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ABSTRACT

Objectives: This study aimed to estimate the impact of the COVID-19 pandemic on the circulation of
non-SARS-CoV-2 respiratory viruses and the clinical characteristics of COVID-19 in hospitalized children.
Methods: A total of 226 and 864 children admitted to the Children’s City Clinical Hospital with acute
respiratory infection in September to November of 2018 and 2020 in Moscow were tested for respiratory
viruses using multiplex polymerase chain reaction (PCR) and Mycoplasma pneumoniae/Chlamydia pneumo-
niae using enzyme-linked immunosorbent assay.
Results: The detection rate of non-SARS-CoV-2 viruses in 2020 was lower than in 2018, 16.9% versus
37.6%. An increase in the median age of children with respiratory viruses was observed during the pan-
demic (3 years vs 1 year). There was no significant difference in the frequency of intensive care unit (ICU)
admission in children with SARS-CoV-2 and other respiratory virus infections (2.7% vs 2.9%). SARS-CoV-
2 and human rhinoviruses, human metapneumoviruses, and human adenoviruses showed significantly
lower than expected co-detection rates during co-circulation. An increase in body mass index (BMI) or
bacterial coinfection leads to an increased risk of ICU admission and a longer duration of COVID-19 in
children.
Conclusions: The COVID-19 pandemic led to significant changes in the epidemiological characteristics of
non-SARS-CoV-2 respiratory viruses during the autumn peak of the 2020 pandemic, compared with the
same period in 2018.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Acute respiratory infections (ARIs) are a serious public health
problem and a leading cause of morbidity and mortality in chil-
dren worldwide (Williams et al., 2002). ARIs are associated with
a wide range of respiratory viruses such as a respiratory syncy-
tial virus (RSV), human metapneumoviruses (hMPV), human ade-
noviruses (hAdV), human bocaviruses (hBoV), human rhinoviruses
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(hRV), parainfluenza viruses (PIV), human coronaviruses (hCoV),
and others.

On March 11, 2020, the World Health Organization (WHO)
announced the start of the COVID-19 pandemic (World Health
Organization W 2019). Several studies have shown that an in-
fluenza pandemic could affect the epidemiology of other respira-
tory viral infections (RVI). Therefore, the prevalence, age distribu-
tion, and other epidemiological characteristics of the virus circu-
lation can change (Meningher et al.,, 2014; Pascalis et al., 2012;
Thiberville et al., 2012).

Another important issue is the impact of coinfections with a
pandemic virus on the severity of other RVI. The issue has not
yet been sufficiently studied (Lai et al., 2020; Sarkar et al., 2021).
Moreover, there are a limited amount of data on the effect of bac-
terial infections on the clinical course of COVID-19 (Oliva et al.,
2020; Rawson et al,, 2020). This is important for the prediction
of the disease progression, prognosis, and treatment strategy, es-
pecially in a high-risk group such as young children.

In the present study, we analyzed data and specimens from
children hospitalized with ARIs during the COVID-19 pandemic
in Moscow, Russia (September to November 2020) and compared
them with those obtained for the same period of 2018 to assess
the impact of the COVID-19 pandemic on the distribution and clin-
ical characteristics of non-influenza RVI and to assess the epidemi-
ological and clinical features of the SARS-CoV-2 infection in Russia.

Methods
Study design and participants

The study was performed at the Children’s City Clinical Hos-
pital named after Z.A. Bashlyaeva, Moscow, Russia, which is the
largest hub of infectious diseases in the city. The study included
participants aged between 1 month and 18 years hospitalized
with acute respiratory symptoms from September 27 to Novem-
ber 30 (226 patients in 2018 and 864 in 2020).

Nasopharyngeal swabs were taken from all patients within
24 hours of admission and tested using reverse transcription-
polymerase chain reaction (RT-PCR) (AmpliSens ARVI-screen-Fl Kkit,
InterlabService, Russia) for common respiratory viruses, including
RSV, hMPV, hAdV, hBoV, hRV, PIV 1-4, alpha and beta-hCoV. Pa-
tients admitted in 2020 were also tested for SARS-CoV-2 (POLYVIR
SARS-CoV-2, Lytech, Russia). Enzyme-linked immunosorbent assay
was used to detect IgM/IgA antibodies to Mycoplasma pneumoniae
and Chlamydia pneumoniae in the serum samples.

Ethics

This study was approved by the ethics committee of the Chil-
dren’s City Clinical Hospital named after Z.A. Bashlyaeva (#14 from
August 13, 2020). All study participants or their representatives
had provided written informed consent.

Statistical analysis

Data analysis was performed using GraphPad Prism 9.0.0
(GraphPad Software, LLC). Baseline characteristics of all posi-
tive viral detections were analyzed using appropriate descrip-
tive statistics. Continuous data are presented as medians and
interquartile ranges, and categorical data as numbers and per-
centages. Chi-square test or Mann-Whitney test were used for
comparisons (significance threshold, P < 0.05).

Results
Prevalence of respiratory viruses

First, we compared the incidence of infections caused by res-
piratory viruses, including RSV, hMPV, hAdV, hRV, hBoV, PIV 1-4,
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Table 1
Distribution of positive laboratory cases by virus species in 2018 and
2020
Virus 2018 (%) 2020 (%)
RSV 0 0.1
hMPV 0.4 3.0°
hAdV 9.3 3.7
hBoV 2.2 0.7*
hRV 17.3 6.3
PIV 1 0 0
PIV 2 0.4 0
PIV 3 5.3 0.2
PIV 4 4.0 2.0
hCoV (NL63/229E) 0 0
hCoV (HKU-1/0C 43) 0.4 23
SARS-CoV-2 - 33.2
TOTAL n 226 864

* Differences between 2018 and 2020 are statistically significant (chi-
square test, P < 0.05). - no data.

alpha, and beta-hCoV and SARS-CoV-2 in September to November
of 2018 and 2020. The detection rate of RVI in 2018 was lower
than that in 2020, 37.6% versus 49.3% (chi-square test, P < 0.05).
However, when we excluded patients with SARS-CoV-2, the detec-
tion rate of RVI in 2018 became higher: 37.6% versus 16.9% in 2020
(chi-square test, P < 0.05). Then we compared the detection rates
of individual non-SARS-CoV-2 RVI in the same periods in 2018 and
2020 (Table 1). Detection rates of hRV, hAdV, PIV 3, and hBoV
were significantly higher in 2018 compared with 2020. However,
the detection rate of hMPV was greater in 2020 (chi-square test,
all P <0.05). The incidence of bacterial-viral coinfections did not
differ significantly between 2018 and 2020.

Age distribution of patients infected with non-SARS-CoV-2
respiratory viruses before and during the COVID-19 pandemic

We assessed the age distribution of patients hospitalized with
ARI in 2018 and 2020. A significant increase in the age of chil-
dren having RVI was observed during the SARS-CoV-2 pandemic
(the median age was 1 year [IQR 0.75-2] in 2018 vs 3 years [IQR
1-5] in 2020) (Mann-Whitney test, P < 0.001).

We compared the prevalence of respiratory viruses in different
age groups before and during the pandemic. Higher rates were ob-
served in 2018 compared with 2020 in patients up to 3 years of
age, but in patients older than 3 years, the rates were lower (chi-
square test, P <0.0001) (Table S1).

There was a significant increase in the proportion of children
older than 3 years with an hRV infection in 2020 compared with
2018 (46.4% vs 12.9%) (chi-square test, P <0.01). The group of in-
fants made 14.3% of patients with hAdV infection in 2018, whereas,
in 2020, most patients represented the group of 3-7 years of age,
and there were no cases in infants. The same trend was observed
in the case of PIV 4 and hBoV infections. In both cases, patients
aged 1-3 years prevailed in 2018, and patients aged 3-7 years were
seen more in 2020 (Fig. 1).

The prevalence of SARS-CoV-2 infection in children in the autumn of
2020

A total of 287 cases of SARS-CoV-2 infection were identified of
864 patients hospitalized with symptoms of ARIs. Bacterial coin-
fections, represented by C. pneumoniae or M. pneumoniae, were de-
tected in 7.7% of cases of COVID-19. SARS-CoV-2 was co-detected
with another respiratory virus in 3.1% of cases, whereas non-SARS-
CoV-2 respiratory virus coinfections were detected in 6.5% (chi-
square test, P = 0.1082). There were both viral and bacterial coin-
fection in 1 case of COVID-19.
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Figure 1. Age distribution of patients infected with non-SARS-CoV-2 respiratory viruses before and during the SARS-CoV-2 pandemic
* Including all non-SARS-CoV-2 respiratory viruses (RSV, hMPV, hAdV, hBoV, hRV, PIV 1-4, hCoV [NL63/229E] hCoV [HKU-1/0C 43])

Age distribution of patients with SARS-CoV-2 infection

The age distribution of patients with SARS-CoV-2 infection was
significantly different from other RVI registered in 2020. The me-
dian age of patients with non-SARS-CoV-2 RVI was 3 years [IQR 1-
5] versus 10 years [IQR 2-15] in patients with SARS-CoV-2 (Mann-
Whitney test, P < 0.001). Approximately 85% of patients infected
with respiratory viruses were infants and children younger than 7
years (Table 2), whereas more than 66% of cases of SARS-CoV-2
infection occurred in children older than 7 years. Moreover, the
number of detected infections increased with age (Fig. 2). It is
worth noticing that SARS-CoV-2 accounted for 88.9% of the total
number of viruses identified in children older than 7 years versus
43.3% in children younger 7 years (chi-square test, P < 0.05). More
than 93% of cases of RVI were detected in children younger than 7
years in 2018.

Clinical characteristics of patients with SARS-CoV-2 infection

The most common symptoms of COVID-19 in children were
fever, cough, runny nose, and fatigue (Fig. 3). Fever duration of
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7 days or more was observed in 25.9% of cases. Anosmia was
noted in 10.2% of cases, however, it is difficult for young children
to present such complaints. Gastrointestinal manifestations were
a common symptom of COVID-19 (overall 20.9%), vomiting was
noted in 6.7%, diarrhea and abdominal pain in 7.1%. Upper respi-
ratory tract symptoms were detected more often than lower respi-
ratory tract symptoms (60.8% vs 31%) (chi-square test, P < 0.0001).
The median duration of illness with SARS-CoV-2 was 14 days [IQR
10-18] versus 11 days [IQR 8-15] for non-SARS-CoV-2 RVI (Mann-
Whitney test, P < 0.001).

There was no significant difference in the frequency of ICU ad-
mission in children with SARS-CoV-2 and other RVI (2.7% vs 2.9%).
The median age in COVID-19 patients who required ICU admission
was significantly higher than in patients with non-SARS-CoV-2 RVI
(13 years [IQR 12; 16] versus 9 months [IQR 2;11]) (Mann-Whitney
test, P < 0.05). Importantly, there was not a single case of severe
SARS-CoV-2 infection in children younger than 8 years. All patients
younger than 8 years who required ICU admission were tested pos-
itive for other RVI (hRV 75% and PIV 4 25%).

In this study, no significant differences were found when com-
paring complete blood count data from patients infected with
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Table 2
The incidence of various respiratory virus infections in children younger than 7 years and older than 7 years in 2018 and
2020 2018 2020

hCoV
HKU-
1/
hMPV hAdV hBoV hRV PIV 3 PIV 4 ocC Total
RSV (%) (%) (%) (%) (%) (%) (%) 43(%) PIV2 No. (%)
Age n=0 n=1 n=21 n=>5 n=39 n=12 n=9 n=1 n=1 n=89
<7 0.0 1.2 229 6.0 43.4 14.5 10.8 0.0 1.2 93.3
>7 0.0 0.0 333 0.0 50.0 0.0 0.0 16.7 0.0 6.9
hCoV
HKU- SARS-
hMPV hAdV hBoV hRV PIV 3 PIV 4 1/0C Cov-2 Total
RSV (%) (%) (%) (%) (%) (%) (%) 43(%) n=287 No. (%)
Age n=1 n=26 n=32 n=6 n=54 n=2 n=17 n=20 (%) n=445
<7 0.4 9.2 12.2 2.5 17.7 0.4 7.1 7.1 433 54.0
>7 0.0 1.9 1.5 0.0 5.8 0.5 0.0 1.5 88.9 46.0
40
= 34.8 34.8 = SARS-CoV-2
X .
< _ B Other viruses
e 30 27.5
Q
g 22.0
< 20"
5] 15.8
14.6
.2 12.9 12.2
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Figure 2. Age distribution of patients with SARS-CoV-2 and other respiratory virus infections in 2020
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Figure 3. Clinical manifestations of SARS-CoV-2 infection
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SARS-CoV-2 + M. pneumoniae + C.
pneumoniae

SARS-CoV-2 + M. pneumoniae or C.
pheumoniae

SARS-CoV-2

SARS-CoV-2 + hRV

SARS-CoV-2 + virus without hRV
*  Non-SARS-CoV-2 viruses

Figure 4. The duration of illness in COVID-19 patients with and without coinfections
* Statistically significant (Mann-Whitney test, P < 0.05)

SARS-CoV-2 and other respiratory viruses (Table S2). Lymphocyto-
sis in 38.0% and neutropenia in 21.6% were most often observed in
patients with COVID-19, which is typical for the clinical course of
viral infections. Leukocytosis was observed in 12.5%, neutrophilia
in 10.6%, and increased CRP levels were noted in 12.9% of patients
with SARS-CoV-2 infection. We noted a low incidence of leukope-
nia 4.3% and lymphopenia 2.4%, which was significantly less than
previously described (Ma et al., 2021).

Coinfections in patients with COVID-19

Bacterial or viral coinfections in patients with COVID-19 were
detected in 32 cases (11.1%): 22 cases were represented by bacte-
rial pathogens (7.7%), 9 cases were associated with one of the res-
piratory viruses (3.1%), and there was also 1 case of simultaneous
bacterial and viral coinfection (0.3%). Respiratory virus coinfections
comprised 6.5% of all non-SARS-CoV-2 RVI.

Viral coinfections with SARS-CoV-2 were represented by hRV
(33.3%), hCoV (HKU-1/0C 43) (33.3%), hMPV, PIV 3 and PIV 4 (11.1%
each). The median age of patients with viral coinfections was 1
year [IQR 0.7-2.5], whereas, in patients with only SARS-CoV-2, it
was 11 years [IQR 3-15] (Mann-Whitney test, P < 0.01). Viral coin-
fections were not characterized by a more severe course of the
COVID-19. There were no cases of ICU admission, and the dura-
tion of the illness, except for the case of coinfection with hRV, was
lower than that in patients with only SARS-CoV-2: 10 [IQR 5.5-
12.5] versus 14 [IQR 10-18] (Mann-Whitney test, P < 0.05) (Fig. 4).
There was a tendency for a longer duration of the illness in coin-
fection with hRV compared with other viral coinfections. The me-
dian duration of illness in patients with SARS-CoV-2 and hRV coin-
fections was 18 days (IQR 8-23), whereas in patients with other vi-
ral coinfections the median was 10 days (IQR 5.5-12), respectively.
However, this difference was not significant (Mann-Whitney test,
P = 0.1786), probably owing to the small number of cases.

SARS-CoV-2 and hRV showed significantly lower than expected
co-detection rates during co-circulation. In addition, a significant
negative association was found between SARS-CoV-2 and hAdV,
SARS-CoV-2, and hMPV (Table 3).

In patients with COVID-19 bacterial coinfections occurred in
22 cases overall: with M. pneumoniae (40.9%) and C. pneumoniae
(31.8%), both pathogens occurred in 27.3% of cases. The median
age of patients with bacterial coinfection was 12 years [IQR 7.5-
15]. Cases of bacterial coinfection were associated with a more se-
vere course of COVID-19. Patients with SARS-CoV-2 and antibody
positivity for M. pneumoniae and/or C. pneumoniae had a longer
median duration of illness than patients infected only with SARS-
CoV-2 (M. pneumoniae 18 days [IQR 16-23], C. pneumoniae 16 days

Table 3
Expected versus observed co-detections with SARS-CoV-2, September 28, 2020, to
November 25, 2020

Expected Observed Chi-square test,
Virus co-detections co-detections P value
hRV 18 4 0.0029*
hAdV 11 0 0.0009*
hMPV 9 1 0.0112*
hCoV HKU-1/0C 43 7 3 0.2046
PIV 4 6 1 0.0583
hBoV 2 0 0.1571
PIV 3 1 1 >0.9999

* Differences are statistically significant (chi-square test, P < 0.05).The expected
number of coinfections was defined as the product of the prevalence of virus 1
and the prevalence of virus 2, multiplied by the total sample size. Then, we used
the chi-square test (significance threshold, P <0.05) to assess whether there was a
significant difference between the actual and expected number of coinfections.

[IQR 14-17], both bacteria 14.5 days [IQR 10.5-16] vs 14 days [IQR
10-18] for SARS-CoV-2 mono-infection). Bacterial coinfection with
COVID-19 led to ICU admission in 26% of cases (SARS-CoV-2 mono-
infection 2.7% (chi-square test, P < 0.0001). The median age of pa-
tients with bacterial coinfections who required ICU admission was
15 years [IQR 12.5-15.2].

Asthma and COVID-19 severity in children

An association between the COVID-19 severity and the pres-
ence of bronchial asthma remains unknown. In our study, 8 pa-
tients infected with SARS-CoV-2 were diagnosed with bronchial
asthma. The median duration of illness in patients with asthma
was 14 days [IQR 11.25-18.75], the same as in patients with COVID-
19 without asthma. The incidence of pneumonia also did not differ
significantly from the group of patients without bronchial asthma.
In addition, no cases required ICU admission in children with
bronchial asthma. There were no cases of bronchial asthma in chil-
dren with other respiratory viruses.

Association between obesity and COVID-19 severity in children

Body mass index (BMI) was classified according to the World
Health Organization (WHO) centile tables into the following cate-
gories: underweight (from —1 SD to —3 SD), healthy weight (Nor-
mal), and overweight (from +1 SD to +3 SD) (World Health Orga-
nization (WHO), 2021).

There was a tendency for an increase in the median duration
of illness depending on the BMI; with a normal BMI, the median
duration of disease in COVID-19 patients was 14 days, whereas, in
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Table 4

Association between obesity and COVID-19 severity in children
BMI N Median duration of illness (days) median [IQR] % ICU? % LRTD"
3 SD 8 20 [8.25-22.75] 25.0%" 37.5%
2 SD 17 16 [11.50-19.50] 0.0% 35.0%
1SD 37 15 [10.00-16.50] 5.4% 37.8%
Normal 133 14 [10.00-17.50] 1.5% 26.3%
-1SD 30 11.5 [7.00-19.50] 0.0% 26.6%
-2 SD 12 12.5 [11.00-17.00] 0.0% 41.6%
-3 SD 5 13 [10.50-15.50] 0.0% 40.0%

2 Intensive care unit
b Lower respiratory tract diseases

* Statistically significant difference from normal BMI (Chi-square test, P < 0.05).

patients with increased BMI from +1 SD to +3 SD, it became 15,
16 and 20 days, respectively. The percentage of ICU admissions also
increased from 1.5% at normal BMI to 5.4% at +1 SD and 25% at +3
SD. Lower respiratory tract diseases (LRTD) were also more com-
mon in overweight children 35—37.8% versus 26.3% than in chil-
dren with normal body weight (Table 4).

The group of underweight children should be considered sep-
arately. The duration of the illness in all underweight groups was
lower than that in the normal-weight group (11.5-13 days vs 14
days). In all cases of COVID-19 in underweight children, no cases
were requiring ICU admission. However, the groups —2 SD and -3
SD BMI had the highest percentage of LRTD 40—41.6% versus 26.3%
in the group of children with normal body weight.

Discussion

According to the health care authorities, the incidence of ARI in
the population ranged from 19,505 to 21,664 per 100,000 people
in Russia during the past 10 years (Federal Service for Surveillance
on Consumer Rights Protection and Human Wellbeing. 2021:131
November 10, 2021). The ARI incidence in children was on aver-
age 2.8 times higher than the incidence in the total population. In
2020, owing to the COVID-19 pandemic, there was a significant in-
crease in the incidence of ARI compared with the previous year (by
11.5%) and the long-term average incidence—by 8.8%. Our study,
which was carried out at the Children’s City Clinical Hospital in
Moscow, where the overwhelming majority of children with ARI
symptoms in the city were hospitalized, shows a similar increase
in the ARI incidence in children.

Previous studies have shown that a respiratory virus pandemic
can affect circulation, age distribution, and other properties of sea-
sonal RVI (Meningher et al., 2014; Navarro-Mari et al., 2012), and
several studies have provided evidence of respiratory virus in-
teractions during circulation (Anestad, 1987; Arden et al., 2020;
Casalegno et al., 2010; Nickbakhsh et al., 2019; Wu et al., 2020).
Our study demonstrates the impact of the SARS-CoV-2 infection
pandemic on the prevalence of other RVI and age distribution of
children hospitalized with ARIs and presents clinical features of
COVID-19 in children in Moscow, Russia, during the autumn wave
of the COVID-19 pandemic in 2020 (Fig. S1).

We noted a significant decrease in the frequency of detection
of non-SARS-CoV-2 RVI in hospitalized children with symptoms
of ARIs in the period from September 2020 to November 2020
compared with the same period of 2018 in Russia. This is consis-
tent with the data presented in the United Kingdom (Poole et al.,
2020). The main reason for the decrease in the detection rate of
seasonal RVI was likely connected to the restrictive measures that
were taken during the COVID-19 pandemic.

Another possible reason for the decreased detection of non-
SARS-CoV-2 RVI could be the interactions between the respira-
tory viruses themselves. Previously, in some studies, it was shown
that respiratory viruses could affect the spread of other viruses.
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For example, it was shown that rhinoviruses delayed the circu-
lation of the pandemic influenza A (HIN1) 2009 virus in France
(Casalegno et al., 2010). Our research demonstrates that interfer-
ence is possible between SARS-CoV-2 and hRV, hAdV, and hMPV.
This conclusion is based on a comparison of actual and expected
rates of co-detection of SARS-CoV-2 and other respiratory viruses.
The exact mechanism of viral interference is not fully understood,
but there are several proposed explanations for this phenomenon,
including competition of viruses for the host cell entry receptors
and resources and the induction of innate immune response by
another virus (Agrawal, 2019; Pinky and Dobrovolny, 2016; Schultz-
Cherry, 2015; Wu et al., 2020).

During the COVID-19 pandemic, we noted a change in the spec-
trum of seasonal RVI. There was a higher prevalence of hMPV in
2020, whereas hRV, PIV 3, hAdV, and hBoV prevailed in 2018. In-
terestingly, during the 2009 influenza A (HIN1) pandemic, there
was also an increase in the prevalence of hMPV in young children
(Meningher et al., 2014).

We have shown an increase in the age of children with RVI dur-
ing the pandemic. If, in 2018, the median age of patients was 1
year, in 2020, it was 3 years. The changes were seen also in the
distribution of seasonal RVI by age. There was a trend toward an
increase in the age of children who had RVI during the COVID-19
pandemic compared with the previous period. There was a signifi-
cant increase in the proportion of older children infected with hRV,
hAdV, PIV 4, and hBoV.

SARS-CoV-2 prevailed in all RVI detected in 2020. The median
age of patients with COVID-19 was significantly higher than that of
patients with seasonal RVI. It was noted that most of the COVID-
19 cases occurred in children older than 7 years, and, at the same
time, the detection rate increased with age. Interestingly, SARS-
CoV-2 made up 88.9% of the total number of viruses identified in
children older than 7 years.

We observed a milder course of COVID-19 in children,
compared with the disease severity seen in adult patients
(Docherty et al., 2020; Poole et al., 2020; Richardson et al., 2020).
In all patients with COVID-19, only 4.5% required ICU admission,
and there were no lethal outcomes recorded. At the same time, it
was noted that the severe clinical course of COVID-19 mainly oc-
curred in children older than 11 years, and there was not a single
case of requiring ICU admission in infants, which contradicted the
previous review reporting more severe clinical courses in infants
than in older children (Yasuhara et al., 2020). In the present study,
a severe clinical course of ARI in infants has been associated with
hRV and PIV 4. Diseases of the upper respiratory tract were de-
tected more often than the diseases of the lower respiratory tract
in children with SARS-CoV-2 infection. The main clinical manifesta-
tions were fever, cough, fatigue, and runny nose, which was consis-
tent with other studies (Castagnoli et al., 2020; Mehta et al., 2020).

Bacterial and viral coinfections can have a serious impact on
the severity of the disease. During the 2009 influenza A pandemic,
there was a high percentage of bacterial coinfections in patients
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who had a severe illness and died (Joseph et al.,, 2013). In addi-
tion, previous studies have shown that coinfection of SARS-CoV-2
with the influenza virus can lead to a significant increase in the
severity of the disease and mortality (Lai et al., 2020; Sarkar et al.,
2021). Currently, there are no reliable data on the increase of
severity of the disease when SARS-CoV-2 is co-detected with non-
influenza respiratory viruses. In our study, the frequency of detec-
tion of bacterial and viral coinfections in patients infected with
SARS-CoV-2 was consistent with the data of the previous review
(Lansbury et al., 2020). Viral coinfections occurred mainly in young
children and the disease was mild. Moreover, we found that the
duration of illness, except for the case of coinfection with hRV, was
lower than in patients with only SARS-CoV-2. Bacterial coinfections
with SARS-CoV-2 were more common in older children and were
seen in 26% of cases with a severe clinical course requiring ICU
admission.

Recent studies in adults have shown that the severity of the
disease increases with increasing BMI in patients with COVID-19
(Kompaniyets et al., 2021; Simonnet et al., 2020). In our study, an
association between increased BMI and ICU admission rate was ob-
served in children with COVID-19, which was exemplified by the
fact that 25% of +3SD BMI patients required ICU. In addition, obese
children had a longer duration of the illness and more often had
LRTD. The duration of illness in children with a BMI below normal
was shorter than in children with a normal BMI, and there were no
cases of severe COVID-19 requiring ICU admission. However, this
group was characterized by the highest incidence of LRTD. How-
ever, a small number of patients did not allow this to be statisti-
cally confirmed.

According to some reports, asthma may increase the risk of
a more severe clinical course of COVID-19 (asthma.org.uk. shield-
ing advice high risk 2021 April 15, 2021; CDC, 2020; Hartmann-
Boyce et al., 2021; Skevaki et al., 2020; Williamson et al., 2020).
In our study, there was no difference in the severity of disease be-
tween patients with and without bronchial asthma. Duration of ill-
ness, frequency of ICU admission, and the incidence of pneumonia
did not differ significantly between the groups. This may be due to
the constant use of inhaled glucocorticosteroids, which is associ-
ated with a lower risk of severe COVID-19 in people with bronchial
asthma (Bloom et al., 2021; Finney et al., 2021).

Conclusion

The COVID-19 pandemic led to a significant decrease in the de-
tection rate of non-SARS-CoV-2 RVI and changed the age distribu-
tion of hospitalized children with ARIs during the autumn peak of
the pandemic, compared with the same period of 2018. There was
no significant difference in the frequency of ICU admission in chil-
dren with SARS-CoV-2 and other RVI (2.7% vs 2.9%). There were no
cases of the severe clinical course of COVID-19 in infants. The se-
vere clinical course of ARI in infants has been associated only with
hRV and PIV 4, thereby, physicians should be vigilant when these
viruses are detected in samples from young children. The possibil-
ity of interference between SARS-CoV-2 and hRV, hAdV, and hMPV
has been shown in this study. An increase in BMI and bacterial
coinfections leads to an increased risk of ICU admission and a
longer duration of COVID-19 in children.
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