-CoV-2
or other ARI pathogens were detected in 668 patients.
Children under 6 years of age were most frequently
hospitalized in ICU in 517 (77.4%) cases during the
whole period, children aged 717 years in 86 (12.9%)
cases, and adults were the least frequently hospitalized
in ICU in 65 cases (9.7% of the total number of patients
in ICU (the differences are significant, p < 0.001).

In young children (0—6 years of age), RSV in-
fection was most frequently diagnosed in all sea-
sons except 2020-2021, when SARS-CoV-2 spread
widely (28.9—47.7% of all PCR-positive cases in the
ICU). In the 2020-2021 season, the RSV detection
rate dropped to 3.6% against the background of a

ORIGINAL RESEARCHES

2-5-fold increased role compared with previous years
of metapneumovirus infection (up to 28.4%), seasonal
coronavirus infection (up to 14.2%), bocaviruses (up
to 11.2%), and rhinoviruses (up to 20.9%) (p <0.001).
In the next 2 seasons, the incidence of RSV and rhi-
noviruses increased to 28.9—-41.7% and 45.4-18.7%,
respectively, while COVID-19 was diagnosed in only
0.5-7.2% of cases in this group. The role of influen-
za viruses varied by season: during the pre-pandem-
ic period, influenza A(HIN1)pdm09 virus was more
frequently reported in children aged < 6 years (11.9—
16.4% of cases), influenza A(H3N2) virus was detect-
ed in 0.9-7.3%, and influenza B virus in up to 9.2% of
cases. In the 2020-2021 season, diseases of influenza
etiology among children were not registered in ICU,
and their detection rate in the postpandemic period in
ICU did not exceed 4.1%.

In school-aged children 7—17 years of age, the
leading causes of hospitalization in the ICU were in-
fluenza A(HIN1)pdmO09 viruses, 66.7 and 25.0% in
the 2018-2019 and 2022-2023 seasons, influenza
A(H3N2) viruses, 12.5 and 30.0% in the 2019-2020
and 2021-2022 seasons, and influenza B viruses, 50.0
and 19.4% in the 2018-2019 and 2019-2020 seasons,
while metapneumovirus (24.0%), seasonal coronavirus
(14.0%), and rhinoviruses (30.2%) were most frequent-

Table 3. Age-related peculiarities of the etiology of the most significant respiratory infections

Age, years
Season
0-2 3-6 | 7-17 | 18-64 | 65+
RSV
2018-2019 26,8 16,5 4,8 2,2 4,9
2019-2020 257 13,6 3,3 1,0 2,3
2020-2021 1,7 1,2 0,3 0,0 0,0
2021-2022 13,4 6,9 3,6 1,2 1,3
2022-2023 241 12,1 3,8 1,3 2,3
Rhinovirus
2018-2019 10,1 11,3 7.4 43 2,9
2019-2020 10,2 8,3 5,1 3,8 1,5
2020-2021 16,6 14,6 14,6 2,3 1,1
2021-2022 13,8 13 6,5 2,6 0,8
2022-2023 14,2 13,7 12,2 5,2 2,9
SARS-CoV-2

2018-2019 0,0 0,0 0,0 0,0 0,0
2019-2020 0,0 0,0 0,0 5,3 15,2
2020-2021 1,2 0,8 24 52,1 66,7
2021-2022 10,6 6,8 13,6 50,7 53,6
2022-2023 47 1,5 4,0 13,5 34,6
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ly detected in the 2020-2021 season. COVID-19 cases
were most frequently (32.0%) detected in schoolchil-
dren in the 2021-2022 season, with a decrease to 8.4%
in the following season due to the increased role of in-
fluenza and RSV viruses.

A different picture was observed in adult patients.
If in the pre-pandemic period, influenza B viruses
were the main cause of hospitalization in SARI, then,
starting from the season 2019-2020, SARS-CoV-2 vi-
rus became the main cause of hospitalization in ICU
(60—100% of cases). The role of other pathogens in the
development of SARI in adults was insignificant.

A comparative analysis of disease etiology in
patients admitted on general acute respiratory (GAR)
and ICU wards showed that young children had the
highest incidence of RSV diagnoses in ICU in all sea-
sons except pandemic season 2020-2021, exceeding
diagnosis incidence in GAR by 8.1-13.2%. In the
2021-2022 season, an excess of rhinovirus infection
diagnosis was observed in ICU compared to GAR.
In children 7-17 years of age, during the seasons of
active circulation of influenza A(HIN1)pdmO9 virus
(2018-2019 and 2022-2023), this pathogen was diag-
nosed more frequently in ICU compared to GAR. In
adult patients, the main differences concerned SARS-
CoV-2, the detection rate of which was distinctly high-
er in ICU than in GAR. Differences in other infections
were insignificant (Fig. 6).

Discussion

Over a 5-year period, all 18,458 patients hospital-
ized in infectious diseases hospitals in 3 major Russian
cities (St. Petersburg, Novosibirsk, and Yekaterinburg)

were examined by PCR to determine the role of influ-
enza viruses A(HIN1)pdm09, A(H3N2), Victoria and
Yamagata B lineages, SARS-CoV-2, as well as other
pathogens such as RSV, rhinoviruses, metapneumovi-
ruses, coronaviruses, adenoviruses, parainfluenza vi-
ruses, bocaviruses, in the development of SARI requir-
ing hospitalization, and to determine age-specific etio-
logy of disease. Weekly monitoring of influenza cases
among the examined patients showed an alternation of
dominant pathogens: A(HIN1)pdm09 and A(H3N2) in
the 2018-2019 season, A(HIN1)pdm09 and B in the
2019-2020 season, A(H3N2) in the 2021-2022 sea-
son, A(HIN1)pdm09 and B in the 2022-2023 season.
Among influenza B viruses, strains of the Victoria lin-
eage predominated in all seasons. The last cases of in-
fluenza B lineage Yamagata in our study among hospi-
talized patients were reported at the end of 2019-2020
season. In 2020-2021 season (developed SARS-CoV-2
pandemic), there were almost no cases of influenza A
and B among the hospitalized patients studied. In the
2022-2023 season, the data obtained on the monitor-
ing of influenza etiology among hospitalized patients
clearly correlated with the results of traditional sur-
veillance in Russia [10], while in North America and
Western Europe, influenza A(H3N2) viruses were most
prevalent [11, 12]. Such differences determine the ne-
cessity to formulate its own strategy of strain selection
for vaccines in Russia (taking into account WHO rec-
ommendations) in order to improve the effectiveness of
vaccine prophylaxis, as it is carried out at the national
level in other highly developed countries, for example,
the National Immunization Advisory Committee Tech-
nical Working Group in China [13].

Table 4. Comparison of the etiology of SARI in children 0—6 years old hospitalized in general wards for ARVI
and in intensive care units (ICU) over a 5-year observation period

Secon | A | avanz) | & | e | Aderor | gy | Metspreuno- | Corna- | Boca- | R | sus.cov
All patients
2018-2019 23,1 13,5 0,4 3,9 3,3 27,1 8,9 4,1 3,6 12,1 0,0
2019-2020 22,7 2,0 15,2 55 5,7 26,2 3,7 3,3 3,8 11,8 0,0
2020-2021 0,0 0,0 0,1 16,9 53 2,0 29,8 14,8 9,0 20,7 1,3
2021-2022 0,0 11,4 0,3 12,3 6,9 20,1 0,4 4,6 3,7 23,5 16,6
2022-2023 9,1 0,1 6,3 7.2 4,4 28,5 6,1 71 6,6 19,5 52
ICU patients
2018-2019 16,4 7,3 1,8 9,1 3,6 38,2 515 3,6 73 7,3 0,0
2019-2020 11,9 0,9 9,2 2,8 0,9 47,7 55 3,7 4,6 12,8 0,0
2020-2021 0,0 0,0 0,0 11,2 6,0 3,0 28,4 14,2 11,2 20,9 5.2
2021-2022 0,0 4,1 0,0 3,1 3,1 28,9 0,0 52 3,1 454 7,2
2022-2023 2,7 0,0 3,2 9,1 3,7 41,7 7,0 5,9 75 18,7 0,5
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Table 5. Comparison of the etiology of SARI in children 7—7 years old hospitalized in general wards for ARVI
and in intensive care units (ICU) over a 5-year observation period

season | “Jinng’ | AKON2) | B |08 | e | RSV M| S| s | virus | SARS-Cov2

All patients

2018-2019 35,3 28,4 1,0 2,5 2,0 7.8 4,9 4,4 1,5 12,3 0,0

2019-2020 21,8 59 45,7 3,1 59 5,5 2,4 0,0 1,0 8,7 0,0

2020-2021 0,0 0,0 0,0 14,5 5,6 0,6 24,0 14,0 6,1 30,2 5,0

2021-2022 0,0 34,9 0,8 54 3,3 5,0 0,0 29 0,4 15,4 32,0

2022-2023 15,4 0,2 21,2 3,9 5,8 8,1 6,0 5,1 0,4 25,7 8,4
ICU patients

2018-2019 66,7 0,0 0,0 0,0 0,0 11,1 0,0 11,1 0,0 11,1 0,0

2019-2020 12,5 12,5 50,0 0,0 12,5 0,0 0,0 0,0 0,0 12,5 0,0

2020-2021 0,0 0,0 0,0 59 59 0,0 23,5 29,4 0,0 35,3 0,0

2021-2022 0,0 30,0 0,0 5,0 0,0 10,0 0,0 10,0 0,0 20,0 25,0

2022-2023 25,0 0,0 19,4 0,0 5,6 13,9 8,3 2,8 2,8 19,4 2,8

Table 6. Comparison of the etiology of SARI in patients 18+ years hospitalized in general wards for ARVI

and in intensive care units (ICU) over a 5-year observation period

season | “Sinng’ | ACON2) | B 0i | e | RSV M e | T | s | virus | SARS-Cov2

All patients

2018-2019 31,0 45,2 1,2 3,3 1,6 4,5 2,7 3,1 0,0 7,4 0,0

2019-2020 25,3 3,4 38,6 3,3 3,3 21 1,3 3,2 0,4 7,0 11,9

2020-2021 0,0 0,0 0,0 4,7 0,5 0,0 57 5,2 0,5 2,8 80,6

2021-2022 0,0 2,5 0,2 0,3 0,3 2,2 0,9 1,2 0,3 3,0 89,1

2022-2023 59 0,0 4,7 3,7 2,5 4,7 5,0 3,1 0,0 11,5 58,9
ICU patients

2018-2019 0,0 0,0 50,0 50,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0

2019-2020 10,0 0,0 20,0 0,0 0,0 0,0 10,0 0,0 0,0 0,0 60,0

2020-2021 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 100,0

2021-2022 0,0 0,0 0,0 0,0 4,2 4,2 0,0 0,0 0,0 0,0 91,7

2022-2023 0,0 0,0 0,0 0,0 0,0 0,0 6,3 0,0 0,0 12,5 81,3

Interesting data were obtained by monitoring the
expanded etiologic infrastructure of respiratory infec-
tions. It is generally believed that the sharp decline in
the activity of influenza and RSV viruses in the early
years of the pandemic caused by SARS-CoV-2 was due
to the wide implementation of anti-epidemic measures
[14]. Without denying this, it should be noted that ac-
cording to our more extensive studies, against the back-
ground of suppression of these infections in the season
2020-2021, the role of such pathogens as seasonal coro-
naviruses, parainfluenza viruses and, especially, metap-
neumoviruses in the development of SARI increased

significantly, despite the anti-epidemic measures. In the
following seasons, the frequency of RSV and influenza
virus detections began to recover, and the importance
of metapneumovirus infection in the hospitalization of
patients decreased to the usually reported rates. These
data support the earlier assumption that there is inter-
ference between individual pathogen species at the
population level [15], which was previously observed
only during the development of influenza pandemics.
Thus, it is known that the subtype of seasonal influen-
za A(HIN1) in 2009-2010 was completely displaced
by the newly emerged reassortant of human, swine and
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avian influenza viruses — variant A(HIN1)pdm09, in
1957-1958 the A(HIN1) subtype was displaced by the
"Asian" influenza A(H2N2) virus, and in the 1968—
1969 season, the A(H2N2) influenza virus subtype was
completely displaced by the newly emerged pandemic
A(H3N2) strain of the "Hong Kong influenza" virus.
The mechanisms of this phenomenon need to be further
investigated. Obviously, the results of the HS signifi-
cantly complement the data of the existing traditional
surveillance system, allowing to analyze the etiology
of SARI requiring hospitalization, which is not only
of theoretical interest, but also important for practical-
ly significant calculations of socio-economic damage
from costly hospitalization of patients. It is known that
the system of traditional surveillance allows determin-
ing the start/end of the epidemic on the basis of com-
parison of the actual level of morbidity with threshold
values (base lines) calculated from archival materials
of non-epidemic morbidity for the previous 5 seasons.
Furthermore, these data allow estimating the intensity
of the epidemic based on the average statistical data for
the previous years [16-20]. At the same time, the WHO
guidelines have recently set new tasks: they point out
the need to define such indicators "as the severity of
the disease". It is stated that "the severity of the dis-
ease depends on the host organism, such as the presence
of concomitant medical conditions that predispose the
individual to develop severe disease, history of pre-
ventive vaccination (e.g., influenza and pneumococcal
disease), the age of the individual, and the availability
of medical care". HS opens up new possibilities for de-
fining these indicators, which will be reflected in the
following publications.

Summary

Peculiarities of etiology of severe acute respira-
tory infections in children and adults were determined
with assessment of the impact of the COVID-19 pan-
demic on the etiologic infrastructure of diseases.

Weekly monitoring showed a change in the etio-
logic mosaic of SARI pathogens during the COVID-19
pandemic, with a sharp decrease in the detection rate of
influenza and RSV viruses and its gradual recovery in
the post-pandemic period.

Age-specific etiologic features of SARI in ICU
have been established. Severe forms of diseases in
children in ICU in the post-pandemic period were
most often associated with respiratory syncytial infec-
tion, while in adults the main pathogen of SARI was
SARS-CoV-2.

Conclusion

HS data significantly complement epidemiologic
information obtained in the traditional surveillance sys-
tem, which determines the feasibility of its introduction
into clinical and epidemiologic practice. Monitoring of
infections showed a continuously changing etiologic

infrastructure of SARI, with the disappearance of in-
fluenza and RSV during the COVID-19 pandemic and
their return to circulation in the post-pandemic period.

CIIMCOK UCTOYHHUKOB | REFERENCES

1. Smeeth L., Thomas S.L., Hall A.J., et al. Risk of myocardial
infarction and stroke after acute infection or vaccination.
N. Engl. J. Med. 2004; 351(25):2611-8.

DOI: https://doi.org/10.1056/NEJMoa041747

2. Wedzhicha J.A., Seemungal T.A.R. COPD exacerbations:
definingtheircauseandprevention. Lancet.2007;370(9589):786—
96. DOI: https://doi.org/10.1016/S0140-6736(07)61382-8

3. Andrew M., Pott H., Staadegaard L., et al. Age differences in
comorbidities, presenting symptoms and outcomes of influenza
illness requiring hospitalization: a worldwide perspective from
the Global Influenza Hospital Surveillance Network. Open
Forum Infect. Dis. 2023;10(6):0fad244.

DOI: https://doi.org/10.1093/ofid/ofad244

4. Comunnna A.A., Cmoponunuesa E.A., Ctonspos K.A., Menb-
HuKoBa A.A. CoOBepLICHCTBOBAaHME CHCTEMbl Haja30pa 3a
rpunmnoM B Poccuiickoit denepanuu: OCHOBHBIE PE3YJIBTAaThl
CHI'HAJIBHOTO HAJ30pa 3a I'PHUINOM ¥ APYTHMH OCTPBIMH pe-
CIIUPATOPHBIMU BUPYCHBIMH HHQPCKIHAMU. INUOCMUOLO2USL
u eaxyunonpoguiakmuxa. 2017;16(1):7-15. Sominina A.A.,
Smorodintseva E.A., Stolyarov K.A., Mel'nikova A.A. En-
hancement of the influenza surveillance system in the Russian
Federation: The main results of the sentinel surveillance
for influenza and other acute respiratory viral infections.
Epidemiology and Vaccinal Prevention. 2017;16(1):7-15.

DO https://doi.org/10.31631/2073-3046-2017-16-1-7-15
EDN: https://elibrary.ru/yjcgsz

5. Puig-Barbera J., Tormos A., Trushakova S., et al. The Global
Influenza Hospital Surveillance Network (GIHSN): a new
platform to describe the epidemiology of severe influenza.
Influenza Other Respir. Viruses. 2015;9(6):277-86.

DOI: https://doi.org/10.1111/irv.12335

6. Puig-Barbera J., Mira-Iglesias A., Burtseva E., et al. Influenza
epidemiology and influenza vaccine effectiveness during the
2015-2016 season: results from the Global Influenza Hospital
Surveillance Network. BMC Infect. Dis. 2019;19(1):415.

DOI: https://doi.org/10.1186/s12879-019-4017

7. Baselga-Moreno V., Trushakova S., McNeil S., et al. Influenza
epidemiology and influenza vaccine effectiveness during the
2016-2017 season in the Global Influenza Hospital Surveillance
Network (GIHSN). BMC Public Health. 2019;19(1):487.

DOI: https://doi.org/10.1186/s12889-019-6713-5

8. Puig-Barberal., BurtsevaE., Yu H., etal. Influenza epidemiology
and influenza vaccine effectiveness during the 2014-2015
season: annual report from the Global Influenza Hospital
Surveillance Network. BMC Public Health. 2016;16(Suppl. 1):
757. DOT: https://doi.org/10.1186/s12889-016-3378-1

9. Cohen L., Hansen C., Andrew M., et al. Predictors of severity
of influenza-related hospitalizations: results from the Global
Influenza Hospital Surveillance Network (GIHSN). J. Infect.
Dis. 2024;229(4):999-10009.

DOIL: https://doi.org/10.1093/infdis/jiad303

10. Simon B., Pichon M., Valette M., et al. Whole genome
sequencing of A(H3N2) influenza viruses reveals variants
associated with severity during the 2016-2017 season. Viruses.
2019;11(2):108. DOI: https://doi.org/10.3390/v11020108

11. Domingo E., Sheldon J., Perales C. Viral quasispecies evolution.
Microbiol. Mol. Biol. Rev. 2012;76(2):159-216.
DOI: https://doi.org/10.1128/MMBR.05023-11

12. Dinis J.M., Florek K.R., Fatola O.0., et al. Deep sequencing
reveals potential antigenic variants at low frequencies in
influenza A virus-infected humans. J. Virol. 2016;90(7):3355-65.
DOI: https://doi.org/10.1128/JVI1.03248-15



340

JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2024; 101(3)

DOI: https://doi.org/10.36233/0372-9311-532

13. Sominina A., Danilenko D., Komissarov A.B., et al. Assessing
the Intense influenza A(HIN1)pdm09 epidemic and vaccine
effectiveness in the post-COVID season in the Russian
Federation. Viruses. 2023;15(8):1780.

DOI: https://doi.org/10.3390/v15081780

14. Skowronski D.M., Chuang E.S., Sabaiduc S., et al. Vaccine
effectiveness estimates from an early-season influenza A(H3N2)
epidemic, including unique genetic diversity with reassortment,
Canada, 2022/23. Euro Surveill. 2023;28(5):2300043.

DOL: https://doi/10.2807/1560-7917.ES.2023.28.5.2300043

15. National Immunization Advisory Committee Technical Wor-
king Group. Technical guidelines for seasonal influenza vacci-
nation in China (2020-2021). Zhonghua Yu Fang Yi Xue Za Zhi.
2020;54(10):1035-59.

DOIL: https://doi.org/10.3760/cma.j.cn112150-20200911-01198
(in Chinese)

16. Olsen S.J., Azziz-Baumgartner E., Budd A.P., et al. Decreased
influenza activity during the COVID-19 pandemic — United
States, Australia, Chile, and South Africa, 2020. MMWR Morb.
Mortal. Wkly Rep. 2020;69(37):1305-9.

DOI: https://doi.org/10.15585/mmwr.mm6937a6

Information about the authors

Anna A. Sominina® — D. Sci. (Med.), Professor, Head, Laboratory
of the risk factors assessment in influenza and ARVI, Smorodintsev
Research Institute of Influenza, St. Petersburg, Russia,
anna.sominina@influenza.spb.ru,
https://orcid.org/0000-0001-9671-0629

Darya M. Danilenko — Cand. Sci. (Biol.), Deputy director for scientific
work, Head, Department of etiology and epidemiology, Smorodintsev
Research Institute of Influenza, St. Petersburg, Russia,
https://orcid.org/0000-0001-6174-0836

Andrey B. Komissarov — Head, Laboratory of molecular virology,
Smorodintsev Research Institute of Influenza, St. Petersburg, Rus-
sia, https://orcid.org/0000-0003-1733-1255

Maria M. Pisareva — Cand. Sci. (Biol.), leading researcher, Labora-
tory of molecular virology, Smorodintsev Research Institute of Influ-
enza, St. Petersburg, Russia, https://orcid.org/0000-0002-1499-9957

Tamila D. Musaeva — junior researcher, Laboratory of molecular vi-
rology, Smorodintsev Research Institute of Influenza, St. Petersburg,
Russia, https://orcid.org/0000-0002-3050-1936

Kirill A. Stolyarov — leading programmer, Laboratory of epidemiology
of influenza and ARVI, Smorodintsev Research Institute of Influenza,
St. Petersburg, Russia, https://orcid.org/0000-0002-1765-2799

Olga I. Afanasyeva — D. Sci. (Med.), Head, Department of RVI in
children, Smorodintsev Research Institute of Influenza, St. Peters-
burg, Russia, https://orcid.org/0000-0002-1229-171X

Veronika S. Timonina — Doctor, St. Olga Children's City Hospital,
St. Petersburg, Russia, https://orcid.org/0000-0002-2887-0126

Evgeny V. Venev — senior lecturer, Smorodintsev Research Institute
of Influenza, St. Petersburg, Russia,
https://orcid.org/0000-0003-2769-4586

Tatiana P. Levanyuk — leading programmer, Laboratory of risk fac-
tors assessment in influenza and ARVI, Smorodintsev Research In-
stitute of Influenza, St. Petersburg, Russia,
https://orcid.org/0009-0003-6888-6848

Elizaveta A. Smorodintseva — Cand. Sci. (Med.), leading researcher,
Laboratory of risk factors assessment in influenza and ARVI, Smoro-
dintsev Research Institute of Influenza, St. Petersburg, Russia,
https://orcid.org/0000-0002-5002-0523

Olga G. Kurskaya — Cand. Sci. (Med.), senior researcher, Laborato-
ry of virology, Federal Research Center for Fundamental and Trans-
lational Medicine, Novosibirsk, Russia,
https://orcid.org/0000-0002-1931-2026

Alexander M. Shestopalov — D. Sci. (Biol.), Professor, Director, Re-
search Institute of Virology, Federal Research Center for Fundamen-
tal and Translational Medicine, Novosibirsk, Russia,
https://orcid.org/0000-0002-1880-8708

ORIGINAL RESEARCHES

17. Adlhoch C., Mook P., Lamb F., et al. Very little influenza in the
WHO European Region during the 2020/21 season, weeks 40
2020 to 8 2021. Euro Surveill. 2021;26(11):2100221.

DOI: https://doi.org/10.2807/1560-7917.es.2021.26.11.2100221

18. Comunnna A.A., Hanmnenko .M., CromspoB K.A. u np.
Wnrepdpepenuuss SARS-CoV-2 ¢ npyrumu  Bo30yIHMTEISIMU
peCHMpPaTOpHBIX BUPYCHBIX MHGEKIMI B TEPHOJ MaHIEMHUH.
Dnuodemuonocus u eakyunonpoguiakmuxa. 2021;20(4):28-39.
Sominina A.A., Danilenko D.M., Stolyarov K.A., et al. Inter-
ference of SARS-CoV-2 with other respiratory viral infections
agents during pandemic. Epidemiology and Vaccinal Prevention.
2021;20(4):28-39.

DOI: https://doi.org/10.31631/2073-3046-2021-20-4-28-39
EDN: https://elibrary.ru/cdrnsj

19. Vega T., Lozano J.E., Meerhoff T., et al. Influenza surveillance in
Europe: establishing epidemic thresholds by the moving epidemic
method. Influenza Other Respir. Viruses. 2013;7(4):546-58.
DOTI: https://doi.org/10.1111/j.1750-2659.2012.00422.x

20. Vega T., Lozano J.E., Meerhoff T., et al. Influenza surveillance
in Europe: comparing intensity levels calculated using the
moving epidemic method. Influenza Other Respir. Viruses.
2015;9(5):234-46. DOI: https://doi.org/10.1111/irv.12330

UHgopmayusi 06 aemopax

ComuHuHa AHHa AdonbghosHa™ — f.M.H., npodbeccop, 3as. nab.
n3yyeHus cpaktopoB pucka npu rpunne u OPBU HAW rpunna um.
A.A. CmopoauHuesa, CankT-letepbypr, Poccus,
anna.sominina@influenza.spb.ru,
https://orcid.org/0000-0001-9671-0629

HaHunenko [Japbsi MuxatinogHa — K.6.H., 3aM. AupeKTopa no Hayy-
Hol paboTe, 3aB. OTAENOM 3TMornorun u anugemuonorum HAW rpun-
na um. A.A. CmopoaunHuesa, CaHkT-MNeTepbypr, Poccus,
https://orcid.org/0000-0001-6174-0836

Komuccapos AHOpeli bopucosuy — 3aB. nab. MonekynspHow BUpy-
conorum HAW rpunna um. A.A. CmopoauHuesa, CaHkT-letepbypr,
Poccus, https://orcid.org/0000-0003-1733-1255

lNucapesa Mapusi MuxatinoeHa — K.6.H., B.H.C. nab. MonekynspHowu
Bupyconorun HAW rpunna um. A.A. CmopoaunHueBa, CaHkT-lNeTtep-
oypr, Poccus, https://orcid.org/0000-0002-1499-9957

Mycaeea Tamuna [JauposHa — M.H.C. nab. MONEKynspHoOW BMPYCO-
norum HAW rpunna um. A.A. CmopoguHueBa, CaHkT-lNeTepbypr, Poc-
cus, https://orcid.org/0000-0002-3050-1936

Cmonspos Kupunn AnekcaHOposuy — BeAyLUMIA nporpammuct nab.
anvugemuornorum rpunna n OP3 HUW rpunna um. A.A. CMopoauHLe-
Ba, CaHkT-lNeTepbypr, Poccus,
https://orcid.org/0000-0002-1765-2799

AdpaHacbesa Ornbea VeaHoeHa — [.M.H., 3aB. oTaeneHuem PBU y
netent HAW rpunna um. A.A. CmopoaunHuesa, CaxkT-letepbypr, Poc-
cms, https://orcid.org/0000-0002-1229-171X

TumoHuHa BepoHuka CepeeesHa — Bpauy [JeTckol ropoackon 6onb-
HuLbl CesiTon Onbru, CaxkT-MNeTepbypr, Poccus,
https://orcid.org/0000-0002-2887-0126

Beree EseeHuli Banepbesuy — cTapwwuin npenogasatens HUU
rpunna um. A.A. CmopoauHueBa, CaHkT-lNeTepbypr, Poccus,
https://orcid.org/0000-0003-2769-4586

JlesaHiok TambsiHa [lemposHa — Bepywmii nporpaMmmuct nab.
n3yyeHus daktopoB pucka npu rpunne u1 OPBU HAWU rpunna um.
A.A. CmopoauHueBa, CaHkT-lNeTepbypr, Poccus,
https://orcid.org/0009-0003-6888-6848

CmopoduHyesa Enusasema AnekcaHOpo8Ha — K.M.H., B.H.C. na6.
n3yyeHns dpaktopos pucka npu rpunne n OPBU HAW rpunna vm.
A.A. CmopoauHueBa, CaHkT-letepbypr, Poccus,
https://orcid.org/0000-0002-5002-0523

Kypckasi Onbea [puzopbesHa — K.M.H., C.H.C. nab. Bupyconorum
PN, dbyHOoameHTanbHOW M TPaHCRAUMOHHON MeauumHbl, HoBocu-
6upck, Poccus, https://orcid.org/0000-0002-1931-2026
LLlecmonarnoe AnekcaHOp Muxatinosuy — A.6.H., npodgeccop, ou-
pektop HAW Bupyconorum ®ULL coyHaameHTansHom 1 TpaHCRALMOH-
HoW MeauumHbl, HoBocnbunpck, Poccus,
https://orcid.org/0000-0002-1880-8708



KYPHAJ1 MUKPOBUOJIOTUN, SMTMAEMNONOTUN N UMMYHOBUOJOIMI. 2024; 101(3) 341

DOI: https://doi.org/10.36233/0372-9311-532

OPUTVHANbHbBIE NCCJTIEAOBAHNA

Evgenya V. Lelenkova — epidemiologist, Federal Research Institute
of Viral Infections “Virome”, Yekaterinburg, Russia,
https://orcid.org/0000-0003-2004-0977

Alexander V. Semenov — D. Sci. (Biol.), Professor, Director, Federal
Research Institute of Viral Infections “Virome”, Yekaterinburg, Russia,
https://orcid.org/0000-0003-3223-8219

Dmitry A. Lioznov — D. Sci. (Med.), Professor, Director, Smorodint-
sev Research Institute of Influenza, St. Petersburg, Russia; Head,
Department of infectious diseases and epidemiology, First St. Peters-
burg State Medical University named after Academician |.P. Pavlov,
St. Petersburg, Russia, https://orcid.org/0000-0003-3643-7354

Author contribution: Significant contribution to the concept of the
work, drafting the work — Sominina A.A. (AAS), Danilenko D.M.
(DMD); significant contribution to the design of the work — AAS;
data collection — Afanasyeva O.l., Timonina V.S., Venev E.V., Kur-
skaya O.G., Lelenkova E.V.; formation of an electronic database —
Stolyarov K.A., Pisareva M.M.; PCR performance — Komissa-
rov A.B., Pisareva M.M., Musaeva T.D., Kurskaya O.G.; formation of
a Cryobank of clinical samples — Komissarov A.B., Pisareva M.M.;
data analysis — AAS, DMD, Levanyuk T.P; interpretation of data —
AAS, DMD, Lioznov D.A.; statistical processing of results — Stolya-
rov K.A., Smorodintseva E.A.; critical assessment of the work for
important intellectual content, final approval of the version for publi-
cation — Shestopalov A.M., Semenov A.V., Lioznov D.A. All authors
confirm that they meet the International Committee of Medical Journal
Editors criteria for authorship, made a substantial contribution to the
conception of the article, acquisition, analysis, interpretation of data
for the article, drafting and revising the article, final approval of the
version to be published.
The article was submitted 19.04.2024;
accepted for publication 05.06.2024;
published 29.06.2024

JleneHkosa EezeHus BukmopoeHa — Bpay-anuaemuonor degepanb-
HOro Hay4HO-MCCNeaoBaTeNbCKOro MHCTUTYTa BUPYCHBIX MHEKLWN
«Bupom», EkatepuHbypr, Poccus,
https://orcid.org/0000-0003-2004-0977

CemeHos AnekcaHOp Bnadumuposud — f.6.H., npodeccop, anpek-
Top PenepanbHOro Hay4HO-MCCHEQOBATENBCKONO UHCTUTYTa BUPYC-
HbIX MHdekunn «Bupom», ExkatepuHbypr, Poccus,
https://orcid.org/0000-0003-3223-8219

JluosHose Amumputli AHamornbesu4y — A.M.H., npoceccop, ANPeKTop
HWW rpunna um. A.A. CmopoaunHueBa, CaHkT-lMNeTtepbypr, Poccus;
3aB. kad. MHMEKUMOHHbIX BonesHew n anugemuonorun [lepsoro
CaHkT-lNeTepbyprckoro rocyaapcTBEHHOMO MeAULIMHCKOrO YHUBEPCU-
Teta um. akag. W.IN. Naenosa, CaHkT-lNetepbypr, Poccus,
https://orcid.org/0000-0003-3643-7354

Yyacmue aemopoe: CyLlecTBEHHbI BKNag B KOHUeNUuo paboThbl,
cocTaBrneHue npoekta pabotel — ComuHuHa A.A. (AAC), daHuneH-
ko A.M. (OMA); cywecTBeHHbIN Bknad B Av3anH pabotel — AAC;
cbop paHHbix — AgpaHacbesa O.U., TumoHuHa B.C., Benes E.B.,
Kypckas O.I., IleneHkosa E.B.; chopmypoBaHMe 3neKkTpoHHOM 6a3bl
AaHHbIx — Cmonspos K.A., lNucapesa M.M.; noctaHoBka lNMLIP — Ko-
muccapos A.b., lNucapesa M.M., Mycaesa T.[., Kypckasi O.I; dop-
MupoBaHue KpnobaHka knmHnyeckmx obpasuo — Komuccapos A.b.,
lNucapesa M.M.; ananuns gaHHbix — AAC, M/, JlesaHtok T.[1.; nH-
TepnpeTtaumsa aaHHbix — AAC, M/, JluosHoes [.A.; ctatuctnyeckas
obpaboTka pesynsratoB — Cmonsipos K.A., CmopoduHuesa E.A.;
KpUTUYEeCKasn oLeHKa paboTbl HA NPeaMET BaXKHOrO UHTENNEeKTyarb-
HOrO cofepXaHusl, OKOH4YaTenbHOe YTBEPXAEHWE Bepcuu Ans ny-
6nukauun — Lllecmonarnoe A.M., CemeHos A.B., JluosHoe [].A. Bce
aBTOpbl NOATBEPXAAKT COOTBETCTBME CBOETO aBTOPCTBA KPUTEPUSM
MexagyHapogoHOro komutetTa pefakTopoB MELUUMHCKUX XKypHasoB,
BHECIM CYLLECTBEHHbIV BKNaj B NPOBEEHNE NMOUCKOBO-aHanmTnye-
CKov paboTbl ¥ NOArOTOBKY CTaTby, MPOYNU U 0A00PUIN dUHANBHYHO
Bepcuio Ao nyGnukaumm.
Cratbsi nocTynuna B peaakuuio 19.04.2024;
npuHsTa k nyénukauum 05.06.2024;
ony6nukosaHa 29.06.2024



