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Abstract

Context—There are sparse patient-level data available for children with novel coronavirus
disease (COVID-19). Therefore, there is an urgent need for an updated systematic literature review
that analyzes individual children rather than aggregated data in broad age groups.

Methods—Six databases (MEDLINE, Scopus, Web of Science, CINAHL, Google Scholar,
medRxiv) were searched for studies indexed from January 1 to May 15, 2020 with MeSH terms:
children, pediatrics, COVID-19, SARS-CoV-2. 1241 records were identified, of which only unique
papers in English with individual patient information and documented COVID-19 testing were
included. This review of 22 eligible studies followed Preferred Reporting Items for Systematic
Review and Meta-Analyses of individual participant data guidelines.

Results—123 patients from five countries were identified. 46% were females. Median age was
five years (IQR=8). At presentation, 62% had fever, 32% had cough, 58% had a single symptom
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and 21% were asymptomatic. Abnormal chest imaging was seen in 62% (65/105) of imaged and
76.9% (20/26) of asymptomatic children. A minority of children had elevated platelets, CRP,
lactate dehydrogenase, and d-dimer.

Conclusion—Data from this independent participant data systematic review revealed that
the majority of children with COVID-19 presented with either no symptoms or a single, non-
respiratory symptom.

Introduction

Methods

SARS-CoV-2 is a novel coronavirus first identified in Wuhan, China in 2019. This virus
causes the clinical syndrome Coronavirus disease-2019 (COVID-19) and is an ongoing
global pandemic. The Chinese Center for Disease Control reported in February 2020 that of
the first 72,000 cases, only 2% were children (1).

Early studies identified a range of symptoms in children including acute upper respiratory
tract infection, pneumonia, and gastrointestinal symptoms (2). Subsequent systematic
reviews compiled key findings from aggregated cohort studies of children and adolescents
with COVID-19 and confirmed that disease tended to be milder than has been reported

in adult patients (3-6). However, the description of multi-system inflammatory syndrome
in children (MIS-C), a systemic inflammatory syndrome with overlapping features of
Kawasaki disease, has highlighted the need for more robust analysis of the presenting
features of COVID-19 in children (7-9). Here, we offer a detailed description of the clinical
presentation and outcomes of pediatric patients using an individual patient data approach to
visualize trends by age (10).

Protocol is publicly available in the Open Science Framework database.

Search Strategy

A systematic search of MEDLINE (via PubMed), Web of Science, CINAHL, Google
Scholar, Scopus, and medRxiv was performed following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) individual participant data guidelines
(11). Three authors (B.C., B.G.M., and R.O.) independently identified studies by searching
the databases using the following exploded MeSH terms: (“pediatric” OR “child”) AND
(“COVID-19” OR “SARS-CoV-2” OR “coronavirus”) to identify records indexed from
January 1, 2020 to May 15, 2020. Identified references were exported to Sciwheel (formerly
F1000Workspace, London, UK).

Inclusion and Exclusion Criteria

Acrticles were included if they fulfilled the following criteria: included patients older than

1 month and younger than 19 years with RT-PCR-confirmed SARS-CoV-2 or positive
serology and a clinical syndrome compatible with COVID-19; were originally published in
or translated into English; described clinical characteristics and laboratory tests relating to
SARS-CoV-2 infection; and were indexed from January 1 to May 15, 2020. Studies that
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recruited based on consecutively identified children or convenience sampling were included.
Exclusion criteria were lack of primary individual patient data; individual case reports,
meta-analyses, or guidelines; fewer than three patient data points reported; and lack of
individual patient ages. Single case reports were excluded because of the wide variability of
data provided. Three authors (B.C., B.G.M., and R.O.) independently screened all identified
articles to remove duplicates and those that did not meet inclusion criteria based on the title
or abstract. Full-text articles were then read by two authors and eligibility of each paper was
assessed independently; consensus was reached on all included articles. No articles from
medRxiv fulfilled the inclusion criteria of this review.

Data extraction and Quality Assessment

Data from each article was extracted using a standardized form as follows: (1) study details
including population, location, and quality of analysis; and (2) individual patient information
including demographic data, presenting clinical symptoms, laboratory results, radiological
findings, clinical course and outcome data. No issues were identified in extracting IPD. The
methodological quality of studies evaluated was based on a modified form of the Oxford
Centre for Evidence-Based Medicine schema (12). Five articles were initially evaluated and
discussed in detail by the authors to standardize the approach to scoring. Remaining articles
were evaluated independently by two authors. The authors confirmed that no patients were
included in more than one study by comparing location, age and description of illness.

Ethics statement

Results

The Weill Cornell Medicine Institutional Review Board classified this study as exempt
because it collected and synthesized non-identifiable, publicly accessible data from
previously published studies.

Our search yielded 1,218 records from six databases with an additional 23 records found
independently by looking through references of other included papers and review of journal
websites’ articles in press (Figure 1). A total of 1,131 records were excluded based on their
titles and abstracts alone because they were duplicates, topics were outside the scope of the
present study, patient ages did not meet criteria, or they were not in English. Full-text review
led to the exclusion of an additional 88 papers. For final analysis, 22 studies were included
in this systematic review (Table 1).

Study characteristics and demographics

The 22 included studies were published in peer-reviewed journals over the span of three and
a half months in 2020—three in February (13-16), 11 in March (17-28), six in April (29—
36), and two in May (37,38). The 123 children identified were cared for between December
8, 2019 and April 19, 2020. These studies enrolled children from 48 cities and provinces in
China, Italy, United States, Iran, and Malaysia (Table 2).

The median age was 5 years (interquartile range=8), and infants accounted for 21.6% of
patients (n=27; Table 2). Of the children with recorded sex, 56/123 (45.5%) were females.
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Only three (2.4%) patients had comorbidities, including asthma (no. 106), autism (no.
112), and epileptic encephalopathy with tracheostomy dependence (no. 118) (Supplemental
Table).

SARS-CoV-2 Virus Exposure and Testing

A majority of patients (n=104, 83.2%) had known exposure to the SARS-CoV-2 virus: a
family member or close contact (n=83, 67.5%), or from travel to or residence in Wuhan,
China. Twenty-one patients (16.8%) had unknown or unavailable exposure history. Of these
patients, 19 presented with at least one symptom. The other two other patients with no
known exposure were asymptomatic, and one had abnormal lung findings on CT.

All patients in our analysis tested positive for SARS-CoV-2 by reverse transcriptase
polymerase chain reaction (RT-PCR) for SARS-CoV-2. The samples—from multiple
anatomic sites in some children—were collected from the nasopharynx (n=56;
(3,14,15,20,22,26,35,37), nose (n=20; (33,34,38), oropharynx (n=4; (20), throat (n=60;
(18,21,23-25,28-30,32,34,39), pharynx (n=77; (33,36,40), respiratory tract (n=10; (13),
sputum (n=9; (26), or feces (n=3; (28) Two children tested negative on presentation but were
positive on subsequent testing (Supplemental Table, no. 15, 113; (25). Serology testing for
SARS-CoV-2 IgG and IgM was performed on five (4%) patients; 1IgG*IgM~ was detected

in three patients, IgG*IgM™ in two patients (38). Rectal or stool RT-PCR for SARS-CoV-2
was performed in 21 patients, was positive in 15 patients (71.4%) and remained positive one
month after negative respiratory PCR for some.

Co-infection was rarely found (n=7, 1.8%). Pathogens detected in the respiratory tract were
Mycoplasma pneumoniae (n=3; no. 39, 88, 102), influenza A (n=2; no. 55, 86), respiratory
syncytial virus (n=1; no. 3), and Enterobacter aerogenes (n=1; no. 30). No children had
bacteremia.

Clinical findings at presentation

All patients presented to the emergency department and were then hospitalized. The
symptomatic period before clinical encounter ranged from 0 to 17 days (no. 90). Upon initial
testing, 14.6% patients were asymptomatic (n=18). Similar proportions of asymptomatic
patients were found across age groups: 11% infants (n=3), 21% between 1-4 years (n=6),
13% between 5-9 (n=6), 13% between 10-14 (n=2), 20% between 15-18 (n=2). 41.6% of
patients had more than one symptom. Fever was the most common symptom (n=78, 62.4%),
and 29 (23.2%) experienced fever as the only symptom (Figure 2A). The proportion of
children with fever varied by age: 48.2% of infants (n=14), 62% of those 1-4 years (n=18),
78.5% of those 5-9 years (n=33), 43.2% of those 10-14 (n=7) and 80% of adolescents older
than 15 years (n=4). The second most common symptom across ages was cough (n=40,
32.0%), seven (5.6%) of whom presented with cough as their only symptom. Diarrhea
occurred in 13 patients (10.4%), two (1.6%) of whom presented with diarrhea as their only
symptom. Vomiting was only described for six patients (4.8%). Children with vomiting or
diarrhea were mostly under nine years old (84%).

The most common concurrent symptoms at presentation were fever and cough (n=10, 8.0%);
fever and diarrhea (n=8, 6.4%); fever, cough, and vomiting (n=3, 2.4%); fever and nasal
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symptoms (n=3, 2.4%); fever, nasal symptoms, and cough (n=3, 2.4%); fever, pharynagitis,
and cough (n=2, 1.6%); fever, pharyngitis, and diarrhea (n=2, 1.6%).

Other reported symptoms were headache (n=2; no. 94, 120), seizure despite not having an
underlying seizure disorder (n=2; no. 21 and 39), and dermatologic findings such as papular
rash or skin changes around the oral cavity (n=4; no. 1, 7, 61, 78; Figure 2A). Seven children
had a presentation similar to classic (n=3, no. 61, 64, 65) or incomplete Kawasaki Disease
(n=4, no. 76, 78, 79, 100) (38). No differences in presenting symptoms were noted when
comparing patients from different countries.

Radiographic findings

Chest imaging was obtained in 105 of the 123 patients (84%). A chest radiograph was
acquired for 57 (46.3%) patients, CT scan for 72 (58.5%) patients, and both for 25 patients
(23.8%). An abnormal chest radiograph or CT scan was described for 62% (n=65) of
imaged patients of whom only 19 presented with a cough; two in respiratory distress (no.
27, 112); and seven with abnormal findings on lung auscultation. Two cases had normal
chest radiographs but abnormal CT scans (no. 5, 122). Of the 26 asymptomatic patients, 20
(76.9%) had abnormal imaging findings.

Ground glass opacities (GGO) were noted in 62.5% patients with CT scans across all age
groups (n=45/72). Bilateral lung abnormalities affected 25% of patients with CT scans
(n=18/72). Other imaging findings included consolidation (n=14, 11.2%), pneumonia (n=13,
10.4%), patchy shadows (n=13, 10.4%), mottling (n=10, 8%), bronchitis (n=2, 1.6%),

and perihilar opacities (n=2, 1.6%). Lung ultrasound was performed in two patients who
required respiratory support and revealed interstitial syndrome and multiple B-lines (37).

Laboratory Values

Treatment

The most common laboratory values reported included white blood cell count, platelet
count, erythrocyte sedimentation rate, C-reactive protein, urea, creatinine, alanine
aminotransferase, and aspartate aminotransferase (Figure 2C). Elevated white blood cell
count was seen in 10.4% (n=13), elevated ESR in 7.2% (n=13), and elevated CRP in 24.8%
(n=31). White blood cell count was elevated in 11.1% of infants (n=3), in 13.8% 1-4 year
olds (n=4), 6.5% 5-9 year olds (n=3), 12.5% 10-14 year olds (n=2), and 20% of 15-19 year
olds (n=1). Thrombocytosis was seen in 3.3% of patients (n=4) while 1.6% (n=2) patients
were thrombocytopenic. Elevated lactate dehydrogenase was reported for 12.2% of (n=15)
patients and elevated d-dimer in 6.5% (n=8) patients.

No consistent treatment strategy was reported. Antiviral treatment was given to 23.6%
(n=29) patients with lopinavir/ritonavir (n=11), oseltamivir (n=11), or ribavirin (n=7).
Twenty-four patients, all in China, received inhaled alpha-interferon while in the hospital.
Antibiotics were used as the sole treatment in 17 patients who were treated solely with
antibiotics (Supplemental Table). Intravenous immunoglobulin was administered in 17
patients. A total of 30 (24%) children received oxygen therapy. Twenty-five patients were
additionally given traditional Chinese medicine.
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Course and outcome

Of the 123 children in this review, 29 (23.6%) patients remained asymptomatic, 17 (13.8%)
were diagnosed with pneumonia, and 66 (52.8%) reported upper respiratory infection
symptoms. We found no differences in these presentations across age groups. Length of
stay ranged from 2 (no. 96, 119) to 25 days (no. 102), but 12 patients were still in the
hospital for greater than 24 days at the time of publication for some studies. The median
time to discharge was 12 days (IQR=7). Four patients were treated in the intensive care unit;
one was discharged and three were still being cared for at the time of publication after 20
days in the ICU (no. 21 86, 114). There were no reported deaths among this group of 123
patients.

Discussion

Our study sought to identify characteristic clinical and laboratory features of SARS-CoV-2
infection by age using patient-level pooled data from pediatric studies. We found that
children under 7 years tended to present with fever, diarrhea, and vomiting more than older
children who experienced more cough, although the proportion of asymptomatic patients
was similar for all ages (11-21%).

In April the United States Center for Disease Control and Prevention (CDC) reported

that children under age one and older than ten years comprised the highest percentage of
COVID-19associated hospitalizations in the pediatric population. Case and hospitalization
rates in children older than 10 years old were also higher than the mean for all pediatric
patients, suggesting that COVID-19 disease severity follows a bimodal age distribution
among pediatric patients (41). Data from Washington, D.C. and Korea identified a similar
bimodal distribution (42,43). In the pooled sample examined here, the largest proportion
of patients were between 5-9 years old whereas only 4% were adolescents 15-19 years.
The fact that many of the studies contributed cases from a single or a small number of
institutions could have contributed to a skewed patient age distribution.

We found that 20.8% of patients in this sample were asymptomatic, mostly identified
by contact tracing, household exposure to the virus, or targeted screening efforts. This
highlights that efforts to increase testing in children are important to identify these cases
in order to limit transmission in the community, although the role of asymptomatic
transmission by children remains a topic of investigation (41,42).

Our review showed that 41.6% of cases presented with only one non-specific symptom.
Therefore, symptom-based screening is neither sensitive nor specific as a tool to detect
SARS-CoV-2 infection in children; for example, only 62.4% of patients presented with
fever. Furthermore, children presented with a variety of other non-specific symptoms
referable to the upper respiratory tract (fever, cough, nasal congestion), gastrointestinal
tract (vomiting, diarrhea), or neurologic system (headache, seizure). A recent meta-analysis
also described fever and cough as the most common presenting symptoms in children with
diarrhea occurring in a minority of patients (43). While anosmia and ageusia have been
described as early symptoms of COVID-19 in adults, we did not identify a single case in
our study that reported these symptoms in children. However, this may be due to a reporting
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bias as young children may have difficulty articulating these symptoms. As several cases had
prolonged shedding of viral material in fecal samples detected by PCR assays, the role of
fecal-oral transmission also needs further investigation.

The time between symptom onset to presentation to the hospital ranged from 0-17 days,
although this may be due to late identification early in the outbreak before widespread
testing became available or due to quarantine delaying presentation to a medical facility.
In the United States, up to 23% of childhood cases have been reported to the CDC

as having an underlying condition, however only three of the patients analyzed in this
review had comorbid conditions (41). Our results are consistent with other systematic
reviews examining patients primarily from China and other countries where few patients
were reported with comorbid conditions (44). Only four patients required transfer to the
intensive care unit, and the mean time to discharge for hospitalized patients was 12 days
(IQR=7). These differences may be due to variations in virulence of circulating viral strains,
population structure or host characteristics such as nutritional status.

The radiological findings frequently did not match the patient’s clinical presentation, as
76.9% of asymptomatic patients had abnormal lung images and almost one-third of children
with chest imaging done had no abnormal radiographic findings. Similar to findings in
adults, ground-glass opacities were the most frequent abnormality identified on CT, but

in contrast to adults, children were not identified as having interlobular septal thickening.
Cough as a presenting symptom did not appear to correlate with abnormal lung findings
more so than any other presenting symptom. Due to the variability of imaging findings,
some have called into question the use of CT in the workup of children with suspected
CoVvID-19.

Post-infection sequelae

Unique to SARS-CoV-2, reports have highlighted the risk for severe post-infectious sequelae
(45-47). Verdoni et al. reported eight patients in Italy with Kawasaki-like disease (38). More
recent reports from the United States, United Kingdom and Europe characterizing the now
recognized multi-system inflammatory syndrome (MIS-C) in children were not included

in this search because criteria focused on primary infection with SARS-CoV-2 (48-51).
Because it appears that MIS-C may present weeks after initial SARS-CoV-2 infection, it

is likely that the patients included in this study were not followed for a time course that

was ample enough to detect these symptoms and relate them to COVID-19 (52-53). Future
investigations on MIS-C should aim to correlate primary COVID-19 signs and symptoms
with MIS-C incidence and presentation to identify and validate useful predictive factors for
developing this potentially life threatening condition. We found that younger children tended
to have greater elevations in WBC, CRP, ESR, AST, LDH, D-dimer than older children.
While thrombocytopenia and lymphopenia has been correlated with disease severity in
adults, although these findings were infrequently reported in children. More research is
needed into the long-term consequences of SARS-CoV-2 infection during childhood.
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Our study has several limitations. Our search strategy across six databases may have
excluded some publications published prior to May 15 that were not indexed in databases at
the time of the literature review. Few studies included individual patient details or clinical
follow-up; thus, our findings may not reflect the true spectrum of disease or post-infection
inflammatory sequelae. The small number of reported adolescents for this review limits our
ability to describe the full spectrum of clinical features in that age group. Data was not
collected prospectively in most studies, so recruitment bias likely exists. Furthermore, a
majority of the patients were from China during the early phase of the pandemic, so we are
unable to analyze differences in presentation by country. The time span covered by these
papers coincides with large outbreaks in a handful of countries prior to April 19, 2020.
However, since then more studies have provided data from other countries, so our limited
sample may introduce bias to our findings.

Unlike other systematic reviews of children that summarized aggregated data, this review
compiled individual participant data for 125 children with documented SARS-CoV-2
infection. The information was derived from 22 publications from January 1 to May

15, 2020 according to standardized PRISMA guidelines. Children from China, Italy,
Malaysia, Iran, and the United States were included in the study. Our findings indicated
that no individual presenting symptom, sign, laboratory test or radiological finding could
reliably predict a diagnosis of COVID-19. At the time of testing, one-fifth of children

had asymptomatic infections, under two-thirds had only one symptom. Notably, chest
radiographs or CT scans were abnormal in three-quarters of asymptomatic children.
Therefore, widespread community-based testing will be needed to diagnose, isolate and
possibly treat infected children to effectively combat the COVID-19 pandemic while
awaiting a highly effective vaccine. The findings highlight the challenges of diagnosing
COVID-19 in pediatric patients due to the wide variety of symptoms and the seemingly poor
correlation of imaging findings with symptomatic disease. These challenges emphasize the
importance of having a low threshold for testing pediatric patients for SARS-CoV-2.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Impact

This systematic review revealed that the majority of children with COVID-19
presented with either no symptoms or a single, non-respiratory symptom.

By using an independent participant data approach, this analysis underscores
the challenge of diagnosing COVID-19 in pediatric patients due to the wide
variety of symptoms and seemingly poor correlation of imaging findings with
symptomatic disease.

The data presented from individual patients from case series or cohort studies
adds more granularity to the current description of pediatric COVID-19.
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Figure 1.

Flowchart of study selection process for individual patient data extraction. Study selection
was done in accordance with the PRISMA IPD guidelines.
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Figure 2.

Trends for pediatric COVID-19 patients by age. Heat map representing the proportion of
patients with each presenting symptom (A), clinical sign (B) or abnormal lab values (C)
compared to all patients of that age who had information available. Diagonal line indicates
that no patients of that age had information available.
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Table 1.
Studies included for systematic analysis
Study n Cities Country Study period Publication
Jietal. (20) 2 Beijing China prior to Jan 25 Mar 16
Lietal.(17) 5 Zhuhai City China Jan 28 - Feb 8 Mar 11
Liu H et al.(23) 4 Hubei Province China Jan 27-Feb 14  Mar 21
Liu M et al.(25) 5 Chongging China Mar 25
Liu W et al. (29) 6  Wuhan, Huangshi China Jan7 - Jan 15 Apr 2
Lou et al. (24) 3 Zhengzhou China Mar 22
Paret et al. (35) 2 New York City, NY United States  late March Apr 17
Parri et al. (37) 9 Florence, Rome, Milan, Brescia, Genova, Padua, Bergamo, Italy Mar 3-Mar 27 May 4
Turin, Lodi, Udine, Verona, Lavagna, Pistoia, Varese,
Bologna, Pordenone, Catanzaro, Cosenza
Rahimzadeh et al. (36) 9 Chalus city, Sari city, Gonabad city, Tehran city Iran April
See et al. (34) 4 Sungai Buloh, Langkawi, Seremban Malaysia priorto Feb 29  Apr 15
Shen et al. (31) 9 Changsha China Jan 8 - Feb 19 Apr7
Su et al. (26) 9 Jinan, Shandong China Jan 24 -Feb 24  Mar 25
Sun et al. (22) 8  Wuhan China Jan24-Feb24  Mar 19
Tan et al. (33) 10 Hunan China Jan 27 - Mar 10 Apr 10
Verdoni et al. (38)3 8 Bergamo Italy March-April May 13
Wei et al. (15) 9 Beijing, Hainan, Guangdong, Anhui, Shanghai, Zhejiang, China Dec 8 - Feb 6 Feb 14
Guizhou
Xing et al. (18) 3 Qingdao China Jan 17 -Feb 23  Mar 13
XuRetal. (14) 2 Guizhou province China 27-Jan Feb 29
XuY etal. (19) 10 Guangzhou China Jan22-Feb20 Mar 13
Zhang T et al. (28) 3 Tianjin China Feb 3 - Feb 17 Mar 29
Zheng et al. (39) 2 Hubei China Feb 1-Feb 10 Mar 24

n, patients studied

a . . . . . .
Two patients were excluded from Verdoni et al. because all three samples tested from different sites were negative for the virus
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Patient Demographics

Table 2.

Total, n
Age, years, median (IQR)
<1
1-4
5-9
10-14
15-19
Sex, n (%)
Female

Male

Underlying Conditions,a n (%)

Country, n (%)
China
Italy
United States
Malaysia

Iran

123
5(8)

27 (22.0%)
29 (23.6%)
46 (37.4%)
16 (13.0%)
5 (4.1%)

56 (45.5%)
67 (54.5%)
3 (2.4%)

100 (81.3%)
14 (11.4%)
2 (1.6%)

4 (3.3%)

3 (2.4%)

Page 16

aUnderIying conditions included asthma (no. 106), autism (no. 112), and epileptic encephalopathy with tracheostomy dependence (no. 118).
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