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Objective: This meta-analysis aimed to assess the prevalence of respiratory viruses among children under
the special conditions of the COVID-19 pandemic.

Methods: Five databases were systematically searched to assess the pooled prevalence of various res-
piratory viruses in different age groups, regions, seasons, and in patients with and without confirmed
SARS-CoV-2 coinfection. Moreover, we looked at the virus distribution in the first and second half of

Keywords: the pandemic and countries with distinct economic status. Preferred Reporting Items for Systematic Re-
Epidemiology views and Meta-Analysis (PRISMA) guidelines were followed, and the systematic review was registered
Children on PROSPERO (CRD42022379297).
Respiratory viruses Results: Enterovirus/rhinovirus and human respiratory syncytial virus (HRSV) were the most prevalent
Prevalence . . . .
Pandemic pathogens among children. The prevalence of HRSV increased in the second half of the pandemic. The
prevailing viruses vary according to the SARS-CoV-2-coinfection status, season, region, and country$ eco-
nomic status.
Conclusion: This meta-analysis shows the epidemiology of respiratory viruses other than SARS-CoV-2 in
children aged O to 12 years during the COVID-19 pandemic. Because major events, such as a pandemic,
can alter epidemiology patterns, it is important to know them to improve health education measures,
develop vaccines and medicines for vulnerable groups, as a guide for prevention strategies, and help
with clinical decisions.
© 2023 The Authors. 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/)
Introduction closure of educational institutions, mandatory quarantine, stay-

On March 11, 2020, the World Health Organization (WHO) de-
clared COVID-19 a pandemic [1]. To prevent further spread of the
virus many countries introduced public health measures such as
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at-home restrictions, and personal protective equipment like face
masks [2]. Due to similar transmission routes, it seems plausible
to assume that these measures also influenced the spread and dis-
tribution of other viruses.

Respiratory viral infections represent a leading cause of pedi-
atric morbidity and mortality around the globe [3,4]. However,
unusual for respiratory infections, children were less severely af-
fected by SARS-CoV-2 than adults [5]. Therefore, this systematic
review and meta-analysis assessed the distribution of respiratory
viruses in the context of the COVID-19 pandemic to examine how
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SARS-CoV-2 may have changed the spectrum of respiratory viruses
among children. In particular, we looked at the prevalence in dif-
ferent geographic regions, in age groups, and during the seasons of
the year.

Our results can help to understand current infection patterns,
especially under the specific conditions of the pandemic. In addi-
tion, our findings may be useful as a basis for clinical decision-
making and a guide for prevention strategies for children in future
outbreaks.

Methods

For this systematic review and meta-analysis, we followed
the Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) guidelines (2020) [6] and developed a proto-
col, published under the registration number CRD42022379297 on
PROSPERO.

Search strategy and selection criteria

The databases PubMed, The Cochrane Library, Embase, Scopus,
and Web of Science were systematically searched for studies pub-
lished between 1 November 2019 and 1 March 2023 in English,
German, or Spanish language by two independent researchers (LD,
MS) on 1 March 2023. The search terms consisted of four concepts
including different combinations of terms related to: “epidemiol-
ogy”, “respiratory viruses”, “children” and “pandemic”.

Additional search included inspecting reference lists of pre-
viously published studies and systematic reviews and a manual
Google search with terms like: “influenza”, “HRSV”, “children”,
“COVID-19 pandemic”, “surveillance”, “nonpharmaceutical inter-
ventions”, “prevalence” and was carried out on 3 March 2023. A
detailed search strategy description is available in Supplementary
Tables S1 and S2.

All studies identified by database and manual searches were
listed by author, year, title, journal, and DOI and duplicates were
removed through manual screening. Four independent reviewers
(LD, MS, HK, DD) screened the titles and abstracts for the eligibility
process. The full text of the studies that passed the first screening
process were screened by five reviewers (LD, MS, HK, DD, KD). Dis-
crepancies were identified and addressed based on consensus deci-
sion by the reviewers. The studies had to meet the following inclu-
sion criteria: a test was performed for at least one respiratory virus
except SARS-CoV-2, extractable data for children (12 years old or
less), at least part of the data was collected after November 2019
and the studies report primary data with a minimum number of
50 participants. A more detailed description of the PICOS can be
found in Supplementary Table S3.

Data extraction

Before data extraction, the included studies were screened for
possible data overlap by sorting them using study location and au-
thor. For a suspected overlap, a reviewer (LD) contacted the au-
thors for more detailed information. In cases where a data overlap
was confirmed by the author or could not be excluded, one of the
studies in question was excluded from the analysis. The detailed
decision-making process is shown in Supplementary Table S4.

Two reviewers (LD, MS) performed data extraction from all in-
cluded studies using a predefined form to extract the following
data: title, author, publication date, journal, study type, location,
study sites, number of participants, time period, season, testing
method, symptoms, comorbidities, gender distribution of partici-
pants, age of participants, number of tests and test results, SARS-
CoV-2-coinfection status. Authors were contacted if important in-
formation or data were missing.
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Nomenclature and definitions

Terms and abbreviations for virus species are defined accord-
ing to the International Committee on Taxonomy of Viruses [7].
The seasonal division was determined by the meteorological peri-
ods (Northern Hemisphere: winter includes December to February,
spring March to May, summer June to August, autumn September
to November, Southern Hemisphere: winter includes June to Au-
gust, spring September to November, summer December to Febru-
ary, autumn March to May). The hemispheres are classified ac-
cording to the World Population Review organization [8]. The geo-
graphic regions are based on the WHO definition [9].

First and second half of the SARS-CoV-2 pandemic were de-
fined according to our search period in November 2019 to June
2021 (first half) and July 2021 to March 2023 (second half). The
classification of the countries’economic status follows the defini-
tion of the World Bank Atlas method, calculating gross national in-
come (low-income economies are defined as those with a gross
national income of $1085 per capita or less in 2021, lower-middle-
income economies with a gross national income between $1086
and $4255, upper middle-income economies between $4256 and
$13,205 and high-income economies with $13,205 or more) [10].

Risk of bias assessment

Risk of bias assessment was performed by two reviewers (LD,
MS) independently using the Newcastle-Ottawa Quality Assess-
ment Scale (NOS) for cross-sectional studies [11] and for cohort
studies [12]. According to their score, the studies were ranked in
low (<5 points), moderate (5-7 points), and high (>7 points) qual-
ity studies. The points can be achieved in the categories of selec-
tion, comparability, and outcome.

For the quality of evidence assessment, the Grading of Recom-
mendations, Assessment, Development, and Evaluations (GRADE)
method was used by two independent authors (LD, MS) to rate the
domains’ risk of bias, imprecision, inconsistency, indirectness, and
publication bias for the main outcome [13].

Outcomes

The main outcome was the pooled prevalence of various respi-
ratory viruses during the SARS-CoV-2 pandemic. We analyzed the
epidemiology of the viruses in different age groups, geographical
regions, seasons and in patients with and without a SARS-CoV-
2-coinfection. We also assessed the virus distribution in the first
and second half of the pandemic and in countries with low, lower-
middle, upper-middle, and high-income.

Statistical analysis

Statistical analysis was performed with the R Core Team (ver-
sion 4.1.3) software [14] and “meta” and “metafor” packages were
used [15]. Heterogeneity between studies was evaluated using
I2 statistic. In all models, meta-analysis was performed using
the random-effects regression approach. We used “metaprop” to
estimate the pooled effects of the prevalence. For each virus, we
separately performed meta-analysis using different age groups of
participants, SARS-CoV-2-coinfection status, regional and season
of the year, and time distribution. We pooled studies using the
inverse method and the logit-transformation approach was used
to estimate the pooled prevalence with the Clopper-Pearson 95%
confidence intervals (CIs). In the forest plots, we summarized
results from the pooled effect estimates of the prevalence and pre-
cision measures. Funnel plots were used to inspect the distribution
of studies, and quantitative assessment of publication bias was
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performed using EggerS regression test [16]. Statistical significance
was set at P <0.05.

Results
Database search and screening

The database search yielded 14,906 studies, of which 6673 were
identified as duplicates. The additional search, including manual
internet search on Google and literature search using references
of previously published, resulted in nine additional studies. Based
on the title and abstract screening of the remaining 8233 studies,
564 studies were selected for full-text reading. Relating to prede-
fined exclusion criteria, 486 studies were excluded. Most frequent
reasons for exclusion were the age of the study population, the
study period, and the missing number of performed tests in the
age group of interest (See Supplementary Table S5). A total of 78
studies were included in the meta-analysis. [Supplementary refer-
ences 1-78] (Figure 1).

Characteristics of included studies

All included studies can be categorized as observational studies,
with cross-sectional studies being the most common study type
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(35/78). In total, 45 were single-centered studies, whereas 33 were
performed in multiple centers. The studies were conducted in 33
different countries and one in an international setting. The Eu-
ropean region was the best represented (35/78) followed by the
Western Pacific region (22/78). An overview of the proportion of
the different countries and region are shown in Figure 2. Most of
the examined countries were high-income economies (45/78), 26
were upper-middle-income economies, four lower-middle, and two
lower-income economies.

Viral testing was performed using polymerase chain reaction
(PCR) in most studies, and rapid antigen testing in 14 studies. The
testing specimens were nasopharyngeal swab/washing/aspirate,
oropharyngeal swab, bronchoalveolar lavage, lung puncture as-
pirate, and tracheal or bronchial aspirate. Most of the included
studies researched patients with acute respiratory symptoms,
and only one study analyzed asymptomatic patients exclusively.
Patients with confirmed SARS-CoV-2 infection were screened for
viral coinfection in six studies. The larger proportion of studies
were conducted in the first half of the pandemic (Supplementary
Figure S1).

Most tests were performed for influenza virus (IV) (306,323
subjects), followed by human parainfluenza virus (HPIV) (281,614)
and human respiratory syncytial virus (HRSV) (193,254).

[ Identification of studies via databases and registers ]
)
Records identified from:
g Databases (n=14,906):
E= Pubmed (n=2,694) .
g The Cochrane Library (n=635) Recqrds removed before screfnmg.
E Embase (n=5,266) —»| Duplicate records removed (n=6,673)
5 Scopus (n=4,093)
o Web of Science (n=2,218)
Manual research (n=9) *
—
() A
Records excluded by title/abstract
—> screening
Records screened by title/abstract (n=7,669)
(n=8,233)
= Records excluded by full text
= screening (n=486) **
$ A 4
5 1.Full text not available (n=16)
(7] 2.Wrong language (n=22)
f 3.Viral infection was not assessed by
Re;cords screened by full text specific testing (n=7)
(n=564) 4.Wrong age group (n=136)
5.Wrong pathogens (n=1)
6.Wrong time period (n=48)
7.Less than 50 (n=19)
8.0ther reasons (n=66)
More than one reason (n=166)
— . Duplication/overlap of data (n=5)
) A
i L . )
% Studies included in review
3 (n =78)
3]
=
—

Figure 1. PRISMA flow diagram
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Number of studies from each region

[l African Region: 5

- Region of the Americas: 11

[] South East Asian Region: 3

] European Region: 35

[ Eastern Mediterranean Region: 1
[[] Western Pacific Region: 22
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Figure 2. Proportion of WHO regions and countries among all included studies, except for one that was conducted in an international setting. The legend shows the number

of studies performed in each region.

Only one study tested for Middle East respiratory-syndrome-
related coronavirus (MERS-CoV) (93), human cytomegalovirus
(HCMV) (93), and herpes simplex virus (HSV) (93).

The risk of bias assessment was performed using the NOS for
cross-sectional studies and cohort studies. For 22 studies the qual-
ity was rated as high and 56 were graded as moderate. The charac-
teristics of all included studies are summarized in Supplementary
Table S6.

Overall pooled prevalence

The analysis showed that enterovirus/rhinovirus (EV/RV)
(26.06%, 95% CI: 21.59-31.09%) and HRSV (24.19%, 95% CI: 20.48-
28.33%) were the most prevalent viruses since the beginning
of the pandemic in the pediatric age group. The prevalence of
HPIV (5.82%), human bocavirus (HBoV) (5.28%), seasonal human
coronavirus (HCoV) (4.47%), human adenovirus (HAdV) (3.65%) and
IV (3.41%) was distinctly lower. Human metapneumovirus (HMPV)
(2.90%) was the least frequent virus (Figure 3A). The quality of
evidence was rated as moderate for IV, HCoV, HAdV, EV/RV, and
HMPV and low for HPIV, HRSV, and HBoV, based on GRADE (See
Supplementary Table S7).

For the various virus subtypes, influenza A (IAV) was found to
be more frequent than influenza B (IBV). Among the HPIV species,
HPIV-3 was most common. Looking at the prevalence of HCoV, hu-
man coronavirus NL63 (HCoV_NL63) was the most prevalent virus
subtype (Figure 3B).

Prevalence in the first and second half of the pandemic

When comparing the prevalence of different viruses in the
first and second half of the pandemic, it is noticeable that EV/RV
(30.03%, 95% CI: 20.56-41.58%) was the most prevalent virus in the
first half and HRSV (56.15%, 95% Cl: 37.42-73.27%) in the second.
Overall, the prevalence of IV, HRSV, and HMPV increased, while
that of HPIV, HAdV, and EV/RV decreased (Figure 4, Supplementary
Figure S2).
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The test of subgroup differences showed statistically significant
results for IV, HAdV, and HRSV.

Age group distribution

Looking at the different age groups, children from O to 1 year
old were the most affected by respiratory viruses. In this age
group, the most prevalent pathogen was EV/RV (35.83%, 95% CI:
23.39-50.52%), closely followed by HRSV (35.22%, 95% CI: 27.12-
44.26%). This age group was less affected by IV and HAdV, which
were more prevalent in the older age groups (Figure 5A). IAV oc-
curred more frequently than IBV in both age groups (Figure 5B).

For the age group of 7 to 12 years old, we could only include
two studies that investigated IV, but the prevalence of IV in both
studies was remarkably high (32.63%, 95% CI: 28.89-36.61%).

If we are looking at the infants only and divide them into the
age groups of 0 to 3 months and 4 months to 1-year-old chil-
dren, we saw that the IV and HRSV prevalence was higher in the
4 months to 1-year-old population (0-3 months: IV 0.27%, 95% CI:
0.03-2.19%, HRSV 11.41%, 95% CI: 4.81-26.69%, 4 months to 1 year:
IV 3.78%, 95% CI: 0.29-34.38%, HRSV: 22.18%, 95% CI: 13.86-33.55%)
(Supplementary Figure S3). The statistical analysis showed that the
difference in prevalence between the age groups was statistically
significant for IV, HPIV, HRSV, and HMPV (P <0.01).

Viral coinfections in SARS-CoV-2 patients

The analysis found no statistically significant correlation be-
tween pooled prevalence and SARS-CoV-2-coinfection status, ex-
cept for HBoV (P <0.01). For HPIV, HAdV, HBoV, and HMPV the
prevalence was higher in the group with confirmed SARS-CoV-2-
infection. HCoV and HRSV were more frequent in the non-COVID
group. EV/RV had the highest prevalence in both groups (COVID-
19-coinfection group: 25.82%, 95% Cl: 10.09-51.90%, non-COVID-
19 group: 26.84%, 95% Cl: 22.21-32.04%). The prevalence of both
groups can be found in Supplementary Figure S4.
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A

Virus catego # subjects
= (# studies)
Enterovirus / rhinovirus 34550 (36)

Human respiratory syncytial virus 193254 (57)

Human parainfluenza virus 281614 (30) HiH
Human bocavirus 7677 (14) -
Seasonal human coronaviruses 14736 (20) HaH
Human adenovirus 84365 (32) HH
Influenza virus 306323 (44) HH

Human metapneumovirus 27167 (23) HH
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Pooled prevalence (%) Heterogeneity

[95% Cl] (I-Squared)  P-value

—a— 26.06 [21.59; 31.09] 99% <0.01
—a— 24.19[20.48; 28.33] 99% <0.01
5.82[4.51;7.48] 99% <0.01

5.28 [3.68; 7.50] 85% <0.01

4.47[3.16; 6.30] 93% <0.01

3.65[2.60; 5.11] 98% <0.01

3.41[2.46;4.72] 100% <0.01

2.90 [2.02; 4.14] 93% <0.01

I T T T T

0 25 5 75 10 125 15 17.5 20 225 25 27.5 30 32
Pooled prevalence (%)

B

Virus catego # subjects
a9y (# studies)
Influenza viruses
Influenza A virus 279052 (23) o
Influenza B virus 204397 (22) H—
Human parainfluenza viruses
Human parainfluenza virus 3 10562 (11) ——
Human parainfluenza virus 4 1303 (6) —-—
Human parainfluenza virus 1 9691 (8) H—

Human parainfluenza virus 2 7880 (5) -—

Pooled prevalence (%) Heterogeneity

HCoVs
HCoV NL63 847 (5) k -
HCoV OC43 1265 (6) —a—
HCoV 229E 245 (3) -
HCoV HKU1 148 (2) -

[95% CI] (I-Squared) P-value
2.43[1.74; 3.37] 99% <0.01
1.39 [0.90; 2.15] 99% <0.01
4.86 [2.82; 8.23] 95% <0.01
1.14 [0.44; 2.94] 56% 0.04
0.96 [0.30; 3.01] 93% <0.01
0.36 [0.06; 2.01] 78% <0.01

4 6.04 [2.57; 13.54] 82% <0.01
2.10[0.82; 5.24] 79% <0.01
0.84 [0.21; 3.31] 0% 0.93
0.69[0.10; 4.73] 0% 0.79

T e T T T Tl

T

T [ T T i ]

0123456 7 8 91011121314
Pooled prevalence (%)

Figure 3. Pooled prevalence of respiratory viruses during the pandemic. A: Pooled prevalence of different respiratory viruses. B: Pooled prevalence of different virus species.

Regional distribution

Studies from the African region (AFR) showed the highest
prevalence for most viruses. EV/RV, in particular, had a prevalence
of 41.41% (95% Cl: 27.59-56.73%). The least frequent virus in this
region was HCoV (3.00%, 95% CI: 0.74-11.32%).
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In the region of the Americas (AMR) EV/RV (33.88%, 95% CI:
21.36-49.15%) was the most frequently detected pathogen followed
by HRSV (21.00%, 95% CI: 13.78-30.67%). The lowest prevalence in
this region was HMPV (1.16%, 95% CI: 0.63-2.14%).

In the South-East Asian region (SEAR) the highest prevalence
had HRSV (38.38%, 95% Cl: 34.85-42.04%). Compared to the other
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Virus categor # subjects Pooled prevalence (%) Heterogeneity Subgroup
gory (# studies) [95% Cl] (I-Squared)  diff. (P-value)

Influenza virus 0.01
First 61274 (24) M 2.30 [1.21; 4.36] 99%
Second 1056 (4) m—] 7.49[3.87; 14.01] 75%

Human parainfluenza virus 0.16
First 13779 (15) | 4.76 [2.89; 7.73] 96%
Second 529 (3) ] 2.86 [1.73; 4.69] 0%

Human adenovirus 0.03
First 48305 (20) | = 4.33 [2.63; 7.06] 98%
Second 529 (3) - 1.37[0.53; 3.50] 29%

Human respiratory syncytial virus <0.01
First 62953 (29) ] 12.12[7.81; 18.33] 99%
Second 14107 (8) | L | 56.15 [37.42; 73.27] 99%

Enterovirus / rhinovirus 0.07
First 13286 (20) f—a— 30.03 [20.56; 41.58] 99%
Second 1116 (4) —a— 14.08 [6.22; 28.82] 95%

Human metapneumovirus 0.67
First 6872 (13) |m 2.64 [1.56; 4.44] 88%
Second 529 (3) | 3.30[1.38; 7.70] 57%

T
0

TTT T T T T T T T T T T T I T T T T T I I rrrrITl
5 10 15 20 25 30 35 40 45 50 55 60 65 70 74

Pooled prevalence (%)

Figure 4. Pooled prevalence of respiratory viruses for which more than two studies were available for the first and second half of the pandemic.

regions SEAR had the highest IV prevalence (15.47%, 95% CI: 6.53-
32.41%).

In the European region (EUR) HRSV (33.55%, 95% Cl: 26.95-
40.85%) and EV/RV (25.96%, 95% Cl: 21.12-31.45%) were the most
frequently detected viruses, while IV (2.89%, 95% CI: 1.48-5.59%)
was the least detected one. The predominant subtype was IAV
(2.31%, 95% CI: 0.76-6.83%, IBV: 0.96%, 95% CI: 0.42-2.22%).

In the Western Pacific region (WPR) the highest prevalence was
EV/RV (23.60%, 95% CI: 9.31-48.18%). The least detected virus was
HAdAV (1.99%, 95% Cl: 1.02-3.83%). Influenza A and B were almost
equally prevalent (IAV: 1.68%, 95% CI: 1.19 2.36, IBV: 1.38%, 95% ClI:
0.73-2.60%).

There are no comparable results for the Eastern Mediterranean
region (EMR).

The test for subgroup differences in the distribution of the
prevalence of the viruses was significant for 1V, IAV, IBV, HPIV-3,
HAdV, HRSV, EV/RV, and HMPV (Supplementary Figure S5).

Distribution in countries with different country economic status

Subgroup analysis of countries with different economic sta-
tus showed that IV had a higher prevalence in low-income
economies (LIE) and low-middle-income economies(LMIE) (LIE:
6.53%, 95% Cl: 5.54-7.68%, LMIE: 10.31%, 95% CI: 3.88-24.66%) than
in upper-middle economies (UMIE) and high-income economies
(HIE), (UMIE: 2.38%, 95% CI. 1.43-3.93%, HIE: 3.16%, 95% CI. 1.64-
6.01%). In UMIE EV/RV (30.95%, 95% CI: 21.41-42.45%) was most
prevalent and in HIE HRSV (30.54%, 95% CI: 25.44-36.16%) had the
highest prevalence.

Statistically significant association between the country eco-
nomic status of the countries and the viral prevalence was found
for 1V, IAV, IBV, HAdV, EV/RV, and HMPV (Supplementary Figure
S6).
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Seasonal distribution

Comparing the seasons of the year, the test for subgroup dif-
ferences showed a statistically significant difference between the
prevalence of viruses for subjects with IV, HCoV, HAdV, HRSV, and
EV/RV.

Studies showed that in the winter the most prevalent virus
was IV (50.43%, 95% CI: 18.50-82.01%), while HRSV (11.99%, 95%
Cl: 4.26-29.43%) and EV/RV (10.73%, 95% CI: 1.95-42.08%) were less
common during this season. In spring and summer, EV/RV (spring:
16.60%, 95% CI: 5.15-42.18%, summer: 47.01%, 95% CI: 29.21-65.61%)
had the highest prevalence. HRSV was most detected in autumn
with a prevalence of 54.89% (95% CI: 31.70-76.13%) (Supplementary
Figure S7).

Discussion

Our meta-analysis demonstrated a high prevalence of respira-
tory viruses besides SARS-CoV-2 in children up to 12 years of age
during the COVID-19 pandemic. Overall, EV/RV (26.06%) and HRSV
(24.19%) were the most common pathogens, while HMPV (2.90%)
had the lowest prevalence. Other studies have already reported
high EV/RV prevalence during the pandemic and found that so-
cial distancing measures in schools did not adequately prevent the
transmission of human rhinovirus (HRV) [17]. The HRSV activity
changed during the pandemic. At the beginning of the pandemic
and with the introduction of infection control interventions a de-
crease in HRSV activity was seen, but the relaxation of measures
in 2021 was accompanied by HRSV return [18]. This fits with our
results showing that the prevalence of HRSV increased from 12.12%
in the first half to as high as 56.15% in the second half of the pan-
demic.

The age group analysis showed that children from 0 to 1 year
old were the most affected by respiratory viruses, especially by
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Figure 5. Virus prevalence across age groups.
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Age (y)

A: Pooled prevalence of different respiratory viruses in three age groups (0-1 year, 2-6 years, 7-12 years).

Abbreviations: 1V, influenza virus; HCoV, seasonal human coronavirus; HPIV, human parainfluenza virus; EV/RV, enterovirus/rhinovirus; HRSV, human respiratory syncytial
virus; HBoV, human bocavirus; HMPV, human metapneumovirus; HAdV, human adenovirus.

B: Pooled prevalence of different respiratory virus species in two age groups (0-1 year; 2-6 years).

Abbreviations: 1AV, influenza A virus; IBV, influenza B virus; HPIV-1, human parainfluenza virus 1; HPIV-3, human parainfluenza virus 3.

Due to the data situation, not all viruses are shown in all age groups.

EV/RV and HRSV. IV and HAdV were detected least frequently. One
possible explanation could be that young children probably did
not fully benefit from prevention measures, as face masks were
not recommended among children under one year of age. [Sup-
plementary references 24] Studies suggest that the possibility ex-
ists that the viral interference between influenza and SARS-CoV-2
could have led to the decrease in influenza infections [19]. Another
explanation for the low IV prevalence in the age group 0 to 1 year
could be the protection by maternal antibodies, which defend in-
fants of vaccinated mothers [20].

Because of the high number of EV/RV and HRSV infections, an
important question is how infections can be prevented to avoid as-
sociated morbidity. Especially for vulnerable children such as pre-
mature infants, the most important components are hygiene, pas-
sive immunization, and breastfeeding. In the future, it is likely that
other preventive measures will be added, such as active immu-
nization of children or maternal vaccination during pregnancy [21].
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Older children can protect themselves through hygiene measures
like hand washing or disinfection, which also reduce the likelihood
of transmission [22].

The subanalysis of the SARS-CoV-2-coinfection group and the
non-coinfection group found no statistically significant correlation
between pooled prevalence and SARS-CoV-2-coinfection status, ex-
cept for HBoV. There is no clear direction on whether one of the
groups has a higher risk for respiratory viral infection. Especially
rhinoviruses were equally frequent in both groups. However, stud-
ies have shown that particularly young children are more often af-
fected by coinfection [Supplementary references 12],[23].

The regional distribution showed that EV/RV had the highest
prevalence in AFR, AMR, and WPR while HRSV was the most com-
mon virus in EUR and SEAR. We had no comparable results for the
EMR due to the low number of published studies from this region.
The differences in the distribution of other viruses could be related
to different timing of the pandemic depending on the geographi-
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cal location and the non-uniform introduction of infection control
measures.

The subanalysis of differences in viral distribution in countries
with various country economic statuses revealed a higher IV preva-
lence in LIE and LMIE. An explanation could be that the seasonal
influenza vaccination has not yet been adopted by most LIE and
LMIE [24]. Furthermore, the implementation of public health mea-
sures and availability of test kits in LIE and LMIE may be insuffi-
cient.

When considered over the entire pandemic period, most viruses
have maintained their usual seasonal distribution patterns among
children, with HRSV being most prevalent during the autumn and
IV during the winter season, while EV/RV showed the highest ac-
tivity during the spring and summer [25].

A meta-analysis [26] including 186 articles examining the
prevalence of viruses in children with community-acquired pneu-
monia up to 18 years of age between 1995 and 2019 showed the
highest prevalence for HRSV 22.7% (95% CI: 20.9-24.5%) and HRV
22.1% (95% Cl: 19.5-24.7%). The prevalence of both viruses is a lit-
tle lower than those found in our analysis during the pandemic.

Another meta-analysis [27] that included 42 studies on the
topic of children up to 18 years old with acute respiratory tract in-
fection assessed the viral and bacterial prevalence before and dur-
ing the COVID-19 pandemic. The period before the pandemic cov-
ered from 2010 to 2020 revealed the following prevalence: HRV
16.98% (95% CI: 10.42-24.62%), HRSV 11.12% (95% CI: 8.78-13.7%), IV
8.85% (95% CI: 5.04-13.59%), HPIV 5.36% (95% CI: 4.49-6.31%), HAdV
4,66% (95% Cl: 2.78-7.0%), HBoV 4.2% (95% Cl: 2.89-5.74%), HMPV
2.41% (95% CI: 1.42-3.64%), HCoV 2.4% (95% CI: 1.66-3.26%). Worth
noting here are the higher IV prevalence and lower HCoV preva-
lence in the prepandemic period compared to our results. HRV and
HRSV are also the leading viruses here but with lower prevalence
than in our analysis.

A meta-analysis [28] that focused on children under 2 years of
age with bronchiolitis, examined the prevalence between 2019 and
2020 and included 50 studies. Here, HRSV (59.17%, 95% Cl: 54.66-
63.6%) and HRV (19.29%, 95% CI: 16.67-22.04) were the most fre-
quently detected viruses, followed by HBoV 8.23% (95% CI: 5.65-
11.24%), HAdV 6.08% (95% CI: 4.37-8.03%), HPIV 5.39% (95% CI:
3.78-7.26%), HMPV 5.38% (95% Cl: 4.4-6.44%), IV 3.17% (95% CI:
2.17-4.34%), HCoV 2.91% (95% Cl: 1.96-4.03%). In these studies, too,
a lower HCoV prevalence is noticeable compared to the pandemic
period.

Nevertheless, we should highlight that the inclusion criteria dif-
fer from those in our analysis and comparisons should be made
with caution.

Strengths and limitations

This systematic review and meta-analysis is subject to several
strengths and limitations. One strength of our review is that we
looked at almost the entire pandemic period and due to this large
period, we had the opportunity to analyze seasonal changes. Fur-
thermore, we only included studies that used molecular testing
methods for virus detection to ensure that the correct virus was
assigned to the infection. The large number of studies from the
database search allowed us to screen and include many studies to
create an accurate representation of the pandemic period.

The limitations of this review were that we included studies
with almost exclusively symptomatic patients, which may have in-
fluenced the observed prevalence of respiratory viruses. Includ-
ing only symptomatic patients does not allow us to draw robust
conclusions on the prevalence in the general population and may
rather represent a distribution of the viruses that cause symp-
tomatic infection. Moreover, the different viral testing methods
used could differ in sensitivity and specificity and may be var-
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ied in their ability to detect infections, which may have affected
the observed prevalence. Third, we could not include in our anal-
ysis data such as vaccination status, comorbidities, and gender
due to the lack of reporting them among original studies. In ad-
dition, the regional distribution of the studies was inconsistent
therefore some countries are well represented and some not at
all. The different seasons were only considered over the entire
period, but the prevalence might have differed in the different
years. In some subanalysis we could only include a few stud-
ies and the risk of publication bias could not be excluded for all
viruses.

Conclusion

In conclusion, EV/RV and HRSV showed the highest preva-
lence among all respiratory viruses in children aged 12 years and
younger during the pandemic. The time course analysis showed
an increase in HRSV in the second half of the pandemic pe-
riod. Most affected were children younger than 1 year of age. Pa-
tients with and without SARS-CoV-2-coinfection were both predis-
posed to other respiratory viral infections. The prevailing viruses
vary according to geographic region and economic status of the
country. Considering the whole period, the seasonal character-
istics of the viruses have remained the same compared to the
prepandemic era.

Our results provide an overview of the distribution of respira-
tory viruses in children since the beginning of the pandemic. Even
though the WHO has declared an end to COVID-19 as a public
health emergency, the topic remains highly relevant. Other respi-
ratory viruses are increasingly coming to the forefront and SARS-
CoV-2 is a virus that circulates and can have an impact on the
spectrum of respiratory pathogens. At least some of the measures
introduced during the COVID-19 pandemic may be taken up again
in future pandemics or new SARS-CoV-2 outbreaks, and it is, there-
fore, important to know how other viruses behave under such
measures.

To confirm our observations and to explain some findings such
as the virus distribution in different age groups, further research
and studies are needed.
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