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Introduction

Coronavirus is a highly contagious pathogen which mainly
affects the respiratory system. Previous outbreaks of this
virus include the severe acute respiratory syndrome (SARS-

CoV) and the Middle East respiratory syndrome (MERS-CoV)
which caused major impact on the public health. In Decem-
ber 2019, many patients were hospitalized in Wuhan, China,
with pneumonia of an unknown cause.1 The offending
pathogen was identified and nominated as 2019 novel
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Abstract The clinical manifestations of novel coronavirus disease 2019 (COVID-19) vary from
mild flu-like symptoms to severe fatal pneumonia. However, children with COVID-19
may be asymptomatic or may havemild clinical symptoms. The aim of this study was to
investigate clinical features of pediatric COVID-19 and to search for the factors that
may mitigate the disease course. We reviewed the literature to realize the clinical
features, laboratory, and radiographic data that may be diagnostic for COVID-19
among children. Also, we studied the factors that may affect the clinical course of the
disease. Fever, dry cough, and fatigue are the main symptoms of pediatric COVID-19,
sometimes flu-like symptoms and/or gastrointestinal symptoms may be present.
Although some infected children may be asymptomatic, a recent unusual hyper-
inflammatory reaction with overlapping features of Kawasaki’s disease and toxic shock
syndrome in pediatric COVID-19 has been occasionally reported. Severe acute
respiratory syndrome-coronvirus-2 (SARS-CoV-2) nucleic acid testing is the corner-
stone method for the diagnosis of COVID-19. Lymphocyte count and other inflamma-
tory markers are not essentially diagnostic; however, chest computed tomography is
highly specific. Factors that may mitigate the severity of pediatric COVID-19 are home
confinement with limited children activity, trained immunity caused by compulsory
vaccination, the response of the angiotensin-converting enzyme 2 receptors in children
is not the same as in adults, and that children are less likely to have comorbidities. As
infected children may be asymptomatic or may have only mild respiratory and/or
gastrointestinal symptoms that might be missed, all children for families who have a
member diagnosed with COVID-19 should be investigated.
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coronavirus (2019-nCoV) which is a new coronavirus that
has never been detected in humans before.2 Since then, the
number of patients has increased dramatically, and the
World Health Organization (WHO) named the virus as
SARS-CoV-2 and the illness as novel coronavirus disease
2019 (COVID-19) on February 11, 2020. WHO has declared
the outbreak as a pandemic disease on March 11, 2020.3

The clinical manifestations of COVID-19 vary from mild
flu-like symptoms to severe fatal pneumonia, fortunately the
commonest presentation is the mildest form of the disease.4

Indeed, most published data showed that the disease has a
mild clinical course and a better prognosis in children.5

However, an unusual hyperinflammatory illness with over-
lapping features of Kawasaki’s disease (KD) and toxic shock
syndrome in children with COVID-19 has been detected.6

Although this pediatric inflammatory multisystem syn-
drome is rarely reported to be associated with SARS-CoV-2
infection, it caused a major concern.7 Literature from China,
Italy, and the United States reported a pediatric incidence of
COVID-19 that ranged from 1.2 to 5% of infected population.3

The disease is usually transmitted by droplet infection, and
the infection source of children is often one of the adult
familymembers,with an incubationperiod ranging from2 to
10 days.5,8 As pediatric patients are usually vulnerable to
respiratory infections, and as COVID-19 among them may
have a milder course that may be similar to common cold,9

delayed diagnosis of COVID-19 among children may be a
problem. The objective of this study was to investigate the
clinical manifestations, diagnostic criteria, and the factors
that may mitigate its clinical course among pediatric
patients.

Methods

A thorough review of PubMed, Science Direct, and Web of
Science of articles published until July 2020 was conducted;
using the keywords COVID-19, pediatrics, children, severity,
and laboratory and radiographic findings. No language
restrictions were applied. All articles were evaluated for
inclusion and screened by titles and abstracts for relevance
and possible eligibility. Due to the increasing numbers of
papers on pediatric COVID-19, studies were deemed eligible
for inclusion if they were closely related to our topic either
review articles, original studies, case series, or case reports.
Articles that report clear and extractable data on clinical,
laboratory, and radiographic findings of pediatric COVID-19
were included. Articles with reiterated data were excluded,
so we did not assess the risk of bias or grade the level of the
generated evidence.

Clinical Manifestations

The most common clinical manifestations of COVID-19 are
fever, fatigue, cough, and expectoration; other symptoms
included myalgia, anorexia, chest tightness, shortness of
breath, and dyspnea.10,11 However, infected children may
look asymptomatic or may have mild noncharacteristic
symptoms, such as dry cough, mild fever, and fatigue, as

well as upper respiratory infection symptoms, including
nasal obstruction and running nose. Also, some patients
may present with gastrointestinal (GIT) symptoms as ab-
dominal pain, nausea, vomiting, and diarrhea.3,9 However,
children may present with upper respiratory infection
and/or diarrhea only, and the travel history of a family
member may raise the suspicion of diagnosis for COVID-
19.12 Indeed, clinically asymptomatic children who had a
positive SARS-CoV-2 test have been reported.13 On the other
hand, severe pneumonia with dyspnea, cyanosis, and sys-
temic toxic manifestations as malaise, restlessness, loss of
appetite, poor feeding, and less activity have also been
reported as a presentation in some children.14,15 So, vari-
ability of clinical manifestations of the disease among pedi-
atric patients should be expected.12 Adult and elderly
patients usually present with more severe symptoms with
an incidence of respiratory failure and/or acute respiratory
distress syndrome of approximately 19.5%.11 They may even
develop septic shock, refractory metabolic acidosis, and
coagulation dysfunction rapidly within 1 week.9 However,
the development of these catastrophic complications with
multiorgan dysfunction is rarely reported in children that
usually have good prognosis and may recover within 1 to
2 weeks from disease onset.5–7,16

Laboratory Evaluation

SARS-CoV-2 nucleic acid testing is the corner-stone method
for diagnosis of COVID-19. It can be detected by reverse
transcriptase–polymerase chain reaction (RT-PCR) or
throughviral gene sequencingof throat swabs, sputum, stool,
or blood samples.15 Adult patients usually show increased
leukocyte and neutrophil counts with a significant decrease
in the absolute number of lymphocytes at an early stage of
the disease. In children, white blood cell count and absolute
lymphocyte number are usually normal; however, lympho-
cyte depletion could occur at a later stage.17–19 Henry et al18

reported that the leucocyte count of childrenwith COVID-19
was normal in 69.6%, increased in 15.2%, and decreased in
15.2%; and the majority of them had normal neutrophil
counts. Lymphopenia has been found by Wang et al20 in
only 3% of pediatric patients, while it was found by Yang
et al21 in 80% of adult patients; however, all children in the
former studywere asymptomatic or hadmildmanifestations
and most adult patients in the latter study were critically ill.
The lack of lymphopenia in children may be due to the mild
form of the disease among this sector of patients, as it may
correlatewith severity of infection.18However, lymphopenia
may not occur in young children due to the relative immune
system immaturity with differences in the immune response
when compared with adults.14 C-reactive protein (CRP) and
procalcitonin (PCT) which are inflammatory markers were
noticed to be elevated in 13.6 and 10.6% of pediatric patients,
respectively. However, in adult patients both CRP and PCT
were seen elevated especially with unfavorable progres-
sion.18 Xia et al19 detected PCT elevation in 80% of pediatric
patients, and they stressed on this important finding in the
diagnosis; however, Chen et al15 reported that an elevated
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PCT level may indicate bacterial coinfection which is com-
mon in children. Also, severe cases may have elevated liver
enzymes, muscle enzymes, myoglobin, and D-dimer. Serum
ferritin has been reported to be highly elevated in children
with severe form of the disease.22 Patients with hyperin-
flammatory response usually have elevated serum cytokines,
especially tumor necrosis factor α (TNFα) and interleukin-6
(IL-6) that may indicate tissue damage.5,22

Radiographic Examination

As most of the children with COVID-19 have mild disease,
plain chest X-ray may be invaluable, and chest computed
tomography (CT) is usually needed to identify the pulmonary
lesions.2 However, 70 to 80% of pediatric patients may have
radiographic lung abnormalities on chest CT.19,23 The lesions
are usually subpleural with localized inflammatory infiltra-
tion which may be unilateral in approximately 30% and
bilateral in approximately 50% of patients. They may be in
the form of consolidation with surrounding halo sign in 50%,
ground glass opacities in 60%, fine mesh shadow in 20%, and
very small nodules in 15%.19 Li et al24 reported that CT can be
helpful in the diagnosis of the disease as the current labora-
tory tests are time consuming and sometimes demonstrate
false-negative results, and do not always keep up with the
needs of a growing number of infected people.

Discussion

Fever, dry cough, and fatigue are the main symptoms of
pediatric COVID-19, sometimes, flu-like and/or GIT symp-
toms may be present. However, some infected children may
be asymptomatic.3 An important observation is that children
who were diagnosed with COVID-19 had been infected from
household family contacts.2 However, the population sus-
ceptible to infection is mainly older adults with low immu-
nity, and there have been few reports of pediatric patients.24

Ludvigsson3 reported that children represented 2% of diag-
nosed patients in China, 1.2% of patients in Italy, and 5% of
COVID-19 positive cases in the United States. As the children
may remain asymptomatic or even undiagnosed due to mild
clinical symptoms, they might be considered a potential
source of infection to their surrounding community.25

On the other hand, SARS-CoV-2 infection has been linked
to a severe form of hyperinflammatory reactions in some
pediatric patients.26 Recently, cases of a pediatric inflamma-
tory multisystem syndrome with features mimicking KD
have been reported in many countries.22,27 KD is considered
a main cause of acquired heart disease in developed coun-
tries.22 Infectious agents could be the main trigger of KD,
although no specific organism has been specified yet.28

However, host genetic factors may be involved in the patho-
physiology of KD, which may result in overactivation of the
innate immune system of the child.29,30

The rarity of the disease and its mild clinical course
amongmost childrenmay be attributed to different reasons.
The decreased activities of children due to home confine-
ment may have limited the disease spread. SARS-CoV-2 is

one of the RNA viruses which are prone to errors in replica-
tion and mutation with lowering of their virulence. As
children are mainly infected by their adult family members,
they may be infected with the second, third, or even fourth
generation of the virus, thereby get milder symptoms.2 Less
dysfunction of the immune system of the children may be
due to the theory of the trained immunity caused by the use
of certain vaccines such as Bacille Calmette–Guerin (BCG) to
train innate immunity to acquire immune memory. Most
children of Asian countries received regular immunizations
including BCG that has been proved to give nonspecific
protection of mice against influenza virus infection, proba-
bly by the induction of trained immunity. So, the mild
clinical symptoms of COVID-19 in children may be due to
trained immunity.17 Also, some authors reported that
patients who received measles, mumps, and rubella
(MMR) vaccine showed reduced death rate from COVID-
19.29 Adult patients with COVID-19 usually show a signifi-
cant lymphopenia at an early stage of the disease, which is
not the case in children; supporting the theory of trained
immunity.2,17,25 It has been reported that entry of the SARS-
CoV-2 into the host cells is most likely via the angiotensin-
converting enzyme 2 (ACE2) receptors which is similar to
SARS-CoV.1 The number and/or the function of ACE2 recep-
tors in children is not the same as in adults, which might
explain the difference in severity of the disease.2 Further-
more, the respiratory mucosa of children may have many
different types of viruses which may limit the growth of
SARS-CoV-2.5 Also, we can’t ignore that the children usually
have less comorbidities than adults, with less smoking
exposure, and they have more self-healing capacity. All
these factors may decrease the severity of the clinical course
of the COVID-19 in children.

Our study showed that the diagnosis of COVID-19 among
the pediatric population is dependent mainly on detection of
the viral nucleic acid either through viral gene sequencing of
throat swabs, sputum, stool, or blood samples, or by RT-PCR.
However, hematologic parametersmaynot be diagnostic and
are usually related to the immune response against the viral
infection. Chest CT may be helpful in the diagnosis of the
disease as it may showabnormalities in 70 to 80% of cases. As
the current laboratory tests may be not available, and they
are time consuming and sometimes give false-negative
results, the impact of chest CT increases as a diagnostic
criterion for pediatric COVID-19. Especially, if the radio-
graphic changes were associated with a history of contact
of the child to a family member confirmed to have the
disease.24

Limitations

A major limitation of our study is that the data of COVID-19
among pediatric population is insufficient, and that the
literature is still inadequate to clarify all aspects of the
disease. However, we have attempted to explain the charac-
teristics of the disease in children and to present the factors
that may lie behind the mild clinical form of the disease in
children.
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Conclusion

Infection in children with SARS-CoV-2 is mostly transmitted
from an infected family member. Infected children may be
asymptomatic or may have only mild respiratory and/or GIT
symptoms that might be missed. As the disease has a mild
form among pediatric patients that may be undiagnosed,
they may act as a potential source for spread of infection.
Factors that may mitigate the severity of pediatric COVID-19
are as follows: home confinement with limited children
activity, trained immunity caused by compulsory vaccina-
tion, the response of the ACE2 receptors is not the same as in
adults, and that children are less likely to have comorbidities.
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