328 JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2023; 100(5)
DOI: https://doi.org/10.36233/0372-9311-376

ORIGINAL RESEARCHES

Original Study Article
https://doi.org/10.36233/0372-9311-376 W) Check for updates

Monitoring of respiratory viral infections in Moscow
during 2011-2022

Elizaveta N. Vetrova', Alyona I. Chernyshova', Tatiana N. Pritchina’,
|[Elena I. Isaeval', Olga V. Morozova'>

'National Research Center of Epidemiology and Microbiology named after N.F. Gamaleya, Moscow, Russia;
2Federal Research and Clinical Center of Physical-Chemical Medicine, Moscow, Russia

Abstract

Introduction. Respiratory viruses (RV) circulate throughout the world and in all seasons of the year. Long-
term monitoring of the distribution of respiratory pathogens is necessary to analyze the relevance of diagnostic
systems to current viral isolates, to assess the risks of infection and the need for vaccine development and use,
as well as to investigate the interdependence of RV reproduction in mixed infections.

Objective — to study the causative agents of acute respiratory viral infections (ARVI) in Moscow during 2011-
2022 by reverse transcription with subsequent polymerase chain reaction with fluorescent hydrolysis probes
detection in real-time (RT%-PCR).

Materials and Methods. Nasopharyngeal swabs from 3908 patients with acute respiratory infections were
examined by the RT?-PCR.

Results. Monitoring of RV spread in Moscow showed cyclical changes in frequencies with three dominant species:
influenza A virus (up to 31.3%), respiratory syncytial virus (up to 24.8%) and human rhinoviruses (up to 21.3%)
in 2011-2020. The increase in the portion of unidentified clinical specimens from 1.2 to 28.5% in 2022 indicated
incomplete accordance of diagnostic systems to modern RV isolates or the emergence of new species or strains
of pathogens. Unidirectional changes in dynamics were registered for 5 out of 9 studied RV with correlation
coefficients of 0.43-0.79. High frequencies of mixed acute respiratory viral infections (up to 33.4%) along with
unidentified samples do not allow us to accurately assess the risks of infection with various RV in Moscow, but
prove the necessity of preventing infectious diseases with the most common RV.

Conclusion. Analysis of the dynamics of RV frequencies in Moscow showed the preservation of the dominant
species: influenza A virus, respiratory syncytial virus and human rhinoviruses. During the period of vaccination
against COVID-19, the proportion of seasonal coronaviruses increased.

Keywords: respiratory viruses, reverse transcription with real-time PCR, human respiratory syncytial virus
(hRSv), human metapneumovirus (hMpv), human parainfluenza viruses types 1, 2, 3 and 4 (hPiv), human
seasonal coronaviruses (hCov) and SARS-CoV-2, human rhinoviruses (hRv), human adenoviruses of groups B,
C and E (hAdv), human bocavirus (hBov), influenza A (INF-A) and B (INF-B) viruses
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2DepepasnbHbli HAYYHO-KNMHNYECKMI LeHTP GU3NKO-XMUYecKon MmeauumHbl um. F0.M. JlonyxuHa, Mockea, Poccus

AHHOMayus

BBeaeHue. PecnvpatopHble Bupychl (PB) LMpKynMpyloT NOBCEMECTHO M KpyrnoroanyHo. [JonroBpeMeHHbIn Mo-
HUTOPUWHI pacnpocTpaHeHus Bo3byauTenen pecnmpaTopHbiX MHEKLUA HEOOXOAMM ANA aHann3a CoOOTBETCTBUSA
ONarHOCTUYECKUX CUCTEM COBPEMEHHbBIM BUPYCHBIM U30MsTaM, OLEHKN PUCKOB MHAPULIMPOBAHUS 1 HEOBXxoaumo-
CTU pa3paboTkM U NPUMEHEHUS BaKLUVWH, a Takke A UCccrnegoBaHusl B3aumo3aBUCUMOCTU penpoaykummn PB npu
CMELUaHHbIX MHEKUMSAX.

Llenb paboTtbl — nccnegosaHme Bo3byautenen ocTpbiX pecnnpaTopHbIX BUPYCHbIX nHdekumin (OPBW) B Mockse
B 2011-2022 rT. ¢ nomoLLblo 06paTHON TPAHCKPUMNLIMKU C MOCNEAYOLLEN NONMMMEPA3HON LENHOW peakumnen ¢ rv-
Opuan3aumnoHHO-hIyopeCLEHTHONM AeTeKUMen NPOAYKTOB B peanbHoM Bpemenun (OT-MLP-PB).

MaTtepuansbi u metogbl. Masku HocornoTkm 3908 nauneHtoB ¢ OPBU uccneposaHbl ¢ nomolbio OT-TMLP-PB.
PesynbraTtbl. MOHUTOPWHT pacnpocTpaHeHnss PB B MockBe nokasan LMKNnYeckne N3MeHeHst 4actoT C Tpemst
OOMUHMpYOLWMMKY Buaamu: Bupycom rpunna A (go 31,3%), pecnnpaTtopHo-CvHUMTUAnNbHBIM BUpycom (0 24,8%)
1 puHoBumpycamm yenoseka (Ao 21,3%) B 2011-2020 rr., KOTOPble COOTBETCTBOBANM AaHHbLIM U3 APYrUX perno-
HoB Poccun 1 MMpPOBbLIM TEHAEHLMAM, U BbICOKME YacToThbl BcTpedaemocTn SARS-CoV-2 (31,7%) B 2022 r. PocT
00NN HenaeHTMULMPOBAHHBIX KIMHUYeCKnx obpasuos oT 1,2 go 28,5% B 2022 r. cBMOETENLCTBYET O HEMOS-
HOM COOTBETCTBUM OUArHOCTUYECKUX CUCTEM COBPEMEHHbIM nsonatam PB unu o nosiBneHmMmn HOBbIX BMOOB Unn
LWTaMMOoB BO3Oyautenen. 3aperucTpmpoBaHbl O4HOHaMNpPaBneHHbIE U3MEHEHNSI AMHAMUKN AN 5 u3 9 nayyaemMbix
PB c koaddurumnenHtammn koppensaumm 0,43-0,79. Bbicokne yactoTbl cmewaHHbix OPBU (oo 33,4%) Hapsaay ¢
HemaeHTUMULMPOBaHHLIMKM 06pa3LaMm He NO3BOMSAT TOYHO OLEHUTL PUCKN MHULIMPOBAHUS pasnuyHbeiMn PB
B MockBe, ogHako Aoka3sbiBalT HE0OX0AMMOCTb NPoUNakTUKN MHPEKLMOHHbIX 3aboneBaHuin Hanbonee pac-
npocTpaHéHHbIMKN PB.

3akntoyeHune. AHanus AUHaMuKM 4acToT pacnpocTpaHeHns PB B Mockse nokasan coxpaHeHue JOMUHUPYHOLLNX
BMOOB: BUpYyca rpunna A, pecnnpaTtopHO-CUHLUMTUArBHOIO BUpYyCca 1 pHOBUPYCOB YenoBeka. B neproa BakumHa-
uun npotne COVID-19 yBenunumnack Jonst CE30HHbIX KOPOHABUPYCOB.

KnioueBble cnoBa: pecrnupamopHble supyckl, obpamHasi mpaHckpunuyusi ¢ MNP e peanbHOM 8peMeHuU, pecru-
pamopHo-cuHyumuarsbHbit supyc (hRSv), meman+Hesmosupyc (hMpv), supycei napazpunna 1, 2, 3 u 4-20 murnos
(hPiv), ce3oHHbIe kopoHasupychkl (hCov) u SARS-CoV-2, puHosupyce! Yenoseka (hRv), adeHosupycsi epynn B, C
u E (hAdv), bokasupyc denoseka (hBov), supycsi epunna A (INF-A) u B (INF-B)

Amuyeckoe ymeepxdeHue. ViccrneqosaHne npoBoaMIoch npu 4o6poBoribHOM MHPOPMUMPOBaAHHOM Corfacum nauu-
eHToB. [1poToKkon nccnegoBaHusl ogobpeH ATnYeckMuM KOMUTETOM HaumoHanbHOro MccneaoBaTenbCKoro LieHTpa anum-
aemMuornorun n mvkpobuonorun um. H.®. famanen Munagpasa Poccun (npotokon Ne 18 ot 21.02.2022).

HNcmoyHuk puHaHcupoeaHusi. ABTOpbI 3asBMSAT 06 OTCYTCTBMWN BHELLUHEro (hMHAHCUPOBAHWUSA Npu NPoBEAEHUN 1C-
cnepoBaHus.

KoHgpbnnukm uHmepecoe. ABTOpbI AeKNapupyoT OTCYTCTBUE SIBHLIX W MOTEHUMANbHBLIX KOH(MMKTOB UHTEPECOB, CBS-
3aHHbIX C Nybnukaumnen HacTosLLEn CTaTbu.

Ans yumupoeaHus: Betposa E.H., YepHeiwosa A.U., MputunHa T.H., NicaeBa E.WN., Mopo3oea O.B. MoHUTOpUHT
pecnupaTopHbIX BUPYCHbIX uHdekumin B 2011-2022 ropax B Mockse. )KypHan mukpobuosnoauu, snudemuonoauu u
ummyHobuonoeuu. 2023;100(5):328-337.
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Introduction veillance on Consumer Rights Protection and Human

Acute respiratory viral infections (ARVI) ac-
count for about 90% of reported infections annually.
In the world, according to the World Health Organiza-
tion, 2-5 million cases of ARVI are registered annually
with fatal outcomes ranging from 290,000 to 650,000
[1]. In Russia, according to Federal Service for Sur-

Wellbeing, 27.3-41.2 million cases are detected annu-
ally [2, 3]. At the same time, 99% of ARVI are diag-
nosed in children under 5 years of age, mainly in de-
veloping countries [4]. Influenza predominates among
acute respiratory infections: 5-20% in adults and
20-30% in children [5]. Respiratory viruses (RV) en-
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ter the respiratory tract by airborne droplets, replicate
in epithelial cells, and infect other organs and tissues,
causing fever, headache, runny nose, sore throat, and
cough. Besides fever forms of ARVI, complications
in the form of encephalitis, paralysis, and death have
been described [6]. The peculiarities of the course of
ARVI and possible complications are determined by
the properties of the RV (reproductive activity, viru-
lence, pathogenicity), innate nonspecific resistance
and specific immunity of the host [7, 8]. Frequent
acute respiratory infections may suggest disorders of
innate resistance and specific immunity.

Since the symptoms of ARVI are similar, detec-
tion of RV by by reverse transcription with subsequent
polymerase chain reaction with fluorescent hydrolysis
probes detection in real time (RT>-PCR) is the most
specific, sensitive, and widely used method along with
multiplex immunofluorescence analysis and isolation
of infectious strains in permissive cell cultures [4].
However, the phenogenetic variability of viruses due
to spontaneous mutagenesis, genetic rearrangements of
viral quasispecies of RNA viruses, reassortment of seg-
mented genomes, and the absence of viral and cellular
RNA repair systems hampers the development of diag-
nostic systems and is the cause of false-negative results
and unidentified etiologic agents of ARVI.

Currently, more than 200 species of viruses caus-
ing respiratory diseases are known, with the total num-
ber reaching 300, taking into account different sero-
types [9]. Of these, 8 families of viruses are the most

widespread:

* DNA viruses Adenoviridae (over 50 types of
adenoviruses), Parvoviridae — bocavirus (2
types);

* RNA viruses Ortomyxoviridae — Influenza

virus (types A, B, C), Paramixoviridae —
parainfluenza virus (type 4);

* metapneumovirus (types A, B);

* Pneumoviridae — respiratory syncytial virus
(type 2);

» Coronaviridae — coronaviruses (5 types);

* Picornoviridae — rhinoviruses (over 100 types),

* enteroviruses (over 90 types);

* Reoviridae — reovirus [6, 10].

An increase in the proportion of mixed viral and
viral-bacterial associations was noted. The relative fre-
quencies of detection of ARVI pathogens vary depend-
ing on geographic localization, age of patients, methods
of clinical specimen collection, duration of investiga-
tion and methods of pathogen identification [10].

During the COVID-19 pandemic, quarantine
measures, social distancing and widespread use of face
masks limited the spread of all respiratory infections.
There was a decrease in the proportion of samples pos-
itive in RT>-PCR for respiratory infections from 49.8%
(2018-2019) to 39% (2019-2020) and then to 13.4%
(2020-2021) [11].

ORIGINAL RESEARCHES

The objective of this work was to study the caus-
ative agents of ARVI in Moscow during 2011-2022 by
the RT>-PCR.

Materials and methods

Nasopharyngeal swabs from 3908 patients which
were collected no later than in 7 days postinfection
from the onset of ARVI in the period from 2011 to 2022
were kindly provided by the head of the infectious dis-
eases department, Prof. L.V. Kolobukhina (Clinical Hos-
pital of Infectious Diseases No. 1, Moscow) and Dr. M..S.
Savenkova (Morozov Children's City Clinical Hospital
and Pirogov Russian National Research Medical Univer-
sity, Moscow) with the patients' informed consent. Ethi-
cal approval from the Ethics Committee of the National
Research Center of Epidemiology and Microbiology
of N.F. Gamaleya of the Russian Ministry of Health,
Moscow, Russia was taken before starting the research
(Approval Code # 18 2022-02-21).

RV were identified by RT?-PCR using test systems
approved by the Federal Service for Surveillance in
Healthcare of Russia. Total nucleic acids were isolated
by lysis of clinical samples in guanidinium isothiocya-
nate (GITC) solution followed by alcohol precipitation
using the reagent kit "PREP-NA" ("DNA-Technol-
ogy"). For reverse transcription with a random hexa-
meric oligodeoxyribonucleotides, the reagent kit "Re-
verta-L" ("AmpliSens") was used. RNA of respirato-
ry syncytial virus (hRSv), metapneumovirus (hMpv),
parainfluenza viruses of types 1, 2, 3 and 4 (hPiv),
coronaviruses (hCov), human rhinoviruses (hRv), DNA
of adenoviruses of groups B, C and E (hAdv), human
bocavirus (hBov) were detected using "AmpliSens
ARVI-screen-FL" kit; RNA of influenza viruses A and B
(Central Research Institute of Epidemiology) — "Am-
plisens Influenza virus A/B-FL" kit; RNA of SARS-
CoV-2 coronavirus — "RealBest RNA SARS-CoV-2"
kit ("VectorBest") on DT-32 and DT-lite thermocyclers
with fluorescence detection in real time ("DNA-Tech-
nology"). In case of simultaneous detection of genome
fragments of more than one RV in a nasopharyngeal
swab, viral infections were considered as co-infections
(mixed).

In total, 3908 nasopharyngeal swabs (1 from each
patient) collected in Moscow were analyzed. SARS-
CoV-2 RNA detection was performed only in 2022 due
to the isolation of COVID-19 patients from ARVI pa-
tients in hospitals in 2020-2021 and the need for an ad-
ditional sanitary and epidemiologic permission for the
research.

Statistical analysis of RV distribution was per-
formed using the software "Microsoft Excel". Differ-
ences were considered significant at p < 0.05 [12].

Results

To analyze the distribution of ARVI etiological
agents, 3908 patients were examined in Moscow in the
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Table 1. Monitoring of ARVI pathogens in Moscow in 2011-2022 by RT%-PCR, frequency of occurrence, % of total number of

samples
Year
Virus

201 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Amount of studied samples 478 437 369 383 376 339 405 215 240 310 113 243
hRSv 111 20,4 19,2 141 4,5 24.8 10,4 29 3,2 12,7 0,0 0,0
hMpv 13,4 3,2 7,0 55 1,6 1,8 3,7 6,6 6,6 5,2 4,4 0,0
hPiv 3,8 5,0 3,8 6,0 13,6 1,5 7,9 6,0 6,7 1,3 6,2 2,7
hCov 4,0 2,5 6,5 9,9 1,3 1,2 3,0 1,9 3,9 3,6 19,5 0,0
hRV 14,9 21,3 18,4 13,6 2,1 11,5 12,3 7,9 8,8 15,2 71 0,0
hAdv 13,4 1,1 6,0 8,6 25,0 2,9 4,4 10,3 8,3 6,5 53 5,9
hBov 29 21 4,6 4,7 0,8 11,2 6,2 2,3 2,6 10,7 0,9 0,0
INF-A 19,2 34,3 10,0 14,9 21,3 20,4 15,3 17,3 19,0 12,7 1,8 1,2
INF-B 1,7 0,5 41 1,0 2,1 8,3 4.4 0,8 1,2 3,2 0,0 1,2
Mix 12,1 7,8 17,3 19,3 25,5 15,3 26,7 29,9 33,4 241 31,0 28,8
N/I 3,6 1,8 3,0 2,3 2,1 1,2 57 141 6,3 4,8 23,8 28,5

Note. Mix — mixed infections; N/l — not identified samples.

period from 2011 to 2022. The frequency of detection
of respiratory syncytial virus, metapneumovirus, para-
influenza viruses, seasonal coronaviruses, rhinoviruses,
adenoviruses, bocavirus, influenza A and B viruses,
co-infections with the detection of at least 2 RV in a
sample and unidentified samples in 2011-2022 are pre-
sented in Table 1.

The relative frequencies of each respiratory vi-
rus varied over the 12 years of observation. Before the
COVID-19 pandemic in 2011-2020, three respiratory
viruses (INF-A, hRSv, and hRv) predominated, then
their relative frequencies decreased significantly. De-
spite mass immunization against influenza with triva-
lent and quadrivalent vaccines containing IFN-A and
IFN-B antigens in Moscow since 2017, the detection
rate of the influenza A virus in nasopharyngeal swabs
of ARVI patients remained high until 2020. A signi-
ficant decrease in the portion of influenza A virus was
observed only in 2021-2022, which could probably be
due to both quarantine measures and mask regime, and
the coverage of more than half of the Russian popula-
tion with vaccination against influenza [5]. Noteworthy
the non-synchronous and not unidirectional changes in
the percentages of influenza A and B viruses. INF-B de-
tection frequencies remained in the range from 0.5% to
4.4% throughout the entire observation period with the
only exception with growth of the influenza B virus rate
up to 8.3% in 2016.

A high incidence of SARS-CoV-2 (31.7%) was
registered in 2022, despite nonspecific and specific pro-
phylaxis, as well as sanitary and educational work. The
use of vector vaccines against COVID-19, in particular,
the "Sputnik-V" vaccine based on AdS and Ad26 adeno-
viruses, did not lead to a significant decrease in the per-
centage of adenoviruses in the total etiologic structure

of ARVI morbidity in Moscow (Table 1). In the absence
of vaccines against most ARVI, the relative portions of
the other studied RV remained minor. The maximum
frequency of hMpv (13.4%) was registered in 2011 and
in subsequent years did not exceed 7%. There was an
increase in the frequency of mixed infections, which
could be due to both disorders of innate and adaptive
immunity among patients with ARVI and independent
spread and increased reproduction of viruses.

In recent years, the relative rate of unidentified
samples among ARVI patients with clinical symptoms
has increased to 28.5% (Table 1), indicating an incom-
plete correspondence between licensed diagnostic test
systems and circulating respiratory pathogens, the ge-
netic diversity of strains of known viruses, and the pos-
sible emergence of new pathogens.

Analysis of the dynamics of the spread of ARVI
etiological agents showed high correlation coefficients
() between hRSv and hRv (» = 0.77), hRSv and hBov
(r=0.66); hRSv and INF-B (= 0.64); hRSv and INF-A
(r = 0.52); hBov and INF-B (» = 0.79), suggesting the
existence of the first group of RV (Table 2; Figure, a).
The second group of RV with similar distribution dy-
namics included hPiv and hAdv with » = 0.70 (Table 2;
Figure, b).

Based on the correlation analysis of the dyna-
mics of distribution (Table 2), 4 groups of RV were
identified (Figure). Unidirectional changes were de-
tected for 5 RV, including respiratory syncytial vi-
rus, human rhinoviruses, human bocavirus, influenza
A and B viruses. Maximum values of detection fre-
quencies of hRSv and human hRv were registered in
2012, 2016 and 2020, which suggests cyclic changes
with rises every 4 years. For INF-A, high frequencies
were found in 2012, 2015-2016 and 2019. This group
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Dynamics of the spread of respiratory viruses in 2011-2022.

is distinguished by similar but not identical dynamics
for another group consisting of hAdv and hPiv, with a
maximum in 2015 (Figure, b). For seasonal coronavi-
ruses, low forward and inverse correlation coefficients
(Table 2) indicated independent distribution with two
peaks in 2014 and 2021 (Figure, c¢). The hMpv detec-
tion frequencies were also inconsistent with the other

groups with a peak in 2011 and subsequent fluctua-
tions at a relatively low level (Figure, d).

A comparative analysis of the annual mean val-
ues of RV frequencies in 5 Russian cities (Moscow,
Yekaterinburg, Kazan, Rostov-on-Don, St. Petersburg)
in 2014-2018, in Moscow during the years 2011-2022,
and in the world (Table 3) showed the prevalence of
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Table 2. Correlation coefficients of the dynamics of RV frequencies

Virus hRSv hMpv hPiv hCov hRv hAdv hBov INF-A INF-B

hRSv 1,00 0,05 -0,41 -0,20 0,77 -0,40 0,66 0,52 0,64
hMpv 0,05 1,00 -0,15 0,19 0,45 0,14 -0,01 0,11 -0,20
hPiv —-0,41 -0,15 1,00 0,05 -0,38 0,70 -0,52 0,21 -0,31
hCov -0,20 0,19 0,05 1,00 0,07 -0,16 -0,17 -0,45 -0,35
hRv 0,77 0,45 -0,38 0,07 1,00 -0,47 0,43 0,49 0,17
hAdv -0,40 0,14 0,70 -0,16 -0,47 1,00 -0,36 0,09 -0,20
hBov 0,66 -0,01 -0,52 -0,17 0,43 -0,36 1,00 0,12 0,79
INF-A 0,52 0,11 0,21 -0,45 0,49 0,09 0,12 1,00 0,09
INF-B 0,64 -0,20 -0,31 -0,35 0,17 -0,20 0,79 0,09 1,00

Note. Values corresponding to high correlation coefficients (r = 0.43) are in italic; data corresponding to correlation coefficients r= 0 are

in bold.

3 types of RV: INF-A, hRv, and hRSv. The dominance
of RV in the world did not depend on specific prophy-
laxis, since the existing vaccines against influenza in-
clude INF-A and INF-B strains, vaccines against oth-
er acute respiratory viral infections are at the stage of
clinical trials and are not used for mass immunization.
Minimal average annual frequencies were detected for
hMPYV both in the world and in most regions of Rus-
sia, with the exception of Saint Petersburg (Table 3). At
the same time, the portion of h(MPV in Saint Petersburg
(3.0%) was comparable to other regions of Russia. Hu-
man bocavirus was also rarely detected in most Russian
cities, but global trends are not known [4].

RT?-PCR provides quantitative estimates of ge-
nome-equivalents in the reaction mixture. However,
clinical samples of nasopharyngeal swabs are not stan-
dardized, that excludes the possibility of calculation the
number of virions per unit of volume or per host cell.
Low viral loads were a peculiarity of the results of RT?-
PCR of nasopharyngeal swabs of patients with ARVI.

Discussion

ARVl are dangerous due to their ubiquitous spread,
year-round circulation, high contagiousness and risk of
complications, including pneumonia, acute respiratory
failure, infectious toxic shock, meningitis, encephalitis,
paralysis, acute distress syndrome, as well as associat-
ed chronic diseases — bronchial asthma, chronic ob-
structive pulmonary disease, liver, kidney, cardiovascu-
lar diseases, leading to fatal outcomes [9]. Therefore,
monitoring the distribution of etiologic agents of acute
respiratory infections is necessary to improve diagnos-
tic systems, to control their compliance with modern
RV, to assess the risks of infection of the population
in different regions and socio-demographic groups, the
need to develop vaccines and their economically justi-
fied large-scale application.

The comparative analysis of RV distribution in
Moscow showed periodic variations with preservation
of dominance of three types: INF-A, hRSv and hRyv,
which corresponded to the spectra of etiological agents

Table 3. Comparison of annual mean frequencies of viral infections in Russia and in the world, %

Russia

Virus Moscow Ekaterinburg Kazan Rostov-on-Don St. Petersburg World
2011-2022 | 2014-2018 [13] (13] (13] (13] [13] l

hRSv 10,3 4,6 1,9 16,0 10,1 13,4 26,0
hMpv 4,9 04 3,3 1,3 3,2 3,0 3,0
hPiv 5,4 25,5 71 57 8,5 5,3 8,0
hCov 4,8 0,5 3,9 1,8 2,6 1,4 -

hRv 1,1 2,4 24,6 26,0 19,6 15,4 35,0
hAdv 8,2 6,8 4.1 57 18,2 6,7 4,0
hBov 4.1 0,1 1,6 4,2 3,9 2,5 -

INF-A 15,6 49,5 38,9 25,8 25,8 324 10,0
INF-B 2,4 10,1 4,6 13,5 8,1 20,0 5,0

Note. Cells corresponding to the dominant RV species are marked with bold font.
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of ARVI in 5 cities of Russia [13, 14] and all over the
world [4] (Table 3), due to globalization and determined
the necessity of common measures of prevention, di-
agnostics and treatment. Analysis of the dynamics of
RV distribution in Central Europe during 10 years also
shows that influenza viruses were detected in almost
half of the samples regardless of influenza immuniza-
tion and quarantine restrictions during the COVID-19
pandemic [15]. Despite reports of an increase in the
percentage of influenza B virus in 2019-2022 in Russia
and in other countries [5, 16], the results of RV moni-
toring in Moscow (Table 1) showed no changes in the
dominance structure. During the period of a significant
decrease in the frequency of INF-A in recent years, no
increase in the proportion of INF-B was found. One
of the possible reasons is the coverage of the Moscow
population with immunization against influenza. In
Russia, the decree of the Chief State Sanitary Doctor
for the 2020-2021 season sets the goal of influenza vac-
cination coverage of at least 60% of the population and
75% of citizens in risk groups [17]. Starting in 2017,
Russia vaccinated more than 40% of the population
annually, in 2019 — 50.5% of the population [5], in
2020 there was a decrease to 41.2%, with only 6.9% of
children with laboratory-confirmed influenza needing
hospital treatment [17]. In 2020, immunization with the
Russian seasonal trivalent inactivated vaccine showed
a decrease in antibody levels to all vaccine components
2.6-3.5 times below the protective level (titer in hem-
agglutination inhibition reaction < 1/40) in 6—7 months
after vaccination, indicating instability of vaccine-in-
duced humoral immunity against INF-A and INF-B
viruses; dependence on the age of vaccinated persons
(children 3—14 years old had a more active response
compared to older persons, despite the immaturity of
the immune system of children); insufficient immuno-
genicity of vaccine components of influenza B viruses,
which led to an increase in the incidence of influenza B
virus among etiological agents of ARVI (Table 1) and
an increase in the incidence of influenza B, as well as
an inverse correlation between the level of pre-exist-
ing antibodies to influenza viruses and the secretion
of antibodies to new vaccine strains, which is due to
the known effect of "original antigenic sin" [18]. One
should note that the growth of influenza incidence to
the maximum value in 2021 (in Russia— 14.96 per 100
thousand of the population; in Moscow — 65.99 per
100 thousand of the population) during the COVID-19
pandemic with the immune layer of more than 60% with
the dominance of antibodies against the influenza B vi-
rus. The persistence of influenza A virus in the aquatic
environment, among aquatic and near-water mammals
and birds, determines the risks of the emergence of new
mutant variants that escape from host immune system
[19].

Monitoring of RV distribution in Japan showed
periodic changes in hRSv frequencies with a temporary
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decrease during the COVID-19 pandemic similar to our
observations and high frequencies of hRV occurrence
[20]. RT*-PCR screening in 26 regions of Russia in 2020
showed a maximal rhinovirus detection rate of 7.32%
both in the interepidemic period and at the beginning
of the epidemic season [21, 22], which corresponded
to a significant portion of rhinoviruses in the etiologic
structure of ARVI in Moscow in 2020 (Table 1). The
proportion of individuals seropositive to rhinovirus at
the beginning of 2022 was 77.8% [16], which could be
due to high frequencies of human rhinovirus spread in
the previous 2 years (Table 3). In Saint Petersburg, a
seasonal cyclicity of circulation was revealed for the
prevalent hRSv and hRV species [14]. The observed
differences in frequencies are probably determined by
the limited sample size, geographical and socio-demo-
graphic differences, and are a consequence of the lack
of standardization of nasopharyngeal swab collection
methods, instability of viral genomic RNA during stor-
age, and rapid evolutionary variability of RV. Current-
ly, additional methods of multiplex analysis are being
developed for RV monitoring with high sensitivity and
specificity based on microfluidic technologies, biosen-
sors, liquid chromatography with mass spectrometry,
etc. [23]. In addition to traditional laboratory methods,
it has been proposed to use Internet-of-Things computer
technologies, which, by analyzing large amounts of data
on human behavior and the environment using mathe-
matical and statistical models, increase the probability of
detecting epidemic outbreaks at early stages [23].

Parainfluenza viruses in 2020 in Russia occurred
with similar frequencies both in the interepidemic pe-
riod (1.09%) and at the beginning of the epidemic sea-
son (1.05%). The prevalence of other etiological agents
of ARVI and influenza A and B viruses did not exceed
1% on average in Russia [21]. In 2021-2022, the prev-
alence of SARS-CoV-2 was 15%, of human coronavi-
ruses — 12%, the prevalence of other RV — from 0.05
to 9% [22].

In 2020-2021, with low activity of influenza vi-
ruses, the etiological role of bocavirus and metapneu-
movirus was found to increase, while the frequency of
isolation of parainfluenza viruses, adenoviruses, rhino-
viruses and respiratory syncytial virus decreased [24].
Our data (Fig. 1) also show a significant increase in the
frequency of bocavirus to 10.7% in 2020. For metap-
neumovirus, a peak in prevalence was recorded in the
previous 2018-2019, followed by a gradual decline
(Fig. 1). Detection frequencies of hAdv depended on
the sample studied, as adenovirus infection was preva-
lent in organized collectives [14].

Despite all non-specific and specific COVID-19
prevention measures in 2020-2022, the part of samples
containing SARS-CoV-2 was 31.7% in 2022 (Table 1).
However, seasonal coronaviruses were not detected
in the absence of other RV, although the portion was
19.5% in 2021. Possible reasons were the phenogeno-
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typic variability of the RNA-containing coronaviruses
of the four genera: Alphacoronavirus, Betacoronavi-
rus, Gammacoronavirus and Deltacoronavirus, among
which a-coronaviruses HCoV-229E and HCoV-NL63,
B-coronaviruses HCoV-OC43, HCoV-HKU!1 are de-
tected in humans with signs of acute respiratory in-
fections, escape mutant virus variants from the host
immune response and persistence of viruses in the en-
vironment, among wild reservoir hosts, domestic and
farm animals. The natural reservoirs of Alphacoronavi-
rus and Betacoronavirus are rats, birds, mammals and
fish. Persistent infection with fecal excretion of viruses
has been detected in poultry and pigs [19]. In addition
to the widespread occurrence of coronaviruses in hu-
mans worldwide, as confirmed by retrospective sero-
logic analysis, they are common in bats: the level of ho-
mology of amino acid sequences of SARS-CoV-2 and
RaTG13 (coronavirus from bats and reptiles) is 97%
[25]. Stabilty of parasitary systems is known to be sup-
ported by the diversity of reservoir hosts, differences in
their population dynamics [26] and the persistence of vi-
able viruses in the environment. To assess epidemiologic
risks, RV monitoring by RT?-PCR with high sensitivity
and specificity not only in clinical samples but also in
aerosols is proposed [27].

The specific immune response induced by vac-
cines leads to selection of new variants of viral quasi-
species of RNA-containing viruses resistant to neutral-
ization by specific antibodies and causes acceleration of
molecular evolution of viruses.

In the absence of vaccine prophylaxis against
most minor ARVI, their relative portions remain stably
low (Table 3), and new dangerous virus variants have
no selective advantage. Prolonged co-evolution of hu-
mans and most RV has led to weakening of pathogenic
properties, reduction of viral loads and host survival for
successful virus reproduction and spread.

During 12 years of observation, an increase of un-
identified clinical specimens from patients with symp-
toms of acute respiratory infections from 1.2% to 28.5%
was noted, which could be due to bacterial respiratory
infections with similar symptoms and/or sequence mis-
matches between primers and probes used in RT?-PCR
and genomes of current RV. High frequencies of mixed
infections in the range of 7.8-33.4% may be a conse-
quence of the lack of virus interference during repro-
duction in human cells, independent reproduction of RV
and/or immunodeficiencies in the Moscow population.
Correlation analysis of the dynamics of RV spread
(Table 3) showed significant interdependence for 5 out
of 9 studied etiological agents of ARVI, including all 3
dominant species — INF-A, hRSv and hRv, as well as
INF-B and hBov (Figure a). Predominant coinfection
with rhinoviruses and bocavirus with high correlation
coefficients have also been reported in long-term mon-
itoring in Central Europe [15]. The second group inclu-
ded hAdv and hPiv (» = 0.7) with a peak in 2015 (Figu-

re b). There was no significant correlation between the
distribution dynamics of seasonal coronaviruses (Ta-
ble 2; Fig. ¢) and metapneumovirus (Fig. d) and other
RV analyzed. Further monitoring is needed to analyze
the correlation of the distribution dynamics of seasonal
hCov (Figure, ¢), SARS-CoV-2, and other RV [20]. The
cyclical ups and downs in the ffrequencies of RV detec-
tion may be due to regular changes in herd immunity
associated with varying frequencies of acute respiratory
infections.

The observed frequencies of mixed infections with
2 and 3 RV were higher than theoretically expected val-
ues under the assumption of independent distribution
of pathogens, indicating the absence of interference be-
tween most RV, possibly due to defects in the interferon
system in etiological agents of ARVI.

One should note the part of individuals infected
with viruses without symptoms of acute respiratory
infections is 0.25-6.09% of the population. Asympto-
matic virus carriers are involved in RV circulation and
increased incidence [22, 27].

Conclusion

During 2011-2022 in Moscow the etiologic struc-
ture of ARVI was rearranged with 3 dominant species
remaining: influenza A virus, respiratory syncytial vi-
rus, and human rhinoviruses. During the period of re-
strictive measures of nonspecific prophylaxis and mass
immunization against COVID-19, the portion of sea-
sonal coronaviruses increased significantly, possibly
due to a-coronaviruses.
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ckasi obpaboTka, oopmneHne puUCyHKOB M Tabnuy, obcyxaeHue,
HanucaHue TekcTa n odopmneHne ctatel; Yeprbiwosa A.U., Npum-
yuHa T.H. — npoBegeHne akcnepuMeHToB; Mcaesa E.N. — obcyx-
AeHune aKCnepuMeHTanbHbIX AaHHbIX; Mopo3osa O.B. — aHanus nu-
TepaTtypbl U 3KCNEPUMEHTanNbHbIX AaHHBIX, 006CyXaeHne, HanncaHme
TekcTa n odopmIieHve ctatbi. Bee aBTopbl NoaTBEPXKAAIOT COOTBET-
cTBMe cBoero aBTopcTea kputepusim ICMJE, BHeCnN CyLLeCTBEHHbIN
BKNaj B NPOBeAEeHNe NOMCKOBO-aHanUTUYeckon paboTbl M MOAroTOB-
Ky CTaTbW, MPOYnu 1 ogobpunu mnHanbHy Bepcuio 4o nybnukaumm.
Cratbsi nocTynuna B peaakuuto 29.06.2023;

npuHsTa k nyénukauum 03.08.2023;

ony6nukoBaHa 28.10.2023
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