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Abstract

Background: The COVID-19 pandemic has caused a global havoc with our limited understanding of the SARS-CoV-2, disease

manifestations and management. Inadequacy of available data in pediatric patients coupled with evolving disease course

makes it imperative to conduct a meta-analysis assessing the results of pediatric COVID-19 studies over the course of the

pandemic. Methods: A random-effect meta-analysis was conducted using PRISMA guidelines. Two databases were screened for

pediatric COVID-19 studies and selected articles reviewed for demographic, co-morbidities, clinical manifestations, laboratory

and radiological evaluation, treatment and outcomes. Prevalence with mean and 95% confidence interval was calculated. Results:

Out of 1703 articles, 37 articles comprising of 993 patients for a period of over six months and 72 variables were selected. This

meta-analysis revealed that one-fourth of patients were asymptomatic (23.8%, 95% CI 17.6-31.2%) Fever (52.5%, 95% CI 45.7–

59.1%) and cough (47.6%, 95% CI 41.2–54.0%) were the most common symptoms. The most frequently encountered white blood

count abnormalities were neutropenia (16.6%, 95% CI 10.2-25.8%), lymphocytosis (15.3%, 95% CI 9.9–23.0%) and leukopenia

(13.9%, 95% CI 10.1–18.8%). Ground glass opacities were the most common radiological finding of children with COVID-19

(35.9%, 95% CI 29.4-43%). The hospitalization rate was 95.9% (95% CI 91.9-98.0%) of which 11.2% (95% CI 4.7-24.2) were

ICU admissions, and 4.2% (95% CI 2.6-6.9%) died. Conclusion: Majority of pediatric patients are asymptomatic or have mild

manifestations similar to other upper respiratory viruses. Serious disease and death occurred in 15.4%. More studies are needed

from a wider geographic area as the pandemic continues.

Introduction

The novel coronavirus (COVID-19) pandemic, caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2)1, has created a global healthcare pandemonium with over 21 million cases and over 755,000
deaths reported worldwide as of early August 20202. Since its inception in Wuhan, China in December 2019
as a cluster of cases presenting with influenza-like illness, the virus’ uncurbed spread has spanned over 213
countries and territories resulting in the World Health Organization (WHO) announcing it as a pandemic
on 11 March 20203. The disease presented itself in the earlier stages primarily as a respiratory illness with
higher morbidity and mortality in older individuals4. However, the evolving trends of this novel disease
highlighted the diversity of presenting features and involvement within pediatric age groups. To date, most
of the available literature focuses on the adult population leaving a noticeable gap in description of pediatric
COVID-19. Of assurance, COVID-19 has fared well in children with initial trends showing milder form
of illness, less hospitalizations and minimal fatality as reported in various studies worldwide5-7. However,
the evolving disease trends have depicted varied severity in children with United States Center for Disease
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Control (CDC) releasing a health advisory reporting a Multisystem Inflammatory Syndrome in Children
(MIS-C) related to COVID-19 on May 14th, 20208. Our progressing knowledge about the disease in the past
few months necessitates a data-rich meta-analysis of pediatric COVID-19 to establish statistical significance
across these studies and thereby, understanding the validity of the observed parameters.

The study aims to describe clinical presentation, laboratory and radiographic findings, treatment modalities
and outcomes of pediatric patients under age 19 with COVID-19. Furthermore, the perpetual rapid escalation
of cases worldwide and upcoming re-opening of educational institutes necessitates a more inclusive look into
pediatric presentations of COVID-19 to guide immediate health and education policy-making worldwide.

Methodology

Protocol

The study protocol was based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines and was reported using the PRISMA checklist9. The protocol was registered on
the International Prospective Register of Systematic Reviews (PROSPERO) with the registration number
CRD42020186160 on 17 May 2020.

Literature Search and Data Extraction

The databases PubMed and Scopus were reviewed from December 1, 2019 to July 3, 2020, to identify
all relevant COVID-19 primary publications. The keywords and Medical Subject Headings (MeSH) terms
selected included”Novel coronavirus 2019”, “COVID-19” and “SARS-CoV-2”, and the target population
was specified with the terms “pediatric”, “children”, “infant” , “neonate”, “adolescent”. The last search
was performed on July 3rd, 2020 and the search was not limited by language (translation performed with
Google Translate) or geographic region.

Eligibility criteria and Study Selection

Inclusion criteria for screening

Study selection methodology entailed initially screening articles using title and abstract and subsequent full-
text screening. All available peer-reviewed original articles (case reports, case series, cohort studies, cross-
sectional studies etc.) pertaining to pediatric COVID-19 published in the literature in the aforementioned
time frame were included in this study. Selected articles must have subjects with SARS-CoV-2 infection
confirmed via real-time reverse transcriptase polymerase chain reaction (RT-PCR) using upper respiratory
swabs. The pediatric population comprised of ages 0-18 years (including neonates). The selected articles
included variables on demography, risk factors, clinical manifestations, laboratory and radiological findings,
treatment, and outcomes.

Articles were excluded due to the inability to extract pediatric data from adult data separately. The pub-
lication types excluded were review articles and studies such as letters, correspondences or comments that
had no extractable primary pediatric data. Articles with irrelevant clinical study focus (e.g. epidemiology,
modeling, animal data, post-mortem data) and non-clinical study focus (e.g. genetics, diagnostic techniques
or virology) were excluded as well.

Inclusion criteria for Meta-analysis data

Studies that qualified for initial screening for data extraction, as mentioned above, were further filtered with
stringent criteria. The inclusion criteria were optimized for selection of articles with sufficient data and
sample size for data synthesis.

Data Extraction and Quality Assessment

Four investigators worked on title/abstract, full-text screening and data extraction in pairs (AA and ME,
SG and NT) on a shared data extraction form. Any disagreements were resolved by consulting one of the
investigators from the other pair. The investigators extracted data on demographics, co-morbidities, signs
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and symptoms, laboratory investigations, radiological investigations, treatment and outcomes of COVID-19
in pediatric patients. The Joanna-Briggs Institute (JBI) checklists were utilized for the critical appraisal of
case series and cross-sectional studies10. The investigators assigned 2 points for ‘Yes’, 1 point for ‘Unclear’
and 0 points for ‘No/Inapplicable’. The average score of the 2 investigators generated the final JBI score.
Each checklist had a different cumulative score which was scaled out of 10 (Table 1). A score >7 reflected a
high-quality study, 5-7 moderate-quality and <5 a low-quality study.

Statistical Analysis

Percentages were calculated to describe the distribution of the categorical dichotomous variables. For contin-
uous data, the pooled prevalence with mean and 95% confidence intervals (CI) were calculated. For studies
reporting the mean with 95% CI or the range of the data, the formula, (upper limit-lower limit)/4, was used
to extract the standard deviation (SD).

The meta-analysis was conducted on Comprehensive Meta-Analysis version 3.3.070 software. The random-
effect model was implemented to estimate the pooled prevalence and 95% CI. Pooled percentage, proportion
and corresponding 95% CI were calculated to summarize the weighted effect size for all binary variables. The
measure of heterogeneity reported included the Cochran’s Q statistics, I2 index with the level of heterogeneity
defined as low < 25, moderate > 50, and high > 75, and the tau square (T2) test. Publication bias was
assessed with a funnel plot and Egger’s test.

Results

FIGURE 1

As shown by the literature retrieval flowchart in Figure 1, 1703 pediatric COVID-19 articles were searched
from two databases (PubMed and Scopus) from December 2019 to July 2020 with a predefined search
strategy. Out of those, 734 duplicate studies were excluded and 784 studies did not meet the eligibility
criteria for meta-analysis, owing to inappropriate study type/ focus or lack of relevant clinical pediatric data
when screened with title and abstract. Of the remaining 185 full text articles that met the eligibility criteria,
37 studies comprising of 993 patients sieved through the rigorous criteria of inclusion for meta-analysis.
Remaining studies were excluded due to inadequate sample size, insufficient availability of data and other
reasons described in Figure 1. The journal name, PMID and characteristics of the 37 studies selected for
meta-analysis, and funnel plots and forest plots are shown in the supplementary material.

TABLE 1

Table 1 lists the study characteristics of the 37 articles selected for meta-analysis with their author informa-
tion, date of publication, country of origin, study design, number of pediatric patients and JBI scaled score.
As shown in the table, these studies were published between March and July 2020. Majority (84%) of the
studies were from China, whereas the rest originated from Turkey, France, UK, and Switzerland. Case series
comprised of more than half (60%) of the study design and the remaining half were cross-sectional. Half of
the articles had sample size of 2-10 patients and about 15% had a sample size of over 40 subjects. The mean
JBI scaled score is 8 (0.88 SD) out of 10. Approximately 90% of the selected articles yielded a JBI scaled
score of [?]7, affirming good quality of the selected articles.

Meta-Analysis Results

TABLE 2

Demographic Characteristics

Of the 993 pediatric patients analyzed, the mean age of the patients across the studies was 6.63 years (SD:
0.9; 95% CI, 4.9–8.4). Males comprised 52.2% (95% CI, 47.7 – 56.6%) of the population (Table 2).

Co-morbidities

3
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The total prevalence of co-morbidities associated with pediatric COVID-19 based on 18 studies was 14.5%
(95% CI, 8.3 – 24.2%). The three most common co-morbidities were history of congenital heart disease 5%
(95% CI, 2.5 – 9.8%), obesity 4.9% (95% CI, 1.9 – 11.8%) and prematurity 4% (95% CI, 1.5 – 10.4%).

Clinical Presentation

It was notably interesting that approximately one-fourth of the patients were asymptomatic (23.8% with 95%
CI, 17.6-31.2%). Amongst the symptomatic, fever (52.5% with 95% CI, 45.7 – 59.1%) and cough (47.6%
with 95% CI, 41.2 – 54.0%) were the most common symptoms. Expectoration was a notable symptom
in 19.5% (95% CI, 11.7 – 30.7). The spectrum of clinical manifestations included generalized (headache,
fatigue, rash and myalgia), respiratory (cough, dyspnea, rhinorrhea, nasal congestion and sore throat) and
gastrointestinal (nausea, vomiting, abdominal pain and diarrhea) symptoms.

TABLE 3

TABLE 4

Laboratory Investigations

The most commonly encountered white blood cell (WBC) abnormalities were neutropenia, lymphocytosis
and leukopenia that were present in 16.6% (95% CI 10.2-25.8%), 15.3% (95% CI 9.9 – 23.0%) and 13.9%
(95% CI 10.1 – 18.8%) patients respectively. From the array of abnormal laboratory findings in pediatric
SARS-CoV-2 infection, more prevalent ones included elevated inflammatory markers such as C-reactive
protein (CRP) (elevated in 22.6%, 95% CI 17.2-29%) and procalcitonin (elevated in 31.8%, 95% CI 22.3 –
43.1, I2> 75), abnormal liver function tests (LFT) (21.3%, 95% CI 14.6 – 30.0%, I2 > 75), creatinine kinase
(CK) (elevated in 17%, 95% CI 10.1 – 27.3), D-dimer (elevated in 16.2%, 95% CI 10.9 – 23.4%) and cardiac
biomarkers troponin (high in 23%, 95% CI 3.6 – 70.0%, I2 > 75) and creatinine kinase – MB (CK-MB) (high
in 21.1%, 95% CI 11.9 – 34.6%, I2 > 75). An additional interesting finding extracted from 21 studies showed
co-infections (22.4%, 95% CI 15.0 – 31.9%) in children with COVID-19, the most common being bacterial
co-infections (19.9% 14.3-26.9%) followed by influenza A or B (6.8%, 95% CI, 3.2 – 13.7%).

Radiological Findings

Computed Tomography (CT) of the chest appeared to be the imaging modality of choice over chest x-rays
from the meta-analyzed studies in Table 3. The most common CT abnormality, occurring in more than one
third of the patients, was ground glass opacities (GGO) (35.9% with 95% CI 29.4 - 43%).

Treatment

93.9% of patients (95% CI 87.6 – 97.1%) received some form of treatment (includes the treatment options
listed in Table 4 as well as symptomatic and herbal treatments). Antiviral therapies were the most prescribed
treatments at 82.7% (95% CI 62.6 – 93.2%) and included interferon α, lopinavir/ritonavir, oseltamivir and,
umifenovir (in China). A significant proportion of patients got antibiotics (42.9% with 95% CI 33.3 – 53.1%)
during their course of illness.

Clinical Outcomes

Majority of the patients included in the meta-analysis were hospitalized out of which 11.2% (95% CI 4.7 –
24.2%, I2> 75) received treatment in the intensive care unit. Over 80% of patients were discharged during
the course of the studies (83.3% with 95% CI 74.6 – 89.4%). The proportion of deaths was 4.2% (95% CI
2.6 – 6.9%).

Publication Bias and Heterogeneity across Studies

44 out of the 68 variables analyzed did not have significant bias, denoted by an Egger’s p value > 0.05.
Majority of the variables were homogenous; only 11 variables had heterogenous data based on I2 index >
75.
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Discussion

This meta-analysis showed approximately one-quarter of children were asymptomatic, which is very alarming
as these children could be asymptomatic spreaders. Studies reveal comparable or prolonged spread of virus
by asymptomatic carriers compared to symptomatic patients11,12 ,however this theory is debatable in recent
literature13. It could be an important factor to consider in public health policy-making regarding re-opening
of schools and play areas. The proportion of asymptomatic patients in China and outside China were similar
in our study, 28% and 21% respectively. However, these numbers are likely an underestimation due to the
small number of data-rich studies published outside China and the sampling bias towards hospitalized and
more ill children.

Fever and cough were the most reported symptoms in this meta-analysis, which is consistent with findings
reported by two other meta-analyses14. This study shows that children present with more upper respiratory
findings such as sore throat, nasal congestion and rhinorrhea, whereas dyspnea is less frequently seen in
children compared to their adult counterparts15. An array of gastrointestinal symptoms such as nausea,
vomiting, abdominal pain and diarrhea are reported in pediatric patients with COVID-19, however, it is
difficult to discern the proportion of these symptoms attributable to the disease process or part of the side-
effects of therapeutic agents used for treatment or a combination of both. Our study showed approximately
one out of seven children had some associated co-morbidity. This was unlike other meta-analyses in the
literature which under or infrequently reported comorbidities in pediatric patients13,14. We further dissected
the comorbidities and found the most common being history of congenital heart disease and obesity. The
other co-morbidities associated with COVID-19 presentation in children in our study included history of pre-
maturity, neurological diseases (epilepsy, febrile seizures), asthma, cancer and diabetes, which is distinctive
from what was found in most adult studies16.

This meta-analysis’ findings revealed neutropenia, lymphocytosis and leukopenia as the most common white
cell abnormalities. Interestingly, neutropenia was not analyzed in other meta-analyses and hence was not
reported14,17. This study also showed elevated CRP, LFTs and Lactate Dehydrogenase (LDH) similar
to the studies by Ding et al and Zhang el al14,17. Our study also showed elevated procalcitonin which
was mirrored by Ding et al, but dissimilar from Zhang et al. Co-infections were found in close to one-
fourth of patients, which is again a peculiar finding of pediatric COVID-19 and the most common co-
infections were due to Mycoplasma pneumoniaeand Influenza A/B. Ground glass opacities on CT-scan were
the most common radiological finding present in more than a third of patients, resembling previous literature
on pediatric COVID-1914. Another interesting radiological finding of this meta-analysis was the equal
proportion of unilateral and bilateral lesions in CT-scans in children with COVID-19. In contrast, Mantovani
et al reported a higher proportion of unilateral involvement than bilateral, while most other meta-analyses
have not described other radio findings other than GGOs13,14,17. It is important to note that this study’s
confidence intervals were narrower and hence more precise than other meta-analyses due to the higher sample
size from data-rich articles.

95.9% of patients were hospitalized and 93.9% of patients received some form of treatment based on our
findings. This observation could be skewed, as most studies with sufficient data to synthesize the clinical
findings and outcomes would consist of more symptomatic, sick and hospitalized patients. Anti-virals were
the most used therapeutic agents, apart from analgesics and herbal medicines, followed by antibiotics. It is
important to note that there was an expected therapeutic variability due to different protocols across the
world as well as the changing trends of the pandemic. Intravenous immunoglobulin (IVIG) and glucocorti-
coids were unique treatment options for pediatric patients with SARS-CoV-2, especially with the emergence
of MIS-C18. This analysis did not show frequent use of hydroxychloroquine treatment (5.7%) as expected
and one of the reasons for that could be the evolving therapeutic trends over the course of the pandemic.

Of the hospitalized patients, a small proportion required intensive care admission and even fewer required
mechanical ventilation. These important outcomes are under-reported in meta-analysis literature13,14,17.
Shock was one of the striking complications of the disease course present in about 13% of patients, as
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highlighted by our meta-analysis. 83.3% of patients were discharged and this value could be confounded by
the time span of the studies and different protocols for patient discharge. Our meta-analysis reports higher
than expected death rate (4.2%) compared to surveillance data19, but this may be due to sampling and
reporting bias within studies.

It is possible that our results were confounded by the lack of data outside of China, heterogeneity of a
few variables and potential bias within the articles selected. In addition, the variations of diagnostic and
therapeutic protocols in different parts of the world and its transformation with the evolving pandemic
affects the outcomes reported. Despite the lack of data-rich MIS-C literature published until early July
2020, three MIS-C studies were included in our meta-analysis with 26 patients presenting with prolonged
fever and a combination of signs and symptoms such as gastrointestinal manifestations, rash, conjunctivitis,
shock with or without multiorgan failure20-22. More data on MIS-C is needed to better equip clinicians and
epidemiologists in navigating the rough seas of this global pandemic.

Conclusion

Studies on COVID-19 in children are vital to better understand their unique epidemiological trends, clinical
course, laboratory and radiological findings, and prognosis and outcomes. Significant differences exist in all
these factors compared to adults. To date, data in children is heavily skewed toward cases from China, and
more data is needed from a wider geographic area. This will better prepare us as the cases rise and the
dynamics of the pandemic continue to evolve. Emerging information on the proportion of asymptomatic
cases and its eventual effect on spread of disease will benefit healthcare providers and public health officers
to design appropriate policies, especially with the impending re-opening of schools.
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