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Abstract

Background: Several individual studies from specific countries have reported rising numbers of pediatric COVID-
19 cases with inconsistent reports on the clinical symptoms including respiratory and gastrointestinal symptoms as
well as diverse reports on the mean age and household exposure in children. The epidemiological characteristics of
COVID-19 in children are not fully understood, hence, comprehensive meta-analyses are needed to provide a better
understanding of these characteristics.

Methods: This review was conducted in Medline, Scopus, Cochrane library, Embase, Web of Science, and published
reports on COVID-19 in children. Data were extracted by two independent researchers and a third researcher resolved
disputes. STATA software and the random-effect model were used in the synthesis of our data. For each model, the
heterogeneity between studies was estimated using the Q Cochrane test. Heterogeneity and publication bias were
calculated using the I? statistic and Egger's/Begg’s tests.

Results: The qualitative systematic review was performed on 32 articles. Furthermore, the meta-analysis estimated an
overall rate of involvement at 12% (95% Cl: 9-15%) among children, with an 12 of 98.36%. The proportion of household
exposure was calculated to be 50.99% (95% Cl: 20.80%-80.80%) and the proportion of admitted cases was calculated
to be 45% (95% Cl: 24%-67%). Additionally, the prevalence of cough, fatigue, fever and dyspnea was calculated to be
25% (95% Cl: 0.16-0.36), 9% (95% Cl: 0.03-0.18), 33% (95% Cl: 0.21-0.47) and 9% (95% Cl: 0.04-0.15), respectively. It is
estimated that 4% (95% Cl: 1-8%) of cases required intensive care unit admission.

Conclusions: The pediatric clinical picture of COVID-19 is not simply a classic respiratory infection, but unusual
presentations have been reported. Given the high incidence of household transmission and atypical clinical presenta-
tion in children, we strongly recommend their inclusion in research and population-based preventive measures like
vaccination as well as clinical trials to ensure efficacy, safety, and tolerability in this age group.
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Background

COVID-19 is a highly contagious viral illness which
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to enter human cells, and ACE2 is found in a variety
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of organs across the body [1, 2]. An increasing body of
research implies that asymptomatic and pre-sympto-
matic cases of severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) may significantly contribute to
its spread (COVID-19) [3]. SARS-CoV-2 can infect peo-
ple of all ages and could have long-term consequences
for human health. It has a long incubation time, high
infectivity, atypical clinical signs, and a significant fatal-
ity rate in elderly adults [4, 5]. Although the epidemiol-
ogy of COVID-19 in adults has been extensively studied,
our understanding of the prevalence and consequences
of COVID19 in children remains limited. The majority of
children infected with SARS-CoV-2 show minimal infec-
tion according to an extensive analysis of pediatric cases
[6, 7]. Pediatric patients have been suggested as asympto-
matic reservoirs of COVID-19 with their burden barely
understood due to the mild and asymptomatic nature of
the disease [2, 3, 8]. Despite these, few investigations have
concentrated on the epidemiological and clinical aspects
of pediatric COVID-19 [5].

With current immunization methods focusing mainly
on adults, the pediatric population remains vulnerable to
COVID-19 infection [9]. Though the unrelenting efforts
of scientists have provided the first oral antiviral (Mol-
nupiravir), which has been approved and shows a sig-
nificant reduction in hospitalization or mortality in mild
COVID-19 cases with good safety and tolerability profile
in adults, there is little to insufficient data on pediatric
cases [10, 11]. Hence, it is critical to be prepared for new
waves in terms of pediatric protection and infection con-
trol. This could be enhanced by a comprehensive exami-
nation of existing pieces of evidence showing illness
transmission trends, as well as distinctive and consistent
epidemiological aspects of the infection [4, 9, 12].

Previous studies have reported some unique character-
istics in pediatric COVID-19 cases such as lower mortal-
ity rate, longer incubation period, and longer respiratory
and fecal shedding with high RNA load (83%) [13]. Fur-
thermore, potential comorbidities and coinfections par-
ticularly in children, have a critical presentation, with
infants younger than 6 months having a substantially
higher risk of critical illness [2, 14]. Numerous published
articles describe children being infected as part of fam-
ily clusters [13, 15-21], but limited data exists to appraise
the cumulative percentage of household exposures before
the diagnosis of COVID-19 in children [4]. Exploring
these records in any meta-analysis on COVID-19 is of
paramount importance.

Hence, this study will attempt to delineate the rate of
pediatric involvement in COVID-19, demographic fea-
tures of the affected children, the proportion of severe
cases, and the rate of household exposure as well as
future recommendations on pediatric COVID-19 cases
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based on current epidemiological evidence. It will fur-
ther address the aspect of clinical presentation, whether
affected children present with symptoms of classic viral
pneumonia or rather present with gastrointestinal (GI)
manifestations.

Methods

Overview

This systematic review and meta-analysis were per-
formed per the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) checklist [22]. The
completed PRISMA checklist for the current review is
available in the supplementary file.

Search strategy and selection process

We conducted an extensive search in Medline (indexed
by PubMed), Embase, Scopus, Cochrane library, and Web
of Science databases on published studies from Janu-
ary 20, 2020 until April 30%, 2021. Two independent
researchers (EV. and P.S.) performed a primary search
simultaneously, and in cases of difference in opinion,
they referred back to the selection protocol. If the dis-
pute remained, a third individual (MSY) made the final
decision. Keywords included (Pediatric OR children OR
child) AND (COVID-19 OR SARS-COV-2). A revisit to
the database was conducted by the first author at 9 AM
on May 10™ 2021. Furthermore, our data were scruti-
nized by checking the Worldometer reports [23] and
their sources. This investigation included only articles
written in English. The process of study selection is fully
reported with a PRISMA flow diagram in Fig. 1 of the
final report.

Eligibility criteria

This study includes peer-reviewed published studies
from January 20%, 2020 until April 30, 2021, including
registries [15-17, 24-28], cross-sectional observational
studies and case series [13, 18, 29—-34], and case reports
[19-21, 35-43], which reported children (0-19 years
old) affected by SARS-COV-2. Specifically, we included
the original and peer-reviewed English papers fulfilling
the eligibility criteria in the final report. The following
records were excluded in the present study;

« Review articles, editorials, commentaries, opinions,
or any studies with no original data.

+» Ongoing projects (e.g., articles discussing the pro-
tocol of a future study, papers in preprint servers,
etc.)

+ Non-human (e.g., animal and laboratory) studies.

+ Duplicated results in databases.
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Fig. 1 PRISMA flowchart for search strategy

Furthermore, relevant references to the included stud-
ies were annexed. For countries with no relevant pub-
lished studies, available national registry data were used.

Critical appraisal

Cross-sectional observational studies that met the afore-
mentioned criteria underwent bias assessment using the
Newcastle—Ottawa Quality Assessment Scale (NOS)
(Supplementary Table 1 and Fig. 1) [44]. The highest
score (which is 16) shows the highest quality of a study
considering clear goals, representativeness of the sam-
ple, sufficient and justified sample size, having defined
the status of the non-respondents, ascertainment of the
exposure, high comparability, and independent assess-
ment of outcome with the use of appropriate statistical

tests. Studies with a NOS score of 5 or less were excluded
from the meta-analysis.

Outcomes

The main outcomes of interest included a proportion of
children among the total infected population, mean age
and sex ratio among infected children, and percentages
of different clinical symptoms. In addition, the propor-
tion of children with household exposure before diag-
nosis and the proportion of admitted/severe cases were
extracted. Severe cases were defined as those who were
admitted into the hospital/intensive care unit with at
least SpO2<94%, those who had multiple organ failure,
septic shock, and respiratory failure.
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Statistical analysis

Meta-analysis was conducted utilizing metaprop and
metan commands in STATA software version 15.0 Stata-
Corp, College Station, TX. Forest plots were used to
show the point and interval estimation of studies and the
overall estimation of all studies. For numeric variables,
the mean and standard error were used for the meta-
analysis. Median or Mid-range was used instead of mean
if it was not available. In most of the studies, standard
deviation (SD) was reported and standard error was esti-
mated by SP / /m formula. For those studies that reported

range or interquartile range, SD was estimated by divid-
ing the range by 2 and the interquartile range by 1.35, and
thereafter, the standard error was estimated from SD.

Publication bias was evaluated for meta-analyses on
10 papers or more, by using Egger’s, Begg’s tests. P-val-
ues of 0.05 or less were considered significant. Further-
more, publication bias funnel plots for analysis of the
proportion of pediatric cases and mean age were drawn
(Fig. 2).

Heterogeneity was assessed statistically using the
standard Chi-square test. The random-effect model was
used and for each model, the heterogeneity between
studies was estimated using the Q Cochrane test. Also,
the intensity of heterogeneity was calculated using the I
statistic.
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Results

Study selection

A total of 671 studies were identified after the primary
search, of which 224 were removed due to duplication
and other reasons. Titles and abstracts of 447 papers
were then checked for their eligibility for this study and
134 articles were excluded (Non-English Text (1), Review
articles about the infection (62), Erratum: (2), Irrelevant
to our study (68), and no full text (1)). Full texts of 308
published articles and 5 available national registry data
on pediatric COVID-19 were studied, which resulted in
the exclusion of 281 more articles (Fig. 1). The qualitative
systematic review was performed on 32 articles. We did
not import low-quality articles, fortunately, we did not
have any. Analytically, 27 articles were of good quality
79.4% and the other 7 articles were Fair 20.6%.

Study characteristics

Egger’s, Begg’s tests both showed no significant publica-
tion bias for the estimated proportion of pediatric cases
(p=0.105 and 0.449, respectively). Publication bias fun-
nel plots for analysis of the proportion of pediatric cases
and mean age are shown in Figs. 2a and b. Heterogeneity
assessed by I” values for the proportion of pediatric cases
(childhood corona and 0-9 years old), the proportion of
male cases, and mean age is depicted in each of the cor-
responding forest plots (Figs. 3a, b, c and d).
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Fig. 3 Combined Forest Plots for epidemiologic features of COVID-19 in children

Prevalence of children’s cases involvement and estimated
mean age

The proportion of pediatric cases has been reported in
18 publications (Fig. 5a). The meta-analysis estimated an
overall rate of involvement at 12% (95% CI: 9-15%) among
children, with an I? of 98.36%. Moreover, the meta-anal-
ysis estimated an overall proportion of male cases and
mean age of 38% (95% CI: 24-53%) and 9.83 years (95%
CI: 8.67-10.98), respectively (Figs. 3c and b).

Household exposure and disease severity

The proportion of household exposure was calculated to
be 50.99% (95% CI: 20.80%—80.80%) among the five stud-
ies that reported household exposure (Fig. 5b). The pro-
portion of admitted cases was calculated to be 45% (95%
CIL: 24%—-67%) among the 18 studies that reported the
proportion of admitted cases (Figs. 4a and 4b). Hetero-
geneity (I?) statistic was 99.66% and 99.75%, respectively.

Characteristics

The prevalence of comorbidity was estimated to be 31%
(95% CI: 0.16-0.48) according to the meta-analysis. The
prevalence of cough, fatigue, fever and dyspnea was
calculated to be 25% (95% CI: 0.16-0.36), 9% (95% CI:
0.03-0.18), 33% (95% CI: 0.21-0.47) and 9% (95% CI:
0.04-0.15), respectively (Figs. 6a, b, ¢, d and e). Fur-
thermore, the meta-analysis estimated the prevalence
of diarrhea, headache, rhinorrhea, sore throat and vom-
iting to be 6% (95% CI: 0.03-0.10), 9% (95% CI: 0.05—
0.15), 13% (95% CI: 0.06-0.22), 7% (95% CI: 0.14-0.22)
and 7% (95% CI: 0.02-0.14), respectively (Figs. 7a, b, ¢
and d). Lastly, it is estimated that 4% (95% CI: 1-8%)
of cases required Intensive Care Unit (ICU) admission
according to the studies analyzed (Fig. 4a).

Comment

Principal findings

Considering the proportion of children in the general
population [24, 27], this in-depth review shows a low
rate of SARS-COV-2 infection in children. The novel
coronavirus affects both sexes similarly. There is an
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Fig. 5 Forest plot for the proportion of pediatric COVID-19 cases and household exposure

estimated high rate of household exposure and cross
infection among family members, however, children
have less chance of getting a severe form of the disease.

Strengths of the study

In this extensive review of the literature, pooled data of
743,763 infected patients were extracted by a systematic
approach to collate the individual estimates reported
from 4 continents all around the globe which gives a
clear picture of the pandemic in the pediatric population.
Potent statistical methods for meta-analysis with STATA
software support our results.

Discussion

This study aimed at describing the COVID-19 epidemio-
logical characteristics in pediatric patients. The knowl-
edge of COVID-19 in pediatric patients has improved
exponentially since the inception of the disease in
2019 and so was cases. In the current investigation, we
included a total of 671 studies from the primary search
and effectively conducted a qualitative systematic review
on 32 articles of which 27 (79.4%) articles were of good
quality, with no significant publication bias. We found
that the overall prevalence rate of COVID-19 among
pediatric patients was 12% (95% CI: 9-15%). The fre-
quency of pediatric COVID-19 increased to 19.0% as of
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7 April 2022 in the US [45]. Moreover, this study found
a higher prevalence of COVID-19 among female pediat-
ric patients than males (38% (95% CI: 24—53%)), contrary
to other studies which reported male dominance, such
as Al Mansoori et al. (50.3%) [46], Dong Y et al. (56.6%)
[47], and Armin S et al.(59.4%) [48]. The mean age of our
population was 9.83 years while other studies reported
a mean of 5.3 years [48]. Such variations may emanate
from differences in study population and location. How-
ever, our population had a median age of 7 years, with a
range from birth to 16 years, which was similar to pre-
vious studies [46, 47], indicating that children of all ages
may be susceptible to COVID-19.

Our study found 50.99% of household exposure among
the eight studies that reported household exposure. A
previous investigation by Cheng-Xian et al. found that
family clustering was a major (66%) transmission route

for pediatric COVID-19 [49]. This study showed a high
rate of household exposure before diagnosis in children
later infected with COVID-19 (Fig. 5b) and bears an epi-
demiological significance indicating homes as the pri-
mary source of COVID-19 transmission in this period.
However, Zhang C et al. (2020) found no direct evidence
in their study regarding the transmission from chil-
dren to adults [50]. Regardless, the risk of family cluster
transmission from asymptomatic children should not be
downplayed but be considered in policymaking for epi-
demic control. Moreover, preventive measures should
be observed especially by family clusters of infections.
High-risk children such as the family members of the
confirmed cases, should take protective measures, may
be recommended to take mineral supplements, high pro-
tein diets, fruits, and also pay attention to child psycho-
logical protection and intervention, as well as the living
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environment, etc. In addition, this study showed that
children are more likely to present with diarrhea than
adults, on top of respiratory symptoms and fever. Consid-
ering the high household rate of COVID-19 exposure for
children, physicians are encouraged to investigate more
into the family history and contacts of the child present-
ing with symptoms. It also signifies the importance of
social-distancing the infected household members from
children as a preventive measure.

As in all previous investigations, fever and cough were
the main symptoms that could be associated with gas-
trointestinal symptoms such as nausea, vomiting, and
diarrhea, and other symptoms like sore throat, dizzi-
ness, headache, and myalgia. The prevalence of cough,
fatigue, fever, and dyspnea were 25%, 9%, 33%, and 9%
respectively. Our study found the prevalence of cough
(25%) between other studies which recorded 32.4% [49],
(62%) [50], (67%) [51] and 19% [52]. Previously, Haiyan Q
et al. reported a fever prevalence of 36% among pediatric
patients [52], while other studies found 77.9% [49], (76%)
[50], and (78%) [51] but the current study (33%) was
below the average. Other prevalence parameters found
through meta-analysis were diarrhea, headache, rhinor-
rhea, sore throat and vomiting to be 6% (95% CI: 0.03—
0.10), 9% (95% CI: 0.05-0.15), 13% (95% CI: 0.06—0.22),
7% (95% CI: 0.14-0.22) and 7% (95% CIL: 0.02-0.14),

respectively. Gastrointestinal symptoms were mainly
diarrhea (6%) and vomiting (7%) which were lower than
previous studies vomiting (12%) [50] and diarrhea (12%)
[50]. Headache was only prevalent in 9% of our study,
however, some studies such as (57%) [51], report this
symptom as major for pediatric COVID-19. Lastly, it is
estimated that 4% (95% CI: 1-8%) of cases required ICU
admission according to some studies.

Since many children do not show the classic picture of
viral pneumonia, physicians must have a high level of sus-
picion not to miss COVID-19 in a child. Moreover, there
have been some reports of unusual clinical presentations
such as skin rash [16] and neurologic symptoms (upward
gaze and spastic limbs) [20]. Given the different respira-
tory and GI presentations, and inconsistent reports of
unusual presentations, a global registry is required, simi-
lar to what was done for pediatric cancers, and since the
low rate of infection in children and lack of registry are
serious limitations on the way of understanding disease
characteristics in children.

Considering the high household rate of COVID-19
exposure for children, physicians are encouraged to
investigate more into the family history and contacts of
the child presenting with symptoms. It also signifies the
importance of social distancing the infected household
members from children. We were unable to perform a
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meta-analysis on the duration of incubation period or
shedding of the virus in children but there are reports
[1, 53] that both are longer in children about 6.5 days.
Indeed, an undiagnosed child with COVID-19, in addi-
tion to being at risk of getting the severe form of the
disease, could act as a significant source of infection
transmission to others. Thus, we recommend policymak-
ers emphasize standard infection control precautions and
safety measures during this pandemic, such as physical
distancing, wearing a mask, room ventilation, avoiding
crowds, handwashing, and coughing into a bent elbow or
tissue among children during home and schooling.

COVID-19 cases in children showing a systemic
inflammatory syndrome have been reported in at least
8 states in the US (including California, Delaware, Loui-
siana, Massachusetts, New Jersey, New York, and Penn-
sylvania as well as Washington, D.C.) [54]. Currently, it is
not known why children usually show mild to moderate
forms of infection and only rarely present with cytokine
storm syndrome [55]. Various hypotheses exist like fewer
travels, less exposure to people (especially at the begin-
ning of the pandemic), clearer respiratory tracts with
better pathogen clearance compared to adults, fewer
comorbidities, and strong innate and weaker adaptive
immune defenses [56].

Fever is a prominent sign of both Kawasaki Disease
(KD) and COVID-19 infection. Due to the COVID-19
pandemic, the first differential diagnosis to have in mind
in a child with fever is probably COVID-19 infection or
its combination. There are a few reports on this subject
[57, 58]. KD is a rare disease with an estimated preva-
lence of 0.10% among children younger than 5 years old
[59]. Its diagnosis is very important and missing it could
result in complications like Coronary Artery Aneurysms
(CAA). The recommendation is to be always suspicious
of KD in a febrile child, especially if younger than a year
old. If KD is diagnosed, intravenous immunoglobulin
treatment should be immediately started, preferably in
the first 7 days from the onset of fever [57, 58]. In the
published literature only one case of COVID-19 infec-
tion in an infant with classic KD signs has been reported,
who was discharged with Low-dose Aspirin pending
further cardiologic evaluation [57]. Most recently, there
have been some worrying reports of a presumed severe
COVID-Kawasaki syndrome in the affected children
from the US, UK, France, Italy, and Spain [60, 61]. It is
believed to be related to poorer outcomes. There have
been reports of 33 COVID-Kawasaki syndromes only in
New York. Considering the low number of patients under
5 years old affected by COVID-19, the risk of Kawasaki
disease likely is enormous. Kawasaki Disease was one
of the first diseases where a strong Human Leukocyte
Antigen (HLA) association was found [62]. Hence, this
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suggests certain HLA-types in children may be more sus-
ceptible to severe forms of SARS-COV-2 infection and
could be an important clue to the etiology of poor prog-
nosis of COVID-19 in this age group.

Limitations of the data

We did not have access to certain published papers. Due
to insufficient data, we were not able to perform a meta-
analysis on some aspects of the disease such as the per-
centage of children with comorbidities, duration of the
incubation period, and some symptoms like abdominal
pain. Our investigation did not include laboratory and
radiographic findings and we recommend future research
into these. Future studies need to be performed on the
COVID-Kawasaki syndrome to determine risk factors for
poor outcomes in children. There is a possibility of publi-
cation bias in some reports, especially for mean age, and
we recommend the creation of a global registry on pedi-
atric COVID-19.

Future recommendations and vaccination priority

in children

This investigation described the characteristics of epi-
demiological characteristics of COVID19 in pediatric
patients. Furthermore, the analyzed data from minors
under the age of 19 shows that they are less prone to
developing severe COVID-19 disease but are equally
at risk of contracting the infection. Similar to previous
investigations, the presentation of SARS-CoV-2 infec-
tion is somewhat different from the adult population.
For example, children have longer incubation and shed-
ding periods than adults, an epidemiological phenom-
enon that places pediatric age groups as potential hosts
of the infection and capable of infecting many people.
This evidence shows that children might be spread-
ers of COVID-19 more than we ever thought, and for
the pandemic to stop, all children should be involved
in mass preventive measures like vaccination pro-
grams, social distancing, and masking. In addition, it is
encouraged to involve children in various clinical trials
for COVID-19 vaccines and drugs to generate sufficient
safety and efficacy profiles for this age group.

Conclusion

Children are not safe from COVID-19 infection. About
37% of those diagnosed will need admission or end up
with a severe form of the disease. The pediatric clini-
cal picture of COVID-19 is not simply a classic res-
piratory infection but unusual presentations have been
reported. Mortality among children with COVID-19
is rare. Given the high incidence, we propose a global
registry on pediatric COVID-19 cases be developed to
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help identify disease characteristics, similar to what
was done previously for pediatric cancer. Considering
the potential of children to act as reservoirs and spread
the coronavirus, we strongly recommend the inclusion
of children in population-based preventive measures
like vaccination as well as clinical trials to ensure effi-
cacy, safety, and tolerability in this age group.

Abbreviations

CAA: Coronary Artery Aneurysms; ICU: Intensive Care Unit; KD: Kawasaki
Disease; MMWR: Morbidity and Mortality Weekly Report; NOS: Newcas-
tle—Ottawa Quality Assessment Scale; RNA: Ribonucleic Acid; SD: Standard
Deviation; CONFIDENCE: Coronavirus Infection in Pediatric Emergency
Departments.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512887-022-03624-4.

Additional file 1: Supplementary Table 1. Quality assessment

of the articles included in the final analysis of the study using the
Newcastle-Ottawa Quality Assessment Scale (NOS). Supplementary
Figure 1. Graphical representation of the quality assessment of included
studies based on checklist items.

Acknowledgements
None.

Authors’ contributions

FV and FY contributed to the conception and design of the study. AK, PS, and
SA screened the retrieved studies. MSY, RM, and MMT analyzed the data. MMT
and RM took the lead in writing the manuscript in consultation with MHN, RL,
and CT. All authors (FV, RL, PS, RM, MMT, AK, SA, FY, CT, MHN, and MSY) read
and approved the final manuscript.

Funding
No funding was received by the authors for the current study.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Orthopedics and Trauma Surgery, Shariati Hospital, and,
School of Medicine, Tehran University of Medical Sciences, Tehran, Iran.
2Center for Orthopedic Trans-Disciplinary Applied Research (COTAR), Tehran
University of Medical Sciences, Tehran, Iran. 3School of Medicine, Tehran
University of Medical Sciences, Tehran, Iran. “Department of Epidemiology
and Biostatistics, School of Public Health, Tehran University of Medical Sci-
ences, Poursina Avenue, Tehran, Iran. *Biomedical Engineering Unit, University
of Ghana Medical Center (UGMC), Accra, Ghana. 6Department of Orthopedic

Page 10 of 11

Surgery, Mayo Clinic, Rochester, MN, USA. “Department of Epidemiology,
Graduate School of Public Health, University of Pittsburgh, Pittsburgh, PA, USA.

Received: 17 April 2022 Accepted: 22 September 2022
Published online: 22 October 2022

References

1. lJiatong S, Langin L, Wenjun L. COVID-19 epidemic: disease characteristics
in children. J Med Virol. 2020,92:747.

2. Wang J, Yuan X. Digestive system symptoms and function in
children with COVID-19: A meta-analysis. Medicine (Baltimore).
2021,100(11):224897.

3. Wood J, Datta D, Hudson BL, Co K, Tepner S, Hardwick E, et al. Prevalence
of asymptomatic SARS-CoV-2 infection in children and adults in Marion
County, Indiana. Cureus. 2020;12(8):e9794.

4. LiB,Zhang S, Zhang R, Chen X, Wang Y, Zhu C. Epidemiological and
clinical characteristics of COVID-19 in children: A systematic review and
meta-analysis. Front Pediatr. 2020;8:591132.

5. Guo CX, Hel, Yin JY, Meng XG, Tan W, Yang GP, et al. Epidemiological and
clinical features of pediatric COVID-19. BMC Med. 2020;18(1):250.

6. Korkmaz MF, Ture E, Dorum BA, Kilig ZB. The epidemiological and clinical
characteristics of 81 children with COVID-19 in a pandemic hospital in
Turkey: an observational cohort study. J Korean Med Sci. 2020;35(25):¢236.

7. Otto WR, Geoghegan S, Posch LC, Bell LM, Coffin SE, Sammons JS, et al.
The epidemiology of SARS-CoV-2 in a pediatric healthcare network in the
United States. J Pediatr Infect Dis Soc. 2020;9:523.

8. Freeman MC, Rapsinski GJ, Zilla ML, Wheeler SE. Immunocompromised
seroprevalence and course of illness of SARS-CoV-2 in one pediatric
quaternary care center. J Pediatr Infect Dis Soc. 2020;10:426.

9. Shah K, Upadhyaya M, Kandre Y, Pandya A, Saraf V, Saxena D, et al. Epide-
miological, clinical and biomarker profile of pediatric patients infected
with COVID-19. QJM. 2021;114(7):476-95.

10. Singh AK; Singh A, Singh R, Misra A. Molnupiravir in COVID-19: A system-
atic review of literaturef. Diabetes Metab Syndr. 2021;15(6):102329.

11. Fischer W, Eron JJ, Holman W, Cohen MS, Fang L, Szewczyk LJ, et
al. Molnupiravir, an Oral Antiviral Treatment for COVID-19. SciTrans| Med.
2022;14(628):eabl7430.

12. Sola AM, David AP, Rosbe KW, Baba A, Ramirez-Avila L, Chan DK. Preva-
lence of SARS-CoV-2 infection in children without symptoms of coronavi-
rus disease 2019. JAMA Pediatr. 2020;175:198.

13. CaiJ, Xu J,Lin D,Yang Z, Xu L, Qu Z, et al. A case series of children with
2019 novel coronavirus infection: clinical and epidemiological features.
Clin Infect Dis. 2020;71:1547.

14. Mannheim J, Gretsch S, Layden JE, Fricchione MJ. Characteristics of hos-
pitalized pediatric COVID-19 cases - Chicago, lllinois, March - April 2020. J
Pediatr Infect Dis Soc. 2020;9:519.

15. Bialek S, Boundy E, Bowen V, Chow N, Cohn A, Dowling N, et al. Severe
outcomes among patients with coronavirus disease 2019 (COVID-19)

- United States, February 12-march 16, 2020. Morb Mortal Wkly Rep.
2020;69(12):343-6.

16. Parri N, Lenge M, Buonsenso D. Children with Covid-19 in pediatric emer-
gency departments in Italy. New Engl J Med. 2020;383:187.

17. Lu X, Zhang L, Du H, Zhang J, Li YY, Qu J, et al. SARS-CoV-2 infection in
children. N Engl J Med. 2020;382(17):1663-5.

18. Denina M, Scolfaro C, Silvestro E, Pruccoli G, Mignone F, Zoppo M, et al.
Lung ultrasound in children with COVID-19. Pediatr. 2020;146:220201157.

19. Kan MJ, Grant LMC, Mufa MA, Greenhow TL. Fever Without a Source in
an Infant Due to Severe Acute Respiratory Syndrome Coronavirus-2. J
Pediatric Infect Dis Soc. 2021;10(1):49-51. https://doi.org/10.1093/jpids/
piaa044.

20. Dugue R, Cay-Martinez KC, Thakur K, Garcia JA, Chauhan LV, Williams SH, et al.
Neurologic manifestations in an infant with COVID-19. Neurol. 2020,94:1100.

21. FanQ PanY,Wu Q, Liu S, Song X, Xie Z, et al. Anal swab findings in an
infant with COVID-19. Pediatr Investig. 2020;4(1):48-50.

22. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis proto-
cols (PRISMA-P) 2015 statement. Syst Rev. 2015;4(1):1.


https://doi.org/10.1186/s12887-022-03624-4
https://doi.org/10.1186/s12887-022-03624-4
https://doi.org/10.1093/jpids/piaa044
https://doi.org/10.1093/jpids/piaa044

Vosoughi et al. BVIC Pediatrics (2022) 22:613

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Worldometer. COVID-19 CORONAVIRUS PANDEMIC: Worldometer; 2020
[updated 01/10/2020; cited 2020 01/10/2020]. Available from: https://
www.worldometers.info/coronavirus/.

Korean society of infectious D. Report on the epidemiological features

of coronavirus disease 2019 (Covid-19) outbreak in the republic of korea
from january 19 to march 2, 2020. J Korean Med Sci. 2020;35(10):e112.
Korean society of infectious diseases and Korea centers for disease
control and prevention. Analysis on 54 mortality cases of Coronavirus
disease 2019 in the Republic of Korea from January 19 to March 10, 2020.
J Korean Med Sci. 2020;35(12):e132.

JiT, Chen HL, Xu J, Wu LN, Li JJ, Chen K, et al. Lockdown contained

the spread of 2019 novel coronavirus disease in Huangshi city, China:
Early epidemiological findings. Clin Infect Dis : Publ Infect Dis Soc Am.
2020;71:1454.

CDC COVID-19 response team. Coronavirus disease 2019 in children -
United States, February 12-April 2, 2020. MMWR Morb Mortal Wkly Rep.
2020,69(14):422-6.

LiuW, Zhang Q, Chen J, Xiang R, Song H, Shu S, et al. Detection of
Covid-19in Children in Early January 2020 in Wuhan. China N Engl J Med.
2020;382(14):1370-1.

Kim ES, Chin BS, Kang CK, Kim NJ, Kang YM, Choi JP, et al. Clinical Course
and Outcomes of Patients with Severe Acute Respiratory Syndrome Coro-
navirus 2 Infection: a Preliminary Report of the First 28 Patients from the
Korean Cohort Study on COVID-19. J Korean Med Sci. 2020;35(13): e142.
LiuW, Wang J, LiW, Zhou Z, Liu S, Rong Z. Clinical characteristics of 19
neonates born to mothers with COVID-19. Front Med. 2020;14:193.

Su L, Ma X, YuH, Zhang Z, Bian P, Han Y, et al. The different clinical charac-
teristics of corona virus disease cases between children and their families
in China - the character of children with COVID-19. Emerg Microbes
Infect. 2020,9(1):707-13.

XuY, Li X, Zhu B, Liang H, Fang C, Gong Y, et al. Characteristics of pediatric
SARS-CoV-2 infection and potential evidence for persistent fecal viral
shedding. Nat Med. 2020;26(4):502-5.

Xu'YH, Dong JH, An WM, Lv XY, Yin XP, Zhang JZ, et al. Clinical and com-
puted tomographic imaging features of novel coronavirus pneumonia
caused by SARS-CoV-2. J Infect. 2020;80(4):394-400.

Zhu H,Wang L, Fang C, Peng S, Zhang L, Chang G, et al. Clinical analysis of
10 neonates born to mothers with 2019-nCoV pneumonia. Trans| Pediatr.
2020;9(1):51-60.

Chan JFW, Yuan S, Kok KH, To KKW, Chu H, Yang J, et al. A familial cluster
of pneumonia associated with the 2019 novel coronavirus indicating
person-to-person transmission: a study of a family cluster. The Lancet.
2020;395(10223):514-23.

Han MS, Seong MW, Heo EY, Park JH, Kim N, Shin S, et al. Sequential analy-
sis of viral load in a neonate and her mother infected with SARS-CoV-2.
Clin Infect Dis. 2020;71:2236.

Kam KQ, Yung CF, Cui L, Lin Tzer Pin R, Mak TM, Maiwald M, et al. A well
infant with coronavirus disease 2019 (COVID-19) with high viral load. Clin
Infect Dis. 2020;71:847.

Paret M, Lighter J, Pellett Madan R, Raabe VN, Shust GF, Ratner AJ.

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
Infection in Febrile Infants Without Respiratory Distress. Clin Infect Dis.
2020;71(16):2243-5. https://doi.org/10.1093/cid/ciaa452.

ShiY,Wang X, Liu G, Zhu Q Wang J, Yu H, et al. A quickly, effectively
screening process of novel corona virus disease 2019 (COVID-19) in
children in Shanghai China. Ann Trans Med. 2020;8(5):241.

Tian S, Hu N, Lou J, Chen K, Kang X, Xiang Z, et al. Characteristics of
COVID-19 infection in Beijing. J Infect. 2020;80(4):401-6.

LiuY, Jiang Y, Xu L, Qu C, Zhang L, Xiao X, et al. circ-NRIP1 promotes
glycolysis and tumor progression by regulating miR-186-5p/MYH9 axis in
gastric cancer. Cancer Manag Res. 2020;12:5945-56.

Zhang B, Liu S, Dong Y, Zhang L, Zhong Q, Zou Y, et al. Positive rectal
swabs in young patients recovered from coronavirus disease 2019
(COVID-19). J Infect. 2020;81:e49.

Zhang GX, Zhang AM, Huang L, Cheng LY, Liu ZX, Peng XL, et al. Twin
girls infected with SARS-CoV-2. Zhongguo Dang Dai Er Ke Za Zhi.
2020;22(3):221-5.

Luchini C, Stubbs B, Solmi M, Veronese N. Assessing the quality of studies
in meta-analyses: Advantages and limitations of the Newcastle Ottawa
Scale. World J Meta-Anal. 2017;5(4):80-4.

Page 11 of 11

45. Pediatrics AAo. Children and COVID-19: State-Level Data Report: AAP;
2020 [updated 09/15/2022; cited 2022 01/10/2022]. Available from:
https://www.aap.org/en/pages/2019-novelcoronavirus-covid-19-infec
tions/children-and-covid-19-state-level-data-report/.

46. Al Mansoori L, Al Kaabi S, Nair SC, Al Katheeri M, Ghatasheh G, Al Dhan-
hani H, et al. Epidemiological characteristics of children with coronavirus
at a joint commission-accredited hospital in the United Arab Emirates. J
Family Med Prim Care. 2021;10(6):2348-52.

47. Eastin C, Eastin T, DongMoHu YXY, et al. Epidemiological characteristics of
2143 pediatric patients with 2019 coronavirus disease in China. Pediatr J
Emerg Med. 2020;58(4):712-3. https://doi.org/10.1542/peds.2020-0702.

48. Armin S, Mirkarimi M, Pourmoghaddas Z, Tariverdi M, Jafrasteh A,
Marhamati N, et al. Iranian Pediatric COVID-19 Epidemiology and Clini-
cal Characteristics. Can J Infect Dis Med Microbiol. 2021;2021:4914371.
https://doi.org/10.1155/2021/4914371.

49. Guo C-X, He L, Yin J-Y, Meng X-G, Tan W, Yang G-P, et al. Epidemiological
and clinical features of pediatric COVID-19. BMC Med. 2020;18(1):1-7.

50. Zhang C, Gu J,Chen Q Deng N, Li J, Huang L, et al. Clinical and epide-
miological characteristics of pediatric SARS-CoV-2 infections in China: A
multicenter case series. PLoS Med. 2020;17(6):21003130.

51. Pérez-Gaxiola G, Flores-Rocha R, Valadez-Vidarte JC, Herndndez-Alcaraz M,
Herrera-Mendoza G, Real-Lugo MAD. Clinical and epidemiological charac-
teristics of children with SARS-CoV-2 infection: a case series in Sinaloa. Bol
Med Hosp Infant Mex. 2021,78(1):18-23.

52. QiuH,Wu J,Hong L, Luo ', Song Q, Chen D. Clinical and epidemiologi-
cal features of 36 children with coronavirus disease 2019 (COVID-19)
in Zhejiang, China: an observational cohort study. Lancet Infect Dis.
2020,20(6):689-96.

53. She Jiatong LW. Epidemiological characteristics and prevention and
control measures of corona virus disease 2019 in children. J Trop Med.
2020;20:153.

54. Edwards E. 5-year-old is first child death from COVID-19-related inflam-
matory syndrome reported in U.S: NBCnews; 2020 [updated May 8, 2020.
Available from: https.//www.nbcnews.com/health/kids-health/boy-5-
dies-covid-19-linked-inflammatory-syndromen1203076#:~:text=Nearly%
20100%20children%20in%20the,syndrome%_20associated%20with%
20COVID%2D19.&text=A%205%2Dyear%2Dold%20boy,be%20linked%
20t09%20C0OVID%2D19.

55. Hedrich CM. COVID-19 - Considerations for the paediatric rheumatolo-
gist. Clin Immunol. 2020,214:108420.

56. Garcia LF. Immune response, inflammation, and the clinical spectrum of
COVID-19. Front Immunol. 2020;11:1441.

57. Jones VG, Mills M, Suarez D, Hogan CA, Yeh D, Bradley Segal J, et al.
COVID-19 and Kawasaki disease: Novel virus and Novel case. Hosp Pedi-
atr. 2020;10:537.

58. Harahsheh AS, Dahdah N, Newburger JW, Portman MA, Piram M, Tulloh
R, et al. Missed or delayed diagnosis of Kawasaki disease during the 2019
Novel Coronavirus Disease (COVID-19) pandemic. J Pediatr. 2020,222:261.

59. Rajak K, Twayana AR, Shrestha R, Amatya P, Ghimire C. Prevalence of
Kawasaki disease in a tertiary care hospital: A descriptive cross-sectional
study. JNMA J Nepal Med Assoc. 2019;57(220):408-11.

60. Chadwick L. Explained: Inflammatory syndrome in children possibly
linked to COVID-19 Euronews2020 [updated 24/05/2020]. Available from:
https://www.euronews.com/2020/05/24/coronavirus-what-is-kawasaki-
disease-and-its-possible-link-with-covid-19-in-children.

61. Verdoni L, Mazza A, Gervasoni A, Martelli L, Ruggeri M, Ciuffreda M, et al.
An outbreak of severe Kawasaki-like disease at the Italian epicentre
of the SARS-CoV-2 epidemic: an observational cohort study. Lancet.
2020;395:1771.

62. Kato 'S, Kimura M, Tsuji K, Kusakawa S, Asai T, Juji T, et al. HLA antigens in
Kawasaki disease. Pediatr. 1978,61(2):252-5.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.worldometers.info/coronavirus/
https://www.worldometers.info/coronavirus/
https://doi.org/10.1093/cid/ciaa452
https://www.aap.org/en/pages/2019-novelcoronavirus-covid-19-infections/children-and-covid-19-state-level-data-report/
https://www.aap.org/en/pages/2019-novelcoronavirus-covid-19-infections/children-and-covid-19-state-level-data-report/
https://doi.org/10.1542/peds.2020-0702
https://doi.org/10.1155/2021/4914371
https://www.nbcnews.com/health/kids-health/boy-5-dies-covid-19-linked-inflammatory-syndromen1203076#:~:text=Nearly%20100%20children%20in%20the,syndrome%20associated%20with%20COVID%2D19.&text=A%205%2Dyear%2Dold%20boy,be%20linked%20to%20COVID%2D19
https://www.nbcnews.com/health/kids-health/boy-5-dies-covid-19-linked-inflammatory-syndromen1203076#:~:text=Nearly%20100%20children%20in%20the,syndrome%20associated%20with%20COVID%2D19.&text=A%205%2Dyear%2Dold%20boy,be%20linked%20to%20COVID%2D19
https://www.nbcnews.com/health/kids-health/boy-5-dies-covid-19-linked-inflammatory-syndromen1203076#:~:text=Nearly%20100%20children%20in%20the,syndrome%20associated%20with%20COVID%2D19.&text=A%205%2Dyear%2Dold%20boy,be%20linked%20to%20COVID%2D19
https://www.nbcnews.com/health/kids-health/boy-5-dies-covid-19-linked-inflammatory-syndromen1203076#:~:text=Nearly%20100%20children%20in%20the,syndrome%20associated%20with%20COVID%2D19.&text=A%205%2Dyear%2Dold%20boy,be%20linked%20to%20COVID%2D19
https://www.nbcnews.com/health/kids-health/boy-5-dies-covid-19-linked-inflammatory-syndromen1203076#:~:text=Nearly%20100%20children%20in%20the,syndrome%20associated%20with%20COVID%2D19.&text=A%205%2Dyear%2Dold%20boy,be%20linked%20to%20COVID%2D19
https://www.euronews.com/2020/05/24/coronavirus-what-is-kawasaki-disease-and-its-possible-link-with-covid-19-in-children
https://www.euronews.com/2020/05/24/coronavirus-what-is-kawasaki-disease-and-its-possible-link-with-covid-19-in-children

	A systematic review and meta-analysis of the epidemiological characteristics of COVID-19 in children
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Overview
	Search strategy and selection process
	Eligibility criteria
	Critical appraisal
	Outcomes
	Statistical analysis

	Results
	Study selection
	Study characteristics
	Prevalence of children’s cases involvement and estimated mean age
	Household exposure and disease severity
	Characteristics
	Comment
	Principal findings
	Strengths of the study


	Discussion
	Limitations of the data
	Future recommendations and vaccination priority in children

	Conclusion
	Acknowledgements
	References


