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Abstract

Background: The severity of lung involvement associated with SARS-CoV-2 infection
levels from lack of symptoms or slight pneumonia (in 81%) to excessive disease-
associated hypoxia (seen in 14%), a critical disease associated with shock, respiration
failure, and multi-organ failure (in 5%) or death (2.3%). Aim: This work aims to
determine the prevalence of clinical and radiological manifestations among children
and adolescents COVID-19 patients. Materials and Methods: A systematic search
was performed over different medical databases to identify Pediatrics studies, which
studied the outcome of COVID-19 infection in children and adolescents. Using the
meta-analysis process, either with fixed or random-effects models, we conducted a
meta-analysis on the prevalence of clinical manifestations (e.g., fever, nasal congestion,
cough, dyspnea, abdominal pain, diarrhea, and critical cases), as primary outcomes,
and on radiological manifestations (e.g., CT involvement — ground-glass opacities), as
a secondary outcome. Pooled prevalence of abdominal pain=9.6%, pooled prevalence
of critical cases=7.7%. Results: Eight studies were identified involving 682 patients. The
meta-analysis process revealed a pooled prevalence of fever=61.1%, a pooled prevalence
of nasal congestion=8%, pooled prevalence of cough=49.7%, pooled prevalence of
dyspnea=21.4%, pooled prevalence of diarrhea=13.3%, pooled prevalence of critical
cases=7.7%. Concerning the secondary outcome measures, the pooled prevalence of
CT involvement=41.6%. Conclusion: To conclude, COVID-19 disease cause different
manifestations in children such as fever and respiratory symptoms such as cough and

dyspnea, organizing pneumonia and decreased pulmonary function.
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Introduction

The world health organization (WHO) in 2012 discovered the
Middle East respiratory syndrome coronavirus (MERS-CoV)
infection. ! The current pandemic as a result of the severe acute
respiratory syndrome coronavirus (SARS-CoV-2), continues to
spread. Even though the respiratory complications of SARS-
CoV-2 have been described, the effect on the gastrointestinal
and hepatic systems remains unknown, with conflicting levels
referred to in preliminary cases from China and Singapore.
They purposed to signify the gastrointestinal manifestations in
patients with SARS-CoV-2. 2!

Several risk factors are associated with this disease. In a cohort
study, advanced age was found to be significantly correlated
with overall COVID-19 prevalence, which is consistent with
the higher incidence. The sex is another risk factor as a higher
prevalence has been seen in men than women. B!

The severity of lung involvement associated with SARS-CoV-2

infection levels from lack of symptoms or slight pneumonia (in

81%) to excessive disease-associated hypoxia (seen in 14%),
1193

a critical disease associated with shock, respiration failure,
and multi-organ failure (in 5%) or death (2.3%). It is the most
common critical disease manifestation. Patients might also gift
with a dry cough, fever, sputum manufacturing, fatigue, and
dyspnea, and the pronounced frequency varies primarily based
on the cohort studied. ™

This work aims to determine the prevalence of clinical and
radiological manifestations among children and adolescents
COVID-19 patients.

Literature Review

Our review came following the (PRISMA) statement guidelines. 1*!
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Study eligibility

The included studies should be in English, a journal published
article, and a human study describing children and adolescents
COVID-19 patients. The excluded studies were non-English, or
animal studies, or describing adult COVID-19 patients.

Study identification

Basic searching was done over the PubMed, Cochrane
library, and Google scholar using the following keywords:
Manifestations, COVID-19, Children and adolescents.

Data extraction and synthesis

RCTs, clinical trials, and comparative studies, which studied the
outcome of children and adolescents COVID-19 patients, will
be reviewed.

Outcome measures: the prevalence of clinical manifestations
(e.g., fever, nasal congestion, cough, dyspnea, abdominal pain,
diarrhea, and critical cases), as primary outcomes, and on
radiological manifestations (e.g., CT involvement — ground-
glass opacities), as a secondary outcome.

Study selection

We found 190 records, 111 excluded because of the title; 79
articles are searched for eligibility by full-text review; 35 articles
cannot be accessed; 16 studies were reviews and case reports;
20 were not describing functional outcome; studies leaving 8
studies that met all inclusion criteria.

Statistical analysis

Pooled Proportions (%), with 95% confidence intervals (CI)
assessed, using statistical package (MedCalc, Belgium). The

fixed-effects model or the random-effects model), according to
Q test for heterogeneity.

Results
The included studies were all published in 2020 [Table 1]. 13!

Regarding patients’ characteristics, the total number of patients
in all the included studies was 682 patients, and their average
age was (7.3) years [Table 1].

A meta-analysis study was done on 8 studies; with an overall
number of patients (N=682) [Table 2]. -3

Each outcome was measured by:
Proportions (%)
* For the prevalence of fever.
» For the prevalence of nasal congestion.
* For the prevalence of cough.
* For the prevalence of dyspnea.
» For the prevalence of abdominal pain.
» For the prevalence of diarrhea.
* For the prevalence of critical cases.
* For the prevalence of CT involvement.

Concerning the primary outcome measure, we found all 8
studies reported fever. I> (inconsistency) was 92.5%, Q test
for heterogeneity (p < 0. 0001), so random-effects model was
carried out; with a pooled prevalence of fever=61.1% (p <0.01),
[Figure 1].

meta-analysis process established via I>-statistics (either the ~ We found all 8 studies reported nasal congestion. I’
Table 1: Patients and study characteristics.
N Author Number of patients Age
Total (average years)

1 Covid et al. @ 291 -

2 Derespina et al. [ 70 15

3 Feng et al. @ 15 8

4 Mamishi et al. ©@ 24 6

5 Mehta et al. '@ 171 7

6 Tagarro et al. '"! 41 1

7 Zachariah et al. ['2 50 12

8 Xia et al. ['¥ 20 2

#Studies arranged alphabetically.

Table 2: Summary of outcome measures in all studies.

Primary outcomes

Secondary outcome

N Author Fever Nasal. Cough Dyspnea Abdor_ninal Diarrhea Critical CT involvement
congestion pain cases
1 Covid et al. @ 163 21 158 39 17 37 - -
2 Derespina et al. 51 9 50 45 24 18 9 35
3 Fengetal. ® 5 - 1 - - - 0 2
4 Mamishi et al. © 24 1 15 7 5 3 3 15
5 Mehta et al. "% 71 9 83 0 0 15 3 32
6 Tagarro et al. '] 11 -- 14 - - 2 4 -
7 Zachariah et al. "2 40 6 23 17 7 7 9 25
8 Xia et al. 13 12 3 13 2 0 3 0 12
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(inconsistency) was 28%, Q test for heterogeneity (p > 0.05), so
fixed-effects model was carried out; with a pooled prevalence of
nasal congestion=8% (p > 0.05), [Figure 2].

We found all 8 studies reported cough. I? (inconsistency)
was 81%, Q test for heterogeneity (p < 0.0001), so random-
effects model was carried out; with a pooled prevalence of
cough=49.7% (p < 0.001), [Figure 3].

We found 6 studies reported dyspnea. I? (inconsistency) was
97.2%, Q test for heterogeneity (p < 0.0001), so random-
effects model was carried out; with a pooled prevalence of
dyspnea=21.4% (p < 0.05), [Figure 4].

We found 6 studies reported abdominal pain. I? (inconsistency)
was 94%, Q test for heterogeneity (p < 0.0001), so random-
effects model was carried out; with a pooled prevalence of
abdominal pain=9.6% (p < 0.05), [Figure 5].

We found 7 studies reported diarrhea. I? (inconsistency) was 56%,
Q test for heterogeneity (p=0.034), so random-effects model
was carried out; with a pooled prevalence of diarrhea=13.3% (p
<0.05), [Figure 6].

We found 7 studies reported critical cases. I? (inconsistency)

Random-effects model (p < 0.01)
Pooled prevalence of (Fever) = 61.1%

Meta-analysis

Covid et al., 2020 - —{ -
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Figure 1: Forest plot (Fever).

Fixed-effects model (p > 0.05)
Pooled prevalence of (Nasal congestion) = 8%
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Figure 2: Forest plot (Nasal congestion).

Random-effects model (p < 0.01)
Pooled prevalence of (Cough) = 49.7%
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Figure 3: Forest plot (Cough).

Random-effects model (p < 0.01)
Pooled prevalence of (Dyspnea) = 21.4%

Meta-analysis
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Figure 4: Forest plot (Dyspnea).

Random-effects model (p < 0.01)
Pooled prevalence of (Abdominal pain) = 9.6%

Meta-analysis
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Figure 5: Forest plot (Abdominal pain).

was 76.6%, Q test for heterogeneity (p=0.0003), so random-
effects model was carried out; with a pooled prevalence of
critical cases=7.7% (p < 0.05), [Figure 7].

Concerning the secondary outcome measures, we found 6
studies reported CT involvement. I (inconsistency) was 90%, Q
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Random-effects model (p < 0.05)
Pooled prevalence of (Diarrhea) =13.3%
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Figure 6: Forest plot (Diarrhea).
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Figure 7: Forest plot (Critical cases).

test for heterogeneity (p <0.0001), so random-effects model was
carried out; with a pooled prevalence of CT involvement=41.6%
(p <0.05), [Figure 8].

Discussion

This work aims to determine the prevalence of clinical and
radiological manifestations among children and adolescents
COVID-19 patients. The included studies were all published in
2020. Regarding patients’ characteristics, the total number of
patients in all the included studies was 682 patients, and their
average age was (7.3) years. A meta-analysis study was done on
8 studies; with an overall number of patients (N=682).

Concerning the primary outcome measure, we found all 8
studies reported fever. I* (inconsistency) was 92.5%, Q test
for heterogeneity (p < 0.0001), so random-effects model was
carried out; with a pooled prevalence of fever=61.1% (p <0.01).
Which came in agreement with Mantovani et al., [' Cholankeril
et al., ™ Adhikari et al. 1]

Mantovani et al. reported that, 2855 (mainly Chinese) children
and/o adolescents (mean age 6.9 £+ 7.0 years; 50.3% males) with
COVID-19 disease by PCR testing. Eighteen of the eligible

studies provided data on major adverse events, whereas one
described only the severity of the disease. Overall, 47 percent of
children had a fever (98.6%). [

Cholankeril et al. reported that 116 patients with confirmed
SARS-CoV-2 were identified. Overall, the average age was 50
years with a higher distribution of males (53.4%) and Caucasians
(50.9%). The most common symptoms at presentation included
cough (94.8%), fever (76.7%), dyspnea (58%), and myalgias
(52.2%). 2

Adhikari et al. reported that the complete clinical manifestation
is not clear yet, as the reported symptoms range from mild
to severe, with some cases even resulting in death. The most
commonly reported symptoms are fever, cough, myalgia or
fatigue, pneumonia, and complicated dyspnea, whereas less
commonly reported symptoms to include headache, diarrhea,
hemoptysis, runny nose, and phlegm producing cough. '3

We found all 8 studies reported nasal congestion. I?
(inconsistency) was 28%, Q test for heterogeneity (p > 0.05), so
fixed-effects model was carried out; with a pooled prevalence of
nasal congestion=8% (p > 0.05), which came in agreement with
Mantovani et al. '

Mantovani et al. reported that, total of 2855 (mainly Chinese)
children and/or adolescents (mean age 6.9 + 7.0 years; 50.3%
males) with confirmed diagnosis of COVID-19 disease by
nasopharyngeal swabs47% of children had fever (1>=98.6%),
37% cough (1>=98.6%), 4% diarrhea (1>=92.2%), 2% nasal
congestion (12=87.7%). 14

We found all 8 studies reported cough. I? (inconsistency) was
81%, Q test for heterogeneity (p < 0.0001), so random-effects
model was carried out; with a pooled prevalence of cough=49.7%
(p < 0.001), which came in agreement with Badawi & Ryoo ™!
and Gavriatopoulou et al. 4

Badawi & Ryoo reported that a meta-analysis of the identified
studies showed that the most prevalent clinical symptoms were
cough (80. 5% and fever (77. 6%). [

Random-effects model (p < 0.01)
Pooled prevalence of (CT involvement) = 41.6%

Meta-analysis
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Figure 8: Forest plot (CT involvement).
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Gavriatopoulou et al. reported that a study in China included
1099 patients and demonstrated that the most common
symptoms on admission were fever (43.8%) and cough (67.8%).
Gastrointestinal symptoms were less common—nausea or
vomiting 5% and diarrhea 3.8%, respectively.

We found 6 studies reported dyspnea. I? (inconsistency) was
97.2%, Q test for heterogeneity (p < 0.0001), so random-
effects model was carried out; with a pooled prevalence of
dyspnea=21.4% (p < 0.05), which came in agreement with
Badawi & Ryoo, ['! Cholankeril et al. ™ and Lang et al. '®

Badawi & Ryoo reported that a meta-analysis of the identified
studies showed that the most prevalent clinical symptoms were
cough (80. 5%, and fever (77. 6%), followed by shortness of
breath (68. 8%). [

Cholankeril et al. reported that, overall, the median age was
50 years, with a higher distribution of male (53.4%) and white
(50.9%) patients. 27.9% of patients were noted to be obese with
a body mass index >30 kg/m2. 11.6% of the patients were health
care practitioners or allied staff. The most common symptoms
at presentation included cough (94.8%), fever (76.7%), dyspnea
(58%), and myalgia’s (52.2%). 2!

Lang et al. reported that the average age was 58 + 19 years and
23 patients (48%) were female [Table 1]. The most common
presenting symptoms include cough (71%), fever (60%), and
shortness of breath (58%). Hypertension (48%), obesity (44%),
history of malignancy (23%), and diabetes (19%) were the
four most prevalent comorbidities. No patients had prior liver
disease. 11

We found 6 studies reported abdominal pain. I? (inconsistency)
was 94%, Q test for heterogeneity (p < 0.0001), so random-
effects model was carried out; with a pooled prevalence of
abdominal pain=9.6% (p < 0.05), which came in agreement
with Gavriatopoulou et al. ™

Gavriatopoulou et al. reported that, in total, 99 patients (48.5%)
had gastrointestinal symptoms. The symptoms included
anorexia (83.8%), diarrhea (29.3%), vomiting (8.1%) and
abdominal pain (4.0%).

We found 7 studies reported diarrhea. I (inconsistency) was 56%,
Q test for heterogeneity (p=0.034), so random-effects model
was carried out; with a pooled prevalence of diarrhea=13.3%
(p <0.05), which came in agreement with Cholankeril et al. [

Cholankeril et al. reported that gastrointestinal manifestations
found in 32% of cases. Loss of appetite in 22.3%, nausea,
vomiting and diarrhea in 12% respectively. The average duration
of gastrointestinal symptoms including nausea, vomiting or
diarrhea was 1 day; which was significantly shorter than the
duration of respiratory symptoms (P < 0.01). @

We found 7 studies reported critical cases. I* (inconsistency)
was 76.6%, Q test for heterogeneity (p=0.0003), so random-
effects model was carried out; with a pooled prevalence of
critical cases=7.7% (p < 0.05). Which came in agreement with
Lala et al., (' Mantovani et al., '] Espinosa et al. !

Lala et al. reported that, of 2736 COVID-19 patients included

in our study 18.5% died, 41.4% were discharged, and 40.1%
remained hospitalized. The median length of stay was 5.75
days. In a Cox proportional hazards regression model, increased
age, increased BMI, and higher illness severity were associated
with increased risk of death. ['7

Mantovani et al. reported that, 2855 (mainly Chinese) children
and/o adolescents (mean age 6.9 years; 50.3% males) with a
confirmed diagnosis of COVID-19 disease by nasopharyngeal
swabs. Eighteen of the eligible studies provided data on major
adverse events, whereas one described only the severity of the
disease. Children and adolescents presented mild symptoms in

72 cases, whereas only 4% of patients were considered critical.
[14]

Espinosa et al. reported that in the 39 studies used to calculate
the pooled prevalence of comorbidities, 89,238 patients affected
by COVID-19 were analyzed; 11,341 (12.7%) presented one or
more comorbidities, 2,172 (2.4%) were admitted to the ICU,
and 3,532 (4%) patients died. ™!

Concerning the secondary outcome measures, we found 6 studies
that reported CT involvement. 12 (inconsistency) was 90% with
a highly significant Q test for heterogeneity (p < 0.0001), so
random-effects model was carried out; with a pooled prevalence
of CT involvement=41.6% (p < 0.05), which came in agreement
with Gavriatopoulou et al. ¥

Gavriatopoulou et al. reported that findings on chest radiograph
imaging are not disease-specific and usually include ground-
glass opacities with bilateral, peripheral, or lower lung with
or without consolidation. CT is highly sensitive, but couldn’t
rule out the diagnosis. CT findings are categorized into typical,
indeterminate, or atypical for COVID-19 demonstrating that
specificity is low even for CT

Conclusion

To conclude, COVID-19 disease cause different manifestations
in children such as fever and respiratory symptoms such as
cough and dyspnea, organizing pneumonia and decreased
pulmonary function.
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