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ETIOLOGICAL STRUCTURE OF ENTEROVIRUS INFECTION IN CHILDREN IN THE MOSCOW REGION
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The diversity and succession of epidemiologically significant enteroviruses (EV) lead to constant changes in the clinical presentation and morbidity levels. The
aim of the study is to investigate cases of EV infection in hospitalized children during the resurgence of the epidemic process following the COVID-19 pandemic.
We collected clinical samples from 156 patients with EV infection across a range of ages. Virus genotyping was performed using the Sanger sequencing of
the 5’UTR-VP2 and VP1 genome fragments. Sixteen types of enteroviruses were identified, with one additional case identified only to the species level (EV-C).
The dominant EV type was Coxsackie CV-A6, with a share of 80.6% (95% ClI: 66.7-95.5) in 2021 and 36.1% (95% Cl: 27.5-44.6) in 2022. Most commonly,
CV-A6 caused skin lesions (exanthema or HFMD) and respiratory manifestations. In 2022, the proportion of CV-A10 cases increased considerably to 27.0%
(95% Cl: 19.2-34.9) compared with 6.4% (95% CI: 0-15.1) in 2021. The most common clinical manifestation of CV-A10 was herpangina. The most severe EV
infection cases were associated with ECHO 6 — four out of 11 patients were diagnosed with meningitis, while the remaining patients exhibited neurological
symptoms (meningism, intense headache, vomiting) accompanied by fever. We observed a large number of EV cases accompanied by the presence of other
infectious agents in biological samples, which may result from immune suppression during EV infection development. The most common of these agents was
human herpesvirus 6 (HHV-6). The nucleotide sequences of the characterized enteroviruses have been deposited in the NCBI database to enable subsequent
epidemiological analysis of enterovirus circulation in the Russian Federation.
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PasHoobpasvie 1 cMeHa 3NMAEMUYECKM 3HAYVMBIX 3HTEPOBUPYCOB (EV) MPYBOAMT K NMOCTOSIHHOMY M3MEHEHWUIO XapakTepa KIMHUHYECKOW KapTuHbl U YPOBHS
3aboneBaeMocTL. Llenb paboTbl — M3y4nTb CRy4av SHTEPOBUPYCHOM MHMeKLMM (SBV) y rocmmntannsnpoBaHHbIx AeTel B Mepuo BOCCTAHOBEHVE SMMAEMUYECKOTO
npouecca nocne nangemun COVID-19. Bbin cobpaH knnHW4eckuin matepuan oT 156 naumeHToB ¢ OBW pasnuyHbix BO3pacTHbIX rpynn. NposedeHo
reHOTMNNPOBaHME BMPYCOB METOAOM CekBeHvpoBaHua no CaHrepy 5'UTR-VP2 n VP1 chparmMeHToB reHoma. BbisiBneHo 16 TUMOB SHTEPOBUPYCOB, ANIS OQHOMO
yaanock ycTaHoBUTb Tonbko Bua, (EV-C). JomuHnpytowmmM Tvnom EV okagancst Kokcakin CV-AB6 — pons coctaBuna 80,6% (95% [V 66,7-95,5) B8 2021 . 1 36,1%
(95% OW: 27,5-44,6) B 2022 r. Haue Bcero CV-AB Bbi3blBaT KOXKHbIE MOPEKEHNS (SK3AHTEMBI 1 SHTEPOBUPYCHbIA BE3VKYISPHBIA CTOMATUT C 9K3aHTEMOM) 1
pecrpaTopHble MHdekn. B 2022 . Habnogancs poct gom CV-A10 — 27,0% (95% [: 19,2-34,9) B 2022 r. npotvB 6,4% (95% [W: 0-15,1) B 2021 I, Hambonee
YacTbIM nposieneHnem CV-A10 6bina repneTtudeckas aHrvHa. Camble Tshkenble cnyydan OBW Habnopanvck npn ECHO 6 n nanee — y 4eTBepbIx 13 11 naumeHToB
[ONarHOCTUPOBaH MEHWUHIUT, Yy OCTaslbHbIX MPOSBNSANNCE HEBPONOMNYECKNE CUMMTOMbI (MEHVHIVI3M, MHTEHCUBHAS rOfIoBHast 60Mb, PBOTA) Ha POHE IMXOPaaKN.
OTMeYdeHOo BorbLLIOe KONMMHECTBO CrydaeB OBV, conpoBOXAaIOLLMXCS NMPUCYTCTBMEM B BrioMaTtepuase ApYrX MHEKLMOHHBIX areHTOB, YTO MOXKET ObITb CBSI3aHO
C ocrnabneHneMm UMMyHUTETa Npu pa3suTUM OB, Yallie BCero BbISBNAM BUPYC reprieca 6-ro Tvna. HykneoTuaHble NocnefoBaTenbHOCTU OXapakTepr30BaHHbIX
SHTEPOBUPYCOB pasmeLLieHbl B 6aze NCBI ons BO3MOXXHOCTY NOCAEAyOLLErO AMMAEMUONIONMHECKOrO aHanm3a LMPKYSISLMM SHTEPOBMPYCOB Ha Tepputopun PO.

KnioyeBble cnoBa: 9HTEPOBMPYCHAS MHMDEKUMS, SMUAEMUHECKN 3HAYMMbIE SHTEPOBMPYCHI, BUPYCbl KOKCaKM, aXOBUPYCbl, SHTEPOBUPYCHbIA BEIVKYNSPHbIA
CTOMATUT C 3K3aHTEMOW, repraHriHa, KOMHMeKLWs, cekBeHnpoBaHe no CaHrepy
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Enteroviruses are a diverse group of small non-enveloped viruses
with an non-segmented (+)-RNA genome, including pathogenic
and opportunistic human viruses of the species Enterovirus
alphacoxsackie (EV-A), Enterovirus betacoxsackie (EV-B),
Enterovirus coxsackiepol (EV-C), Enterovirus deconjuncti (EV-D).
Polioviruses belonging to the Enterovirus coxsackiepol species,
capable of causing severe forms of neuropathogenesis, are on
the verge of elimination. However, non-poliomyelitic enteroviruses
of various types, including Coxsackie viruses, echoviruses and
numbered enteroviruses, are widespread, and they cause various
clinical forms of enterovirus infection, including hand, foot and
mouth disease (HFMD), various types of exanthema, herpangina
(enterovirus vesicular pharyngitis), diseases of the upper and
lower respiratory tract, hemorrhagic conjunctivitis, infections
of the gastrointestinal tract, epidemic myalgia, myopericarditis,
neuroinfections (encephalitis, meningitis, acute flaccid myelitis)
and other diseases.

A certain correlation has been established between the
species of enteroviruses and their characteristic clinical
manifestations: EV-A enteroviruses predominantly cause HFMD
and herpangina; EV-B enteroviruses (Coxsackie B, ECHO)
are the dominant pathogens of enterovirus meningitis; EV-D
enteroviruses (D68) mainly affect the upper and lower respiratory
tract. However, even for a single type of enterovirus, the clinical
picture can vary significantly depending on the state of immunity
and other individual characteristics of the patient. Approximately
85 % of EV infection cases are asymptomatic, about 12-14 %
are diagnosed as mild forms, and only 1-3 % exhibit a severe
course [1, 2]. Clinical manifestations are also associated with
certain age groups: in adult patients, the disease often occurs
as a mild respiratory or intestinal infection, younger patients
develop HFMD, herpangina, and exanthema, and children aged
3-14 years are predisposed to severe neurological forms, such
as enterovirus meningitis [2].

Monitoring of EV infections reveals that distinct circulation
patterns exist for individual enterovirus types; for example,
ECHO 9, ECHO 30, and EV-D68 tend to cause outbreaks,
whereas CV-B4 and several other types exhibit relatively stable
circulation [2, 3].

The regular replacement of epidemiologically important
enterovirus may stem from different factors, but it always
affects the incidence rate and the nature of the clinical picture.
Monitoring the activity and prevalence of different EV types
allows predicting the emergence of outbreaks or an increase in
severe disease cases. [1, 4].

In 2020, the COVID-19-related anti-epidemic measures slowed
the circulation of enteroviruses. Consequently, in the subsequent
years, the proportion of the population without immunity to
enterovirus infection increased, which contributed to a more active
spread of EV infection. Thus, according to official statistics in the
Russian Federation, in 2024, there were 21491 EV cases
recorded, which is 14.69 per 100 thousand population. This is
1.5 times more than the long-term baseline incidence rate [5].

Before the pandemic, EV-B enteroviruses, including
ECHO 30, posed a significant threat in the Russian Federation,
being a major cause of meningitis. However, following the
decline in enterovirus circulation in 2020, the proportion of
EV-B decreased significantly. At the same time the incidence
of infections associated with EV-A, primarily A6 and A10,
has increased [2, 6]. According to the data of molecular
genetic monitoring in the Russian Federation, in some years,
the share of CV-AB reached 40% [2, 7]. In this regard, the
clinical presentation of EV infections has also changed, cases
of herpangina and exanthema becoming more frequent,
especially among children in their early years [6]. For example,

in the Irkutsk region in 2023, the main clinical form of EV
infection was herpangina (39.9%) and HFMD (28.9%) [8].

The aim of the study is to investigate cases of EV infection
in children admitted to hospitals in the Moscow region during
the period of epidemic process recovery (2021-2023), in order
to assess the circulation of various enterovirus types taking into
account the associated clinical manifestations.

METHODS
Samples

Clinical samples were collected from 156 patients of various
ages at the Children's City Clinical Hospital No. 9 named after
G. N. Speransky (Moscow, Russia). The participants had to have
a diagnosed enterovirus infection to be included in the study.
The children were aged 0-17 years; 78% of them were under
six years of age. Most of the samples (n = 122) were collected in
2022, with additional 31 and 3 samples taken in 2021 and 2023.

Oropharyngeal and nasopharyngeal swab samples (n = 137)
were collected from patients with symptoms of EV or respiratory
infection, feces (n = 18) were taken from patients with acute
intestinal infection. A cerebrospinal fluid sample was taken from
one patient diagnosed with meningitis (1 = 1). Only one type of
clinical specimen was analyzed per patient. Clinical specimens
were stored at =70 °C until the start of the analysis.

Study locations

PCR testing of samples for the presence of enterovirus RNA
and other infectious agents was performed in the Laboratory
Diagnostic Department of Children's City Clinical Hospital No.
9 named after G. N. Speransky. Enterovirus genotyping was
performed in the Center for Postgenomic Technologies of the
Center for Strategic Planning and Management of Medical and
Biological Health Risks (FMBA of Russia).

Sample preparation

Swab and cerebrospinal fluid samples did not require any
preparation before RNA extraction. To prepare the fecal extract,
approximately 0.1 g (0.1 ml) of feces was resuspended in
0.8 ml of phosphate buffer (VWR International, LLC, USA).
The homogeneous suspension was centrifuged at 10000 g
on a MiniSpin centrifuge (Eppendorf, Germany) for 5 minutes,
300-400 pl of supernatant was collected above the surface of
the precipitate, and stored at =70 °C for further use.

Confirmation of the presence of enterovirus and other
infectious agents in clinical samples

To confirm the presence of enteroviruses and other infectious agents
in clinical samples, we used PCR kits AmpliTest® Neuroviruses
(Center for Strategic Planning and Management of Medical and
Biological Health Risks, FMBA of Russia, Russia), AmpliSens® EBV/
CMV/HHVBA/B-screen-FL, AmpliSens® HSV |, II-FL, AmpliSens®
OKl-screen-FL, AmpliSens® ARVI-screen-FL, AmpliSens®
MRSA-screen-titer-FL, AmpliSens® Streptococcus pyogenes-
screen/monitor-FL (Central Research Institute of Epidemiology
of Rospotrebnadzor, Russia).

RNA extraction

For nucleic acid extraction from clinical samples, the in vitro
diagnostic reagent kit AmpliTest® Magno-Sorb-Combo (Center
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for Strategic Planning and Management of Medical and Biological
Health Risks FMBA of Russia, Russia) was used. The set extracts
nucleic acids using magnetized silica particles. RNA isolation
was performed using the Auto-Pure 96 device (Hangzhou
Allsheng Instruments Co., Ltd., China). For extraction, 10 pl
IC-R was added to all the samples.

Obtaining cDNA

Reverse transcription of RNA was performed using the AmpliTest®
Reverta kit (CSP of FMBA of Russia, Russia).

Ampilification of 5'UTR-VP2 and VP1 regions
of the enterovirus genome

The VP1 region was amplified using universal primers recommended
for genotyping human enteroviruses EV-A, EV-B, EV-C, and EV-D.
The process involved two-round thermal cycling: the first round
with a pair of primers SO222 5’-CICCIGGIGGIAYRWACAT-3’
and S0224 5’-GCIATGYTIGGIACICAYRT-3’, and the second
round with AN88 5’-TACTGGACCACCTGGNGGNAYRWAC
AT-3" and AN89 5’-CCAGCACTGACAGCAGGARAYNGG-3’
[9]. To amplify the 5'UTR-VP2 region of the enterovirus
genome, we used oligonucleotide primers of our own design —
EV_S_for 5'-GTGTAGMTYRGGYYGATGAG-3' and EV_S_rev
5’-RTCHGGRAAYTTCCAVYACCA-3'.

Electrophoretic analysis of PCR products and their purification

Electrophoresis of PCR products was carried out in 2%
agarose gel. For purification of PCR products, we used KAPA
Pure Beads (KAPA Biosystems, Wilmington, MA, USA). Nucleic
acid concentrations were measured using a NanoDrop 2000C
spectrophotometer (Thermo Scientific, Waltham, MA, USA).

Sequencing of sections of the enterovirus genome

The Sanger PCR reaction was carried out using the BigDye ™
Terminator v3.1 Cycle Sequencing Kit (Thermo Fisher Scientific)
in accordance with the manufacturer’s protocol on a SimpliAmp
Thermal Cycler (Thermo Fisher Scientific). For sequencing of
VP1 and 5'UTR-VP2 PCR products, we used internal primers
AN232 5° CCAGCACTGACAGCA 3’ [9] and EV_S_in 5’
CATGGTGYGAAGYCTATTGAGC 3’ respectively. The Sanger
sequencing was performed on an Applied Biosystems 3500
Genetic Analyzer (Thermo Fisher Scientific).

Enterovirus RNA was found in 156 clinical samples. Genotyping
in two genome regions was performed for 96 samples; the results
of VP1 and 5'UTR-VP2 typing were the same for all of them. For
40 samples, genotyping was performed only in the 5'UTR-VP2
region, and for 20 samples in the VP1 region of the genome.

The nucleotide sequences of fragment VP1 (PX468781—
PX468895) and region 5'UTR-VP2 (PX491339-PX491474)
were uploaded to the NCBI GenBank database.

Identification of enterovirus types

We used the resources of Enterovirus Genotyping Tool Version
0.1, National Institute for Public Health and the Environment,
Bilthoven, The Netherlands) [10] and NCBI BLAST [11].

Statistical data processing

We used the Medcals resource [12] and the standard functions
of Microsoft Excel (Microsoft Corporation). To compare the
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frequency of symptoms between the groups, the two-tailed
Fisher’s exact test was performed. Differences were considered
statistically significant at p < 0.05. For samples with a small
number of observations (n < 10), no statistical comparison was
performed.

RESULTS

Genotyping of enteroviruses in biological samples from children
revealed 16 different types, for one sample only the EV-C
enterovirus species could be established. The majority of the
studied enteroviruses were of the EV-A CV-AB type: among
the samples from 2021, their share was 80.6%, from 2022 —
36.1%. CV-A10 was the second most common enterovirus
detected in EV patients, accounting for 6.5% of the 2021
sample batch and 27.0% of the 2022 batch. Other EV-A
enteroviruses were found much less frequently. The CV-A16
virus was detected in only one patient (2022 sample batch).

EV-B viruses of types CV-A9, CV-B2, CV-B3, CV-B5, ECHO 6,
ECHO 9, ECHO 11 were identified in 16.0% of patients (in
2021-2022). ECHO 6 dominated among them, with a 9.0%
share in the 2022 sample batch.

In addition, we identified three samples of enterovirus of
the EV-C species (two cases of CV-A19 and one case of EV-C
of unidentified type) and four cases of enterovirus EV-D68 of
the EV-D type. The results of enterovirus genotyping are shown
in Table 1.

We analyzed the relationship of symptoms in patients
infected with enteroviruses of various types. Those of the
EV-A species (CV-A2, CV-A3, CV-A4, CV-A5, CV-AB, CV-A10,
CV-A16) caused similar symptoms: HFMD, exanthema,
diseases of the upper and lower respiratory tract, herpangina,
gastrointestinal infections, acute hemorrhagic conjunctivitis.
Enteroviruses of the EV-B type (CV-A9, CV-B2, CV-B3, CV-B5,
ECHO 6, ECHO 9, ECHO 11) mainly manifested as neurological
disorders (meningism, intense headache, vomiting) against a
background of fever, respiratory and/or intestinal symptoms.
Four of the 11 patients with ECHOG infection were diagnosed
with meningitis (Fig. 1).

Enteroviruses of types CV-A6 (n =69) and CV-A10 (n = 35) were
represented sufficiently to allow a comparison of the frequency
of various clinical manifestations (Table 2). It was reliably shown
that in this study, exanthema developed more often in patients
with CV-A6 infection than in CV-A10 cases (65.2% vs 25.7%),
and herpangina, on the contrary, was more often observed
when the disease was brought by a CV-A10 infection (62.9%
vs 23.2%).

We have also investigated the frequency of detection of
other infectious agents in patients, including those causing a
clinical picture similar to an EV infection (exanthema, respiratory,
intestinal, or neuroinfections). The specific RNA and DNA
pathogens tested for were as follows: herpes simplex viruses
type 1 and 2 (HSV-1/2), human herpesvirus 6 (HHV-6), Epstein—
Barr virus (EBV), cytomegalovirus (HCMV), rhinoviruses (HRV),
respiratory syncytial virus (RSV), human metapneumovirus
(HMPV), human parainfluenza viruses types 1-4 (HPIV-1 to
HPIV-4), human bocavirus (HBoV), adenoviruses species B, C, E,
and F (HAdV-B, -C, -E, -F), human coronaviruses OC43, 229E,
NL63, and HKU1 (HCoVs), rotavirus A, norovirus genogroup I,
astroviruses, Shigella spp./enteroinvasive Escherichia coli
(EIEC), Salmonella spp., Campylobacter spp., Streptococcus
pyogenes, Staphylococcus spp., and Candida albicans.

The total number of EV infection cases concomitant with
other infectious agents in various combinations was 29.5%, but
in most cases, those agents did not significantly affect disease
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Table 1. Results of typing of enteroviruses in biological material collected from children in 2021-2023 in Moscow

174

2021 2022 2023 Total
Type of enterovirus Number of patients, Proportion n, % Number of patients, Proportion n, % Number of patients, 156
n=231 (95% Cl) n=122 (95% Cl) n=3
Enterovirus alphacoxsackie, EV-A
CV-A2 1 3.2 (0-9.4) 1 0.8 (0-2.4) - 2
CV-A3 - - 1 0.8 (0-2.4) - 1
CV-A4 1 3.2(0-9.4) 5.7 (1.6-9.9) 1 9
CV-A5 1 3.2(0-9.4) 6 4.9(1.1-8.8) - 7
CV-A6 25 80.6 (66.7-95.5) 44 36.1 (27.5-44.6) - 69
CV-A10 2 6.5 (0-15.1) 33 27.0 (19.2-34.9) - 35
CV-A16 - - 1 0.8 (0-2.4) - 1
Enterovirus betacoxsackie, EV-B
CV-A9 - - 4 3.3(0.12-6.4) - 4
CV-B2 - - 1 0.8 (0-2.4) - 1
CV-B3 1 3.2(0-9.4) - - - 1
CV-B5 - - 4 3.3 (0.12-6.4) - 4
ECHO 6 - - 11 9.0 (3.9-14.1) - 11
ECHO 9 - - 3 2.5(0-5.2) - 3
ECHO 11 - - 1 0.8 (0-2.4) - 1
Enterovirus coxsackiepol, EV-C
CV-A19 - - 1 0.8 (0-2.4) 1 2
Unknown - - 1 0.8 (0-2.4) - 1
Enterovirus deconjuncti, EV-D
EV-D68 | - | - 3 25 (0-5.2) 1 4

severity. Herpes virus type 6 (HHV-6) was detected most often
(in up to 17% of all studied cases of EV infection). In 7% of
cases, we observed infections involving multiple pathogens —
either mixed viral infections (e.g., CV-A10, HHV-6, EBV, HCMV)
or bacterial-viral co-infections (e.g., CV-A6, Astrovirus, Shigella
spp.,) (Fig. 2).

DISCUSSION

Genotyping of enteroviruses in biological samples collected
from children in the Moscow region in 2021-2022 showed
that the dominant type was CV-A6. This type has been
widely distributed across European countries since 2008 and
subsequently spread to Asia and North America. There are
atypical forms of CV-A6 that cause unusual skin manifestations:
exanthema, rash, eczema, blisters, onychomadesis [13, 14].
In 2017, the prevalence of CV-AB in some countries reached
71.1% [15], with large-scale outbreaks reported in Brazil,
Vietnam, France, and China [16-20]. The dominant position of
the CV-AB in Russia is confirmed by the data of the Reference
Center: the prevalence of this type among patients with EV
infection was 13% in 2018, 29% in 2019, 40% in 2021, 19% in
2022, 34% in 2023, 17% in 2024 [2]. Compared to the classic
Coxsackie virus CV-A16, which was previously a common
cause of HFMD [2, 21], CV-AG infection is characterized by a
longer duration, atypical skin manifestations, and neurological
symptoms [15, 18].

In this study, CV-A6 predominantly caused exanthema
and diseases of the upper and lower respiratory tract, less often —
HFMD, herpangina, gastrointestinal infections, and acute
hemorrhagic conjunctivitis. In four cases (patients under
3 years old, accounting for about 6% of the CV-A6 sample), the
infection was severe and accompanied by seizures and loss of
consciousness in the context of febrile fever. A concomitant

agent, HHV-6, was detected only in one case of these four,
therefore, the complicated course is probably not associated
with coinfection.

It is shown that compared to 2021, in 2022, the proportion
of CV-AB decreased from 80.6% to 36.1%, while the share
of CV-A10 cases increased from 6.5% to 27.0%. This is
consistent with the reports of the growing numbers of CV-A10
infection cases in the regions of the Russian Federation and
other countries [2, 22, 23]. The symptoms of CV-A10 infection
were generally similar to those of CV-A6 infection, except that
herpangina was more frequent and various exanthemas were
less common. Six patients aged 0-6 years (17% of patients
with CV-A10) had seizures and/or loss of consciousness with
febrile fever in the background, and only two of them had
associated infectious agents (HHV-6, HAdV). In this study,
we did not observe any cases of meningitis associated with
CV-A10, although such cases have been reported previously.
Moreover, according to published data, CV-A10 infection tends
to be more severe than those caused by CV-AG or CV-A16 [22].

Separately, it should be noted that two patients with CV-
A10 and CV-A3 had a rather rare complication — urinary
tract infections. The cytopathogenic effect of enteroviruses
on renal tissue cells was described earlier, which indicates the
possibility of involvement of organs of the urinary system in the
pathological process [24].

Among EV-B enteroviruses, ECHO 6 was the most
common type. It was detected exclusively in the 2022 sample
batch, correlating with the epidemic rise of this type observed
across the Russian Federation that year [2]. Symptoms of
neuroinfection were noted, some patients had meningitis, the
rest had neurological symptoms (meningism, intense headache,
vomiting) against the background of fever, respiratory and/or
intestinal disorders. One of the cases of ECHO 6 infection
manifested in a child as enterovirus vesicular pharyngitis,
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Fig. 1. The relationship of clinical symptoms with the type of enterovirus. CNS infection — infection of the central nervous system (meningitis); CNS reaction — reaction
of the central nervous system (encephalopathy, meningism, seizures, impaired consciousness, apnea); fever (subfebrile, febrile, pyretic fever); HFMD — hand, foot
and mouth disease — enterovirus vesicular stomatitis with exanthema; herpangina — enterovirus vesicular pharyngitis; lower respiratory tract infections — bronchitis,
pneumonia; upper respiratory tract infections — rhinitis, pharyngitis, tonsillitis, tracheitis; gastrointestinal infection — infectious gastritis, enteritis, colitis; UTI — urinary

tract infection

however, the mother of this child had it as enterovirus meningitis.
This example does not agree with the typical clinical model of
EV infection, in which adults carry the infection in a milder or
asymptomatic form, because in the described case the parent
experienced a more severe course of the disease.

In other cases of EV-B infections, the symptoms involved
intestinal (gastroenteritis, enterocolitis) and respiratory (rhinitis,
bronchitis) disorders without affecting the central nervous
system. In some cases, we also observed herpangina (CV-B3,
ECHO 6) and HFMD (ECHO 6, ECHO 9). ECHO 11, which is
associated with neonatal sepsis in infants, was detected only in
a three-year-old patient with symptoms of respiratory infection.
The ECHO 30 virus, which has been the predominant causative
agent of enteroviral meningitis in the Russian Federation for many
years, was not detected in this study. This finding is consistent
with the enterovirus monitoring data from the Reference Center:
since the onset of the COVID-19 pandemic, ECHO 30 has been
rarely detected in the Russian Federation during 2021-2022.
However, ECHO 30 showed an upward trend later; in 2024, it
accounted for 8% of all EV infection cases [2].

Two cases of EV-C CV-A19 virus infection have also been
identified. According to the literature, CV-A19 is a fairly rare
infection agent; it can cause various respiratory and intestinal
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disorders, herpangina, as well as meningitis and acute flaccid
myelitis [25-26]. In the first case, the patient developed a
herpangina with infectious enterocolitis. In the second case,
against the background of norovirus and astrovirus coinfection,
the child had acute infectious gastroenteritis, toxicosis, exicosis
and acidosis, along with speech disorder and logoneurosis.
Electroencephalography has also detected epileptiform activity.
The effects affecting the central nervous system are probably
associated with severe intestinal coinfection.

Epidemiologically significant enteroviruses include EV-D68,
which was also identified in this study. This type commonly brings
respiratory symptoms, but since 2014, it has been associated with
acute flaccid myelitis, the symptoms of which include damage
to the lower motor neurons in the gray matter of the spinal
cord, impaired reflexes, respiratory failure, and sudden muscle
weakness [27]. Outbreaks of EV-D68 infection, accompanied by
acute flaccid paralysis, myelitis, myocarditis, pericarditis, neonatal
sepsis, and pneumonia, have been recorded in the United States
and Europe. In the Russian Federation, isolated cases of EV-D68
have been registered since 2018. The cases of EV-D68 infection
identified in this study in children aged 5-12 years were associated
with respiratory tract diseases, including rhinopharyngitis,
obstructive bronchitis, and pneumonia.
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Table 2. Comparison of clinical symptoms, CV-A6 and CV-A10 types

CV-A6 (1 = 69) CV-A10 (n = 35)
. ) . . ) . OR (95% Cl) p-value
) Proportion of patients with the . Proportion of patients with the
Symptom Quantity symptom, % (95% CI) Quantity symptom, % (95% CI)

CNS reaction 4 5.8 (0.3-11.3) 6 17 (4.7-29.6) 0.3 (0.1-1.1) 0.08
Fever 51 73.9 (63.5-84.3) 28 80 (66.7-93.2) 0.7 (0.3-1.9) 0.63
HFMD 25 36.2 (24.9-47.6) 7 20 (6.7-33.2) 2.3(0.9-5.9) 0.12
Herpangina 16 23.2 (13.2-33.1) 22 62.9 (46.8-78.8) 0.2 (0.1-0.4) <0.001
Exanthema 45 65.2 (53.9-76.4) 9 25.7 (11.2-40.2) 5.4 (2.2-13.4) <0.001
Lower respiratory tract 7 10.1 (3.0-17.3) 5 143 (2.7-25.9) 0.7 (0.2-2.3) 0.53
infections
Upper respiratory tract 30 435 (31.8-55.2) 9 25.7 (11.2-40.2) 2.2 (0.9-5.4) 0.09
infections
Conjunctivitis 2 29 (0-6.9) 1 2.9 (0-8.4) 1.0 (0.1-11.6) 1
Gastrointestinal infection 14 20.3 (10.8-29.8) 5 14.3 (2.7-25.9) 1.5 (0.5-4.6) 0.59

Our data show a high proportion of cases of EV infection
accompanied by other infectious agents (up to 30% of all
cases), which confirms previously published data on cases
of coinfections in various forms of EV infection. The literature
describes cases of coinfections such as EV/HSV-1 in neonatal
meningitis; CV-A6/EV-D68/HPeV/HHV-6/parvovirus in acute
encephalopathy; EV/Pasteurella multocida in meningitis
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* HHV-6 (2)

e

‘ o
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= HHV-6 (2)
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= HBoV (1)

CV-A16

and sepsis; EV/HSV-1, CV-A6/HHV-7, and CV-A6 / CMV in
hand, foot, and mouth disease (HFMD) syndrome; and EV /
Escherichia coli in urinary tract infections [33].

According to our data, in most cases, coinfection with EV
was associated with pathogens that can remain latent in the
body and become active under conditions of weakened
immunity — such as herpes simplex virus types 1 and 2,
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Fig. 2. Identification of various concomitant infectious agents in patients with EV infection
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cytomegalovirus, Epstein—Barr virus, and human herpesvirus
6 — accounting for up to 74% of all cases in which additional
infectious agents were detected.

CONCLUSIONS

It was determined that among the enteroviruses detected
in children in the Moscow region in 2021-2022, CV-A6
was dominant, primarily causing skin lesions in patients.
In 2022, there was an increase in the number of CV-A10
cases, for which there was a large proportion of cases with
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