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Abstract

Introduction. Enteroviruses (EV) are characterized by: species and type diversity, polymorphism of clinical
manifestations, a tendency to epidemic spread, and are often the cause of disease outbreaks, which determines
the relevance of monitoring EV strains in various clinical forms of infection, including in conditions of anti-epidemic
measures.

The aim of the study: to characterize the prevalence and diversity of non-polio enteroviruses (NPEV) types in
children with acute intestinal infection (All) in the period 2018-2023, including the COVID-19 pandemic.
Materials and methods. The RT-PCR method was used to study 7302 samples of feces from children hospitalized
with a diagnosis of All in the infectious diseases hospital of Nizhny Novgorod. Genotyping of EV strains was
carried out using fragment Sanger sequencing of the genome region encoding capsid protein 1 (VP1) and the
online resource BLAST.

Results. EVs were found in 5.0 + 0.3% (1.7-7.8%), both in mono- and mixed infections with other enteric viruses.
The long-term dynamics of the frequency of EV detection and the incidence of EV infection in children in the
Nizhny Novgorod region was characterized by a sharp decrease in indicators in 2020 against the backdrop of
the introduction of anti-epidemic measures. When genotyping 299 strains, 41 types of NPEV of 4 species were
identified. The spectrum included the main pathogens of exanthema and neuroinfections and rare types found in
“minor” or intestinal forms of infection. During the study period, a redistribution of NPEV species was established.
Before the pandemic, the ratio of Enterovirus A : Enterovirus B : Enterovirus C species was as follows —
41.0:46.7 : 12.3%; during the 2020 pandemic season the ratio was 0.0 : 37.5 : 62.5%; after the lifting of restrictive
measures — 47 : 29 : 23%, which may be due to the different effectiveness of the restrictive measures on the
mechanisms of transmission of EVs of different types.

Conclusion. The genetic diversity of NPEVs detected in children with All complements information on the typical
composition of the territorial enterovirus population. In children with All, when the airborne transmission of SARS-
CoV-2 was blocked, there was a decrease in the frequency of detection of viruses of the Enterovirus B type, the
absence of detection of Enterovirus A and the constant presence of Enterovirus C.
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O6HapyxeHune n TMNoBana NAeHTUPMKaLNA HENONNOMMNENINTHDbIX
DHTEpPOBMPYCOB Yy fieTell Ha POHe OCTPbIX KNLLEeYHbIX UHpeKLnin
pasnuyHon sTnonorun: 2018-2023 rr.

CenusaHoBa C.I*, 3BepeB B.B., MoHomapesa H.B., JleoHoB A.B., KawHukos A.l10.,
EnundaHosa H.B., MonaHuHa A.B., HoBukosa H.A.

Huxeropogckuin HayuyHo-MCCefoBaTeNIbCKU MHCTUTYT SMUAEMMUOSIOTN 1 MUKPOOMONOrnm
UmeHn akagemuka W.H. bnoxuHoi PocnoTpebHag3opa, HuxHuin HoBropog, Poccusa

AHHOMauyusi

BBepneHue. OHTepoBupychl (OB) xapakTepu3yroTcsl BUAOBBIM M TUMOBBLIM pasHooGpasveM, nonMMmopgruaMom
KIMHUYECKMX MPOSABIIEHWUIA, CKIMIOHHOCTBIO K 3NUAEMUYECKOMY pPacrnpOCTPaHEHUIO, YacTo SBMSKTCS MPUYUHON
BCMbllWek 3aboneBaHnin, YTO onpeaensieT akTyanbHOCTb MOHUTOPUHIA LWTaMMoB OB npu pasHbIX KNMHUYECKUX
dopmax MHGEKLMM, B TOM YMCIE B YCIOBUSX NPOBEAEHNSI NPOTUBOINUAEMUYECKUX MEPOMPUATUIA.

Llenb uccnenoBaHna — xapakTepucTuKka pacnpocTpaHEHHOCTU 1 TUMOBOIO pa3HOO6pa3ust HEMONMOMUENUTHBIX
OB (HM3B) y geteit ¢ octpoin knweyHon nHdekumen (OK) B nepuog 2018—-2023 rr., BKNOYAKOLWNA NaHAEMUIO
COVID-19.

Matepunanbl n metogbl. Metogom OT-MNUP nccnegosaHo 7302 obpasua dekanuin geten, rocnutannanpoBan-
HbIX ¢ gnarHo3om OKW B MHEKUMOHHBIN cTaumoHap HmxkHero Hoeropoga. NeHoTunnpoBaHue wrammoB 3B npo-
BOAMINY METOAOM hparMeHTHOro cekBeHnpoBaHus no CaHrepy obnacTtu reHoma, koampyoLlen kancuaHsii 6enok
1 (VP1), n oHnaiiH-pecypca BLAST.

PesynbraTbl. OB o6HapyxeHbl B 5,0 + 0,3% (1,7—7,8%) cny4aeB kak B MOHOMHMDEKLMN, TaK U B COYETAHUN C BU-
pycamu KuwieyHow rpynnbl. MHoronetTHasa agnHaMmuka 4actoTel 0bHapyxeHus OB u 3aboneBaemoctn 3B-nHdek-
umen geten B Huxeropoackon obnactu xapaktepusoBanach pe3kumMm cHukeHneM nokasateneli B 2020 r. Ha doHe
BBEAEHWSA NPOTMBO3NUAEMUYECKNX MeponpusaTuid. MNpu reHoTunupoBaHu 299 WwtammoB naeHTnduumMposaH 41
Tvn HM3B 4 Bugos. CrnekTp BKOYan OCHOBHbIX BO30yAuTENemn ak3aHTEMHbIX M HEMPOUHMEKLNIA 1 pegKve TUMbI,
BCTpeYaloLmecs npyu «Manon» Unu kuweyHown dopmax nHdekumm. B nsyyaemoli nepmoq yctaHoOBEHO nepe-
pacnpepenexve sugos HIMN3B. [Jo naHaeMumn cooTHoLeHWe BUaoB Enterovirus A : Enterovirus B : Enterovirus C
6bino cnegytowmm — 41,0 : 46,7 : 12,3%; B ce3oH naHaemumn 2020 r. — 0,0 : 37,5 : 62,5%; nocne cHATUA orpa-
HUYUTENBHBLIX Mep — 47 : 29 : 23%, 4To MOXET BbITb CBA3aHO C pasnuyHon 3hPEKTUBHOCTbLIO BIMSHUSA OrpaHn-
YNTEMbHBLIX MEPOMPUSATUIA HA MexaHU3Mbl Nepefayn 3B pasHbIx BUOOB.

3akntoueHue. leHeTnyeckoe pasHoobpasue HIMOB, BrisBnaemsix y aetert ¢ OKW, pononHset nHpopmavmio o tu-
NoBOM cocTaBe TepputopuansHon 3B-nonynsumu. Y geteii ¢ OKU B ycnosusix 6riokMpoBkM acnnpaumoHHOro me-
xaHu3ma nepegaum SARS-CoV-2 Habnoganock CHWXKEHMEe YacToThl OOHapyXxeHnss BUpYcoB Buaa Enterovirus B,
OTCYTCTBMWE BbISBNEHUA Enterovirus A n noctosiHHoe npucyTtcTeue Enterovirus C.

KnioueBble crioBa: HenoIuoMueumHble 3HMeposUPyChl, 2eHOMUNUPO8aHUe, 0CMpasi KULWeYHasi UHGeKyUsi

Amu4yeckoe ymeepxdeHue. NpoTokon nccrnepoBaHus ogobpeH Komutetom no atvke npu HupkeropodckoMm Hayuy-
HO-UCCneaoBaTenbCkoOM MHCTUTYTE uM. akagemuka U.H. bnioxmHon (npotokon Ne 5 ot 24.03.2020). Y Bcex naumneHToB,
BKITIO4EHHBIX B UCCrefoBaHWe, Ui UX 3aKOHHbIX NpeacTaBuTenei 6bino nonyvyeHo 4obpoBonbHoe MHPOPMUPOBaHHOE
cornacue Ha UCnonb3oBaHve AaHHbIX NabopaTopHbIX aHanM3oB B HayYHbIX LiEnsix.

Enaro.qapuocn;. ABTOpI:I BblpaXatoT NpU3HaTeNIbHOCTb J1.H. NonuupbiHoM 3a KOHCYNbTaTUBHYH NMOMOLLb NpU Hanuca-
HWUN CTaTbu.

UcmoyHuk puHaHcupoeaHusi. ABTOPbI 3a8BNSIIOT 06 OTCYTCTBUM BHELUHEro (PUHAHCUPOBAHWS NPU NPOBEAEHUU UC-
crepoBaHus.

KoHdpbnnukm unmepecoe. ABTOpbI AeKNapupyoT OTCYTCTBUE SIBHBIX U NOTEHUMANbHbLIX KOH(IMKTOB MHTEPECOB, CBSi-
3aHHbIX C NyOnukaumnen HacTosiLLEeN cTaTb.

HAns yumupoeaHusi: CenuaHoBa C.I., 3sepeB B.B., MoHomapesa H.B., JleoHoB A.B., KawHukos A.1O., EnudaHo-
Ba H.B., MNonsaxunHa A.B., Hosukosa H.A. OBHapyxeHne 1 Tunosast UAeHTUMMKaLUS HEMONMMOMUENUTHBIX 3HTEPOBUPY-
COB y AeTel Ha oHe OCTPbIX KULLIEYHbIX MHpeKumin pasnuyHon atnonorun: 2018-2023 rr. )XKypHan mukpobuonoauu,
snudemuomnoauu u ummyHobuonozuu. 2024;101(3):351-361.

DOI: https://doi.org/10.36233/0372-9311-513

EDN: https://www.elibrary.ru/izgdty

© CenuBaHoBa C.I", 3sepeB B.B., lMoHomapeBa H.B., lleoHoB A.B., KawHukoB A.1O., Enucarosa H.B., MonsHuHa A.B., HoBukosa H.A., 2024



*KYPHAJ1 MUKPOBNONOTUW, SNMUAEMMNONOTUN N UMMYHOBWUOJTOTUN. 2024; 101(3)

DOI: https://doi.org/10.36233/0372-9311-513

353

OPUTVHANbBbHbBIE NCCITIEAOBAHNA

Introduction

Enteroviruses (Picornavirales: Picornaviridae:
Enterovirus; EVs) are small in size (30 nm diameter),
non-enveloped, icosahedral (pseudo T = 3) capsid (+)
RNA-containing viruses. An important role in human
infectious pathology is played by non-polio EVs (NPE-
Vs), represented by more than 100 types belonging to
4 species: Enterovirus A, Enterovirus B, Enterovirus C,
Enterovirus D'. In most cases, infection with NPEV is
asymptomatic, but these viral agents can also be associa-
ted with central nervous system damage, myocarditis,
neonatal sepsis, and other serious diseases [1-4]. It is
important to note that NPEVs of different species and
types can cause the same clinical syndromes, and the
intestinal form of EV infection (EVI) can accompany
infection with any type of EV [5].

EVs play an important role in the epidemic up-
surges and outbreaks that have been reported in ma-
ny countries. For example, a large-scale outbreak of
EV-D68-respiratory disease with neurologic syndrome
was recorded in 2014 in the United States and Europe
[6, 7]; furthermore, periodic outbreaks of oral and ex-
tremity exanthema (EB-A71 infection) in the Asia-Pa-
cific region [8] and serous meningitis (EVM) in Europe,
the United States and Russia (CMV3, ESNO30) are
also registered [9-11].

The diversity of clinical symptoms of varying se-
verity, the risk of emergence and wide spread of epi-
demic variants of the virus among the population de-
termine the relevance of worldwide studies aimed at
molecular genetic monitoring of circulating EV strains?
[12]. In Russia, monitoring the circulation of NPEV is
an integral part of epidemiologic surveillance of EVI?,
which allows predicting epidemic outbreaks and the
formation of foci of infection, and making timely ma-
nagement decisions.

Previously, we have shown the importance of ex-
amination of children with acute intestinal infection
(AIID) for molecular monitoring of EV circulation. An-
nual detection and a diverse type landscape of NPE-
Vs, including not only Enterovirus A and Enterovirus
B (pathogens of herpangina, exanthema, serous men-
ingitis, etc.), but also latently circulating Enterovirus
C NPEVs (mainly minor forms of infection, acute re-
spiratory viral infections, All), allow us to additionally
obtain data expanding information on the specifics of
circulation of EVs of different species [13, 14].

' Picornaviridae Home Page. URL: https:/picornaviridae.

com/ensavirinae/enterovirus/enterovirus.htm (date of access:
13.03.2024).

WHO. Enterovirus Surveillance Guidelines — guidelines for
enterovirus surveillance in support of the polio eradication.
Regional Office for Europe: World Health Organization. 2015.
URL: https://iris.who.int/handle/10665/344375 (date of access:
13.03.2024).

“Epidemiological surveillance and prevention of enterovirus
(nepolio) infection for 2023-2027” Program. URL: https://fcgie.
ru/page,3,koord_tsentr.html (date of access: 13.03.2024).

In 2019, a disease (COVID-19) caused by a no-
vel coronavirus (SARS-CoV-2) was reported in Wuhan,
China, which spread very rapidly around the world. In
March 2020, WHO declared a pandemic of the dis-
ease and the need to introduce anti-epidemic measures
aimed at reducing the activity of spread of the virus
transmitted by airborne and household contact’. The
widespread introduction of the emergency regime has
affected the incidence not only of COVID-19, but also
of other infectious diseases, mainly viral in nature. For
example, in Oslo (Norway) in 2020-2021, the number
of hospitalizations of children with acute bronchiolitis,
viral pneumonia, gastroenteritis and viral infections of
the central nervous system decreased by 90, 89, 74 and
78%, respectively, compared to previous years [15].
Japanese researchers reported that the number of pa-
tients with influenza, respiratory syncytial virus, human
metapneumovirus and Mycoplasma pneumoniae with
respiratory symptoms decreased dramatically by more
than 98% during the restrictive measures [16]. Other
studies have also reported a decrease in the incidence
of various infections of viral etiology in children during
the COVID-19 pandemic, including a decrease in the
detection rate of enteric viruses (rotaviruses by 87%
and noroviruses by 40%) [17].

In Russia during the year 2020, against the back-
ground of unprecedented anti-epidemic and preventive
measures aimed at combating the COVID-19 pandemic,
a significant decrease in the incidence of EVI/EVM was
observed. In 2021 and 2022, there was a gradual increase
in incidence and the rates returned to the average annual
level before the pandemic (2010-2019) [18].

The aim of this study is to characterize the prev-
alence and type diversity of NPEV in children with
All in the period of 2018-2023, which includes the
COVID-19 pandemic.

Materials and methods

In this study, 7302 fecal samples of children
aged 0—17 years hospitalized with a diagnosis of All
(A08.4 — viral intestinal infection unspecified, ICD-
10) in a pediatric infectious disease hospital in Nizhny
Novgorod in 2018-2023 were examined for the pres-
ence of EV and viruses — causative agents of acute
gastroenteritis (rotaviruses, noroviruses, adenoviruses,
astroviruses).

Voluntary informed consent was obtained from
all participants or their legal representatives. The study
protocol was approved by the local Ethical Committee
of the Academician I.N. Blokhina Nizhniy Novgorod
Scientific Research Institute of Epidemiology and Mi-
crobiology (protocol No. 5 of 24.03.2020).

4 WHO. Transmission of SARS-CoV-2: implications for infection
prevention precautions. URL: https://www.who.int/news-room/
commentaries/detail/transmission-of-sars-cov-2-implications-
for-infection-prevention-precautions (date of access: 13.03.2024).
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RNA of entero-, rota-, noro-, astroviruses and
DNA of adenoviruses from fecal samples were isolated
using the RIBO-prep reagent kit, for reverse transcrip-
tion we used the REVERTA-L kit (Central Research
Institute of Epidemiology). Detection of RNA of EV
and enteric viruses was performed using AmpliSens
Enterovirus-FL and AmpliSens Viro-Screen-FL test
systems (Central Research Institute of Epidemiology)
according to the manufacturer’s instructions.

Samples containing EV RNA were used to deter-
mine the virus type. For the same purpose, 123 EV-con-
taining fecal samples of children with AIl provided by
the CDC in the Nizhny Novgorod region in 2018-2023
were additionally investigated.

The EV type was determined by partial sequenc-
ing of the gene encoding capsid protein 1 (VP1). The
375 bp fragments of the EV genome were amplified
according to the recommendations [19]. The nucleo-
tide sequences of cDNA fragments were determined in
automatic analyzers GenomeLab™ GeXP (Beckman
Coulter) and Nanofor-05 (Institute of Analytical Instru-
mentation, Russian Academy of Sciences) using DTCS
Quick Start Kit (Beckman Coulter) and GenSek (Syn-
tol) reagent Kkits.

To identify closely related EV strains, the nucle-
otide sequences of VP1 gene fragments were analyzed
using the online resource BLAST®.

Statistical processing of the results was carried out
using the generally accepted method of calculating the
mean error (m) and Student’s mean and probability (7)
using an online calculator®.

The multi-year dynamics of the incidence of EVI
in children under the age of 17 in the Nizhny Novgorod
region was analyzed on the basis of official statistics
(Form No. 1 of statistical reporting “Information on
infectious and parasitic diseases”) for the years 2018—
2023.

Results

Detection of enteroviruses in children
with acute intestinal infection

A total of 7302 children hospitalized with a diag-
nosis of All in 2018-2023 were examined for the pres-
ence of EV RNA in feces. The detection of EVs was
performed as part of the etiologic interpretation of the
disease. Enteric viruses (rotaviruses, noroviruses, astro-
viruses, and group F adenoviruses) and EVs combined
were detected in 46.9% of cases (3424/7302), with EVs
detected both as mono-infection (2.7%; 195/7302) and
in combination with viruses that were pathogens of
acute gastroenteritis (2.3%; 169/7302).

5 BLAST. URL: https://blast.ncbi.nlm.nih.gov/Blast.cgi (date of
access: 13.03.2024).

¢ Medical statistics. URL: https://medstatistic.ru/calculators/
averagestudent.html (nata oopamenus 13.03.2024).
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EVs were detected in 364 (5.0 = 0.3%) cases. In
different years of the observed period, the frequency
of EV detection in children with AII ranged from 1.7-
7.8%. In the period before the COVID-19 pandemic,
EVs were significantly more frequently detected in
2018 (7.5 £ 0.7%; 120/1607; p = 0.009). Their detec-
tion rate decreased in 2019 and reached a minimum in
2020 (1.7 £ 0.3%, 24/1427; p = 0.0000001), when pan-
demic-related restrictive anti-epidemic measures were
implemented. In 2021, after the partial lifting of the
lockdown and when the mask regime was relaxed, the
rate of EV detection in children with All increased sig-
nificantly (4.1 = 0.5%; 58/1417; p = 0.00004) and pea-
ked in 2022 (7.8 + 0.9%; 65/832; p = 0.002136). Fig. 1
shows that the dynamics of the frequency of EV detec-
tion until 2023 repeats the dynamics of the incidence of
all forms of EVI in children in the Nizhny Novgorod
region. Both dynamics have a pronounced decrease in
rates in 2020 and an increase in 2021-2022. Howev-
er, in 2023, the increase in the incidence of EVI con-
tinued, and the frequency of EV detection in children
with All significantly decreased (3.7 £ 0.9%; 18/493;
p = 0.000001) compared to 2022. Comparison of the
incidence rates of EVI and EVM in the analyzed time
period revealed that the increase in the incidence rate
in 2023 was due to non-meningeal forms of infection
(in 2022 — 31.82°; in 2023 — 42.38°/ ). The in-
cidence of EVM remained approximately the same (in
2022, 13.52°%,,, in 2023, 12.42% ).

The monthly frequency of EV detection in dif-
ferent age groups of children with AIl in 2018-2022
was analyzed. It was found that in 2018 and 2019 the
dynamics of changes in the frequency of EV detection
was homogeneous. A similar pattern was observed
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Fig. 1. Dynamics of the frequency of detection of NPEV (%)
and incidence of EVI (per 100 thousand children under the
age of 17 years) in the Nizhny Novgorod region in the period
2018-2023.
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when comparing the seasons of 2021 and 2022, which
made it possible to single out the combined seasons of
2018-2019 (pre-pandemic) and 2021-2022 (pandemic,
cancellation of the lockdown) for comparison. The anal-
ysis showed that before the pandemic, EVs were de-
tected in children with intestinal infection year-round,
starting in April and ending in January—February of the
following year. Peaks were recorded in May (10.0%;
22/221) and September (15.8%; 38/241). In 2020, EV
detection peaked in September (5.7%; 7/123). During
the 2021-2022 pandemic season, after phasing out re-
strictive measures, EVs in children with AIl were de-
tected from June through December, with a peak detec-
tion rate in July (10.8%; 34/315). In the 2023 season,
EVs were more frequently detected in August (8.2%;
6/73) (Fig. 2).

Children of all ages are susceptible to NPEV in-
fection. At the same time, the frequency of EV detec-
tion in patients with All differed in different age groups
during the study period (Fig. 3). Thus, prior to the
COVID-19 pandemic, EVs were significantly more fre-
quently detected in children under 3 years of age (7.3 +
0.6%; 120/1644; p = 0.006739), whereas in 2021-2022,
EVs were most frequently detected in children aged 3-7
years (6.8 = 0.9%; 53/778; p = 0.044991) compared to
children older than 7 years. In 2020 and 2023, against
a background of low detection rates of EVs in children
with All, no significant group differences were found,
with no EVs detected in children over 7 years of age
in the 2023 season, despite the fact that the number of
children aged 7-17 years examined in 2022 and 2023
differed little (169 and 118, respectively).

It was of scientific and practical interest to study
the peculiarities of the type composition of EVs found
in children with AIl before the COVID-19 pandemic,
during the pandemic and after its end.

Analysis of the diversity of NPEV types
in children with All

In order to study the diversity of EV types detect-
ed in hospitalized children diagnosed with AIl, 299
typed strains were analyzed. All strains were identified
as NPEVs.

A total of 41 types of NPEV identified in 2018-
2023 were defined. Fig. 4, a shows that a number of
NPEV types were identified in a single or small number
of cases (n = 64: KA3, KA7, KAS8, EV-A76, EV-A90,
KV1, KV2, KV3, KV4, E1, E2, E3, E6, E7, E13, E14,
E18, E21, E24, E25, KA19, KA20, KA21, KA24,
EV-C99, EV-C116, EV-D68), while other types were
detected relatively frequently (n = 135: KA2, KAS,
KA10, EVA71, KA9, KV5, E9, El1, E30, KA22), 4
viruses were prevalent (n = 100: KA4, KA6, KA16,
KAT). The detected viruses belonged to 4 species: En-
terovirus A (44.5%; 133/299), Enterovirus B (35.1%;
105/299); Enterovirus C (20.1%; 60/299); Enterovirus
D (0.3%; 1/299).

January
20
December February
15
November 10 March

October //\ﬂp/\ April

M
September ay

June
August July

02018-2019 0O 2021-2022 ® 2023 m2020

Years

Fig. 2. Monthly frequency of detection of NPEV in children
with All during the period before the COVID-19 pandemic
and after the lifting of the lockdown, %.

%
10

Al Gl P

2018-2019 2020 2021-2022
Years

2023

Age, years: —<3 D 3-7 mm >7

Fig. 3. Frequency of detection of EVs in different age groups
of children with All in the periods before the pandemic,
during and after the COVID-19 pandemic.

*p =0.006739; **p = 0.044991.

Twelve types of Enterovirus A species were iden-
tified among the NPEVs, with KA4 (18.8%; 25/133),
KA6 (14.3%; 19/133), and KA16 (15%; 20/133) virus-
es being detected more frequently. Enterovirus B spe-
cies included 20 types of NPEVs, dominated by virus-
es KA9 (11.4%; 12/105), KV5 (15.2%; 16/105), E11
(14.3%; 15/105), and E30 (13.3%; 14/105). Eight types
of Enterovirus C NPEVs were identified, with KA1 vi-
rus being the most frequently detected (60%; 36/60).
RNA of EV-D68 was detected in feces in one case.

The spectrum of NPEV types in different seasons
of the study period was analyzed (Fig. 4, b). Thus,
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before the COVID-19 pandemic, Enterovirus A was
dominated by EV-A71 (13.3%; 14/105), which was
subsequently undetected, and was replaced by virus
KA16 (13.6%; 18/132). In 2023, KA4 (16.7%; 9/54)
and KA10 (20.4%; 11/54) viruses were dominant.
KA2, KAS and KA6 viruses were detected relatively
frequently. It is indicative that in 2020, in the conditions
of strict anti-epidemic measures, representatives of En-
terovirus A were not identified.

In2018-2019, among Enterovirus B,KV5 (10.5%;
11/105), E30 (9.5%; 10/105) and E9 (5.7%; 6/105) vi-
ruses were detected more frequently than others; in the
2020 season, E9, E14 and E24 viruses were detected in
single cases, whereas after the partial lifting of restric-
tive measures, KA9 (6.8%; 9/132) and E11 (10.6%;
14/132) viruses were detected. In 2023, KVS5 virus
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EV-C99 1
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(9.3%; 5/54) resumed circulation and E30 virus (5.6%;
3/54) was detected, while other EVM pathogens (E6
and E11 viruses) were not detected in the feces of chil-
dren with AIL

Among Enterovirus C EVs, KA1 virus dominat-
ed both before the pandemic and during the pandemic
(during the restrictive measures and after the lockdown
was lifted). It is worth noting that in 2021-2022, its
share in the type structure of NPEVs detected in chil-
dren with AIl amounted to 16% (21/132).

We analyzed the distribution of NPEV types in
different seasons of the study period. Fig. 5 shows that
before the COVID-19 pandemic, Enterovirus A (41.0 £
4.8%; 43/105) and Enterovirus B (46.7 £4.9%; 49/105)
were detected in approximately equal proportions and
statistically significantly predominated over Enterovi-
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Fig. 4. Diversity of NPEV types identified in children with All in 2018-2023 (a), before the pandemic (2018-2019),
during the pandemic (2021-2022) and after its end (2023) (b).
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Fig. 5. Species distribution of NPEV isolated from children with All in 2018—2023.
*p =0.000001; **p < 0.002142; ***p < 0.009897.

rus C (12.3 + 3.2%; 13/105; p = 0.000001), while af-
ter the lockdown was lifted (2021-2022), Enterovirus
A (47.0 £ 4.3%; 62/132; p < 0.002142) was more fre-
quently detected. During the period of the severe re-
strictive measures due the pandemic (2020), no EVs
of Enterovirus A species were detected, and the major
proportion among identified NPEVs belonged to En-
terovirus C species (62.5 = 17.1%; 5/8). In 2023, the
distribution of NPEV species did not differ significantly
from that in 2021-2022 and was characterized by a sig-
nificant predominance of Enterovirus A.

Thus, during the period under study, children
with AIl showed a change in the frequency of detec-
tion of different types of NPEVs due to the change of
the dominant type: before the pandemic — Enterovi-
rus B (46.7%), Enterovirus A (41.0%), Enterovirus C
(12.3%); during the pandemic season, during the period
of strict restrictions (2020), Enterovirus C (62.5%) and
Enterovirus B (37.5%) were detected; after the lock-
down was lifted, Enterovirus A (47.0%), Enterovirus B
(28.8%), Enterovirus C (23.5%), Enterovirus D (0.7%);
in 2023, Enterovirus A (51.8%), Enterovirus B (27.8%),
and Enterovirus C (20.4%) were detected.

Discussion

Many types of EVs are prone to epidemic spread,
which determines the need to monitor their circula-
tion. For this purpose, detection and type identifica-
tion of NPEVs are performed in patients with differ-
ent clinical presentation of the disease. In the present
study, detection and type identification of EVs were
performed in children hospitalized with AIl in one of
the infectious diseases hospitals of Nizhny Novgorod,
as part of the etiological deciphering of the disease
during the period including the time of the COVID-19
pandemic.

In 2018-2023, EVs both in mono-infection and in
combination with other enteric viruses were detected
in an average of 5.0% of cases. At the same time, be-
fore the pandemic (2018-2019), the frequency of EV
detection was 6.4%, which is comparable to the data
for 2006-2011, when in children hospitalized with
All in the same infectious disease hospital in Nizhny
Novgorod, NPEVs were detected in 7.6 £ 0.3% of cases
[14]. According to the data of foreign authors, EVs in
children with AII before the COVID-19 pandemic were
detected in the range of 3.3—-11.0% [20-22].

The analysis of the incidence of all forms of EVI
in the Nizhny Novgorod region and the frequency of
EV detection in children diagnosed with AIl showed
that in 2018-2022 the dynamics of the frequency of
EV detection repeated the dynamics of EVI incidence,
and in 2020 in both cases a sharp decline in the stud-
ied indicators was observed. The incidence of EVI in
children under 17 years of age in the Nizhny Novgorod
region decreased by 22.7 times (according to offi-
cial statistics), the frequency of EV detection — by
4.5 times. In 2020, in connection with the COVID-19
pandemic, anti-epidemic measures (mask regime, ban
on mass events, self-isolation regime, quarantine, hy-
giene awareness, movement restrictions) were intro-
duced in the Nizhny Novgorod region, as well as in the
country as a whole, aimed at preventing the spread of
SARS-CoV-2 due to the airborne transmission. At this
time, the incidence of EVI in children under 17 years of
age in the Nizhny Novgorod region decreased to 2.16
per 100,000, and the frequency of NPEV detection in
children with AII reached a minimum (1.7%). These
data indicate an effect of restrictive anti-epidemic mea-
sures on the activity of EV circulation, which can be
transmitted via different mechanisms and routes, and,
accordingly, the impact on the EVI incidence.
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In 2021-2022, against the background of a marked
increase in the incidence of all forms of EVI, the fre-
quency of EV detection in children with All increased,
averaging 5.5% (4.1-7.8%). The gradual increase in the
detection rate correlates with the results of a study con-
ducted in the Republic of Belarus in 2020-2022, where
NPEVs in children with AIl were identified in a total of
3% of cases, and the annual detection rate also tended
to increase (1.1-3.7%) [23]. However, after the pan-
demic in 2023, against the background of an increase in
the incidence of all forms of EVI, the frequency of EV
detection in children with the symptoms of All signifi-
cantly decreased by 2.1 times (7.8-3.7%).

EVs were detected in fecal samples during the sea-
sonal summer-autumn rise in the incidence of EVI in all
age groups of children hospitalized with AIl. However,
the peak months and the dominant age group of their
detection varied in different years of the study period.
Before the pandemic, the highest EV detection rates
were recorded in May and September, predominantly
in the age group of children under 3 years of age, while
after the cancellation of the lockdown — in July, in the
age group of 3—7 years (organized preschool children).
It is noteworthy that in 2023 there were no cases of EV
detection in children with AIl in the age group older
than 7 years, which is characterized by a high incidence
of EV causing neurological forms of infection (KVS5,
E6, E30) [24]. The decrease in the frequency of EV de-
tection in children hospitalized with AIl in 2023 and the
absence of cases of their detection in the age group old-
er than 7 years may be associated, among other things,
with the emergence in the general EV population of
new epidemically significant EV variants causing spe-
cific clinical forms of EVI.

During 2018-2023, we identified 41 types of
NPEV in children with a clinic of AIl. The spectrum of
EB types included widespread pathogens of exanthemal
forms of infection and neuroinfections (in 2018 — KVS5,
E9, E30, EV-A71; in 2019 — KA6, KA4, EV-AT1, E6;
in 2021 — KA6, KA9, El11; in 2022 — KA6, KAS5,
KA16,KA9, El1;1in 2023 — KA6, KA 10, E30), which
reflects the type composition of the Nizhny Novgorod
EV population. Thus, in the Volga Federal District,
including the Nizhny Novgorod region, during the
pre-pandemic period, viruses E6, E30, KA6, EV-A71
circulated widely [25]; in 2021, KA6 was dominant,
KA10 and KA9 were identified’.

In addition to EVs, which are the etiologic cause
of various symptomatic diseases, the types found, as
a rule, in minor or intestinal forms of infection (KA3,
El, E2, E3, KA20, KA21, KA22, KA24, EV-C116)
and types rarely detected in Russia (EV-A76, EV-A90,
EV-C99) were identified in children with AIl. The iden-

7 Informative electronic bulletin. 2022. Ne 9. C 3-16. URL:
https://nniiem.ru/file/publicat/2022/nniiem-inf-byulleten-evi-za-
2021-n9.pdf (date of access: 27.02.2024).
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tification of rarely occurring types of NPEV in fecal
samples of children with intestinal infection has com-
pleted the characterization of the type composition of
the EV population in Nizhny Novgorod. The impor-
tance of screening of children with AIl to detect rare
types of NPEVs is also indicated by the results of a
study conducted in Mozambique in 2014-2018 [26].
EVs detected in children with AIl were of 4 types:
Enterovirus A (44.5%), Enterovirus B (35.1%), Entero-
virus C (20.1%), Enterovirus D (0.3%). Meanwhile,
27 types were identified before the COVID-19 pande-
mic, 5 types were identified during the 2020 pandemic,
24 after the lifting of restrictive measures during the
pandemic, and 20 after the pandemic. The number of
NPEYV types detected in children with diarrheal disease
at different time periods in different territories can vary
considerably. In our previous study, 22 types of Entero-
virus A (38.6%), Enterovirus B (38.6%), and Enterovirus
C (20.8%) were identified during the typing of EVs de-
tected in children with AII in 2006-2011 [14]. Accord-
ing to the data of foreign authors, in children examined
in cases of All, Enterovirus B and Enterovirus C types
of NPEVs were detected more often. Thus, in India,
23 types of EVs, mainly of Enterovirus B species
(73.68%; 28/38), were identified during the examination
of 305 children with AIl in 2011-2012 [27]. In North-
ern Brazil, in 20102011, 19 types of EV were identified
in 175 children with symptoms of acute gastroenteritis,
with 11 types (61.1%; 22/36) belonging to the Enterovi-
rus B species [28]. In contrast, in North America in 2012,
only 8 types of Enterovirus A and Enterovirus B were
identified in children with acute gastroenteritis, and En-
terovirus C was not detected in children with AII [21].
Analysis of the relative species distribution of
NPEVs identified in children with AIl in 2018-2023
showed that the ratio of EV species changed over time.
For example, prior to the COVID-19 pandemic, Entero-
virus A and Enterovirus B species EVs were predomi-
nantly identified, in approximately equal proportions.
During the pandemic (2020), during the period of strict
restrictive anti-epidemic measures, Enterovirus C EVs
were predominantly identified (Coxsackie A1 predomi-
nated), Enterovirus B in isolated cases, and none of the
Enterovirus A types were identified. The latter resumed
their circulation after the relaxation of restrictive mea-
sures and the end of the pandemic and dominated the
spectrum of viruses detected. A significant decrease in
the incidence of oral and extremity exanthema and her-
pangina, the main pathogens of which are EV-A71 and
CAL16, during the pandemic was observed in studies
conducted in China [29, 30], which, according to the
authors, indicates the prevention of EV transmission by
aspiration and contact mechanisms due to the applica-
tion of anti-epidemic measures. Our study shows differ-
ences in the effectiveness of restrictive measures aimed
at blocking the airborne transmission of SARS-CoV-2
on the frequency of detection of different types of
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EVs in children with acute respiratory tract infections,
which, most likely, is a consequence of their realization
of different transmission mechanisms.

Conclusion

The data of 6-year monitoring of NPEVs in chil-
dren with AIl demonstrate their genetic diversity, rep-
resented by at least 41 virus types of Enterovirus A—D
species. The spectrum of types includes the main caus-
ative agents of serous meningitis, oral and extremity
exanthema, herpangina, exanthema, myocarditis and
rare types occurring in minor or intestinal forms of in-
fection, which complements the characterization of the
territorial EV-population.

The results of the study demonstrate a pronounced
effect of the influence of the complex of anti-epidemic
measures carried out during the COVID-19 pandemic
on the incidence of EVI and the activity of circulation
of NPEV of different types. In children with AIl under
the conditions of blocking the aspiration mechanism
of SARS-CoV-2 transmission, there was a decrease in
the frequency of detection of Enterovirus B, absence
of Enterovirus A and constant presence of Enterovirus
C in feces.
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