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Abstract

The coronavirus disease 2019 (COVID-19) outbreak initiated in Wuhan, China and has spread rapidly all around the world and labeled
as a pandemic with almost 168,000 infected cases and 6,500 deaths globally up to March 16, 2020. It is believed that children are
less likely than adults to be infected with COVID-19. In this review, we discuss different aspects of COVID-19 infection in pediatrics.
COVID-19 in pediatrics occurs in the early stages of its outbreak at a high rate with a family cluster pattern mainly. Children infected
with COVID-19 are mostly asymptomatic carriers and the main potential causes of the spread and transmission of the disease in com-
munities. Asymptomatic children with no underlying disease or red flags should follow home isolation protocols. Children with
red flags, comorbidities and risk factors or those with severe pneumonia must be admitted to the hospitals. Children’s hospitals
should be equipped with the acute respiratory diseases ward, quarantine rooms, and intensive care unit to protect other patients
and health care staff during the COVID-19 outbreak.
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1. Context

The novel coronavirus (SARS-CoV-2 [2019-nCoV]) be-
longs to the broad family of viruses known as coron-
aviruses, which is a positive-sense single-stranded RNA (+
ssRNA) virus causing coronavirus disease 2019 (COVID-19).
It is a highly contagious pathogen with an incubation pe-
riod of 5.2 - 8 days (range, 1 - 14 days) (1, 2). The person-
to-person transmission rate of SARS-CoV-2 has estimated
to be 1.2% - 2.2% (2, 3). The 2019-nCoV outbreak initiated
in Wuhan, China in late November 2019 and has spread
rapidly all around the world and was labeled as a pandemic
with almost 168,000 infected cases and 6,500 deaths glob-
ally up to March 16, 2020.

Although coronavirus disease 2019 (COVID-19) has less
commonly reported in children. However, doubt has been
cast on this concept based on the recent improvements
and availability of screening methods. This study was a
comprehensive review of literature considering different
aspects of COVID-19 in pediatrics.

2. Evidence Acquisition

We conducted a comprehensive search for published
or unpublished (pre-print or even pre-proof accepted)

studies in PubMed Central, Medline, Scopus, EMBASE, Sci-
ELO, Google Scholar, and Cochrane Databases from 2019 up
to March 16, 2020. Four combinations of MeSH words were
used including ‘COVID-19’or ‘Coronavirus’ in combination
with ‘Pediatrics’ or ‘Neonates’. A total of 168 articles were
primarily retrieved.

The inclusion criteria included acceptance for being
published in an indexed journal, English-language studies,
and studying on2019-nCoV. Duplicate articles, non-English
studies, and letters to editor with no references were ex-
cluded. Finally, 34 studies met the inclusion criteria and
their data regarding the necessary information needed for
pediatricians, pediatric surgeons, and pediatric caregivers
about COVID-19 in children were extracted from these arti-
cles.

3. Results

3.1. COVID-19 in Pediatrics and Neonates

It is believed that children are less likely than adults
to be infected with COVID-19. It is estimated that less than
1% of pediatric younger than 10 years old are infected by
COVID-19 outbreak (1), which is almost 2.4% for those less
than 18 years old (4). The mortality rate of COVID-19 among
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children under 10 years old is almost zero (2). Primary
reports about CVID-19 outbreak in children were mislead-
ing as most infected children were asymptomatic and re-
mained unidentified. It has reported that after widespread
screenings children can be easily and highly infected in a
family cluster pattern (4).

COVID-19 is mainly transmitted by human-to-human
transmission through respiratory droplets, close contact,
aerosols, and possibly the fecal-oral route (4). Vertical
transmission of COVID-19 has not approved yet (5), how-
ever, its possibility has highly considered recently after re-
porting infected neonates born to mothers with COVID-
19 in the UK and Iran. Some other previous reports also
have presented infected neonates in the first few hours af-
ter birth (2, 6, 7).

Clinical manifestations of COVID-19 in pediatrics are
mild and non-specific. Most of the identified cases have
confirmed by screening tests among affected families. This
may explain the lower reported rate of COVID-19 among
children (8).

3.2. Importance of COVID-19 in Pediatrics

Symptomatic infection with COVID-19 is not common
in children, which may be due to higher respiratory re-
serve, fewer underlying diseases, and more effective innate
immune response in this group (1). The general prognosis
may result in favorable outcomes in pediatrics.

2019-nCoV like other coronaviruses (CoVs) uses
angiotensin-converting enzyme 2 (ACE2) as a cell receptor.
ACE2 has a protective role against severe inflammatory
lung injuries (1) and there is a negative relation between
tissue ACE2 expression and severity of pneumonia and sus-
ceptibility to COVID-19 (9, 10). Animal studies and human
evidence have shown downregulation of ACE2 expression
by aging and also ethnicity (1, 9).

Regarding these age-related differences, other reports,
and clinical experiences, most of the children infected
with COVID-19 will be asymptomatic carriers and the main
potential causes of disease transmission, especially in
early stages of COVID-19outbreak (11, 12). All these special
considerations in pediatrics infected by COVID-19 suggest
children as one of the main potential causes for spread
and transmission of COVID-19 in communities affected by
COVID-19 outbreak (8).

Besides, pediatrics have shown suboptimal protection
againstCOVID-19 as they do not cover their coughs or
sneezes, do not wear a face mask, touch their faces fre-
quently, and put other objects into their mouths with in-
effective hand hygiene. Also, children have a closer con-
tact with family members and their urinary and fecal ma-
terial is discarded with delay and with a higher probability
of contamination (4, 13).

We should screen and identify children positive for
COVID-19, especially in a family cluster pattern and con-

sider this group for early isolation to control the diseases
outbreak efficiently (4).

Kindergartens and children’s hospitals must be super-
vised closely to stop the spread of the virus and protect the
caregivers.

3.3. Clinical Manifestations of COVID-19 in Pediatrics

Neonates born to mothers with COVID-19 may have
problems, such as respiratory distress, abnormal liver
function, thrombocytopenia, and thermal instability (7).

It has believed that COVID-19 is an asymptomatic in-
fection or with mild and nonspecific symptoms among in-
fants and children (8). The infected neonates and infants
may present with fever, mild respiratory symptoms, like
dry cough, distress, nasal discharge, sore throat, and fa-
tigue (14).

The gastrointestinal tract may also be affected result-
ing in abdominal discomfort, diarrhea, vomiting, and
feeding intolerance (2, 3).

Children with underlying diseases, such as malignan-
cies, cirrhosis, chronic kidney disease, cardiovascular or
pulmonary diseases or immunosuppression may experi-
ence more severe symptoms, like respiratory distress syn-
drome, septic shock, deep acidosis, and respiratory or even
cardiovascular collapse (3, 15).

3.4. Diagnosis of COVID-19 Infection in Pediatrics

Most of the confirmed children with COVID-19 have di-
agnosed by family clusters (8). All neonates born to moth-
ers with COVID-19 should be isolated and screened (2, 16).
It is suggested to stop breastfeeding in mothers with con-
firmed COVID-19 (17).

Nucleic Acid test (NAT) or real-time polymerase chain
reaction (PCR) combined with new fluorescent techniques
are suggested as the gold standard diagnostic methods for
all patients suspected to COVID-19 (2, 17, 18). Although these
tests are considered as gold standard tools for COVID-19 di-
agnosis, they are time-consuming, may not be accessible
widely, with highly probable false-negative results, which
can be improved by repeated sampling (8).

It is suggested to combine all findings obtained from a
history of contact, clinical characteristics, blood cell count,
and chest CT scan with NAT/PCR test as the standard diag-
nostic protocol in vulnerable children (5, 19).

Sampling can be done by nasopharyngeal swab
(Dacron or rayon sterile swab is preferred) (3, 17, 19). Detec-
tion rate for brochoalveolar lavage specimen is supposed
to be higher, however, the procedure will increase the
cross-contamination and cross-infection risk (2). The
blood sample or fecal specimens have shown positive for
COVID-19 in PCR test among some cases (17).
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3.5. Laboratory Tests in Pediatrics with COVID-19

White blood cell count may be normal in most affected
children (almost 76%). Leukopenia and lymphopenia (<
3000 in infants, < 2000 in 1 - 5 years old cases and < 1100
in cases over 5 years) and increased C-reactive protein (CRP
> 3) are expected, but they are not as common as in adults.
(almost 35%) (14, 19).

Leukopenia and lymphopenia have reported just in
30% of pediatrics with COVID-19 in Iran, whereas all cases
had elevated CRP (20).

Increased procalcitonin (PCT), creatine kinase-MB, ala-
nine aminotransferase (ALT), aspartate aminotransferase,
and lactate dehydrogenase (LDH) have also reported with
different ratios, but without significant diagnostic value
(14, 17, 19).

Increased direct bilirubin (> 6.1) and ALT (> 24.5) have
reported as biomarkers to predict the severity of COVID-19
among children (21).

3.6. Imaging in Pediatrics with COVID-19

A plain chest x-ray will be normal in most cases in the
early phase of COVID-19 infection, especially among asymp-
tomatic children (14). A chest CT scan without contrast is
suggested as a valuable diagnostic and prognostic tool in
COVID-19 (14, 22).

Chest CT scan findings include unilateral or bilateral
peripheral ground-glass opacities that gradually spread in
a patchy pattern and may be accompanied by interlobular
septal thickening and sub-pleural lesions (5, 14, 22).

Consolidation, fibrosis and air bronchogram will ap-
pear later and may progress to white lung appearance in
the critical stage (22).

Lung opacities in COVID-19 are mostly patchy, with less
density compared with other types of pneumonia (14).
Although chest CT scan is suggested as one of the best
timely diagnostic tools in COVID-19 infection, the results
can be normal or with minimal changes among infants
with asymptomatic infection with COVID-19 (22).

3.7. Treatment of Pediatrics with COVID-19

Children with asymptomatic infection with COVID-19
should follow a home isolation protocol for two weeks to
ensure the termination of virus shedding (19).

Symptomatic children should be investigated for red
flags consisting of serious hypoxemia (O2 saturation < 90%
in normal room condition), respiratory fatigue and hyper-
capnia, decreased level of consciousness, or hemodynamic
instability (19).

Patients with mild symptoms in the absence of red
flags must be isolated at home after consulting with par-
ents about the importance of protections and signs of de-
terioration in health condition (warnings and education)
(19).

Supportive home care must be provided, such as pre-
scribing antipyretics (acetaminophen), antiemetic agents
or other symptom-relieving agents and medications. An-
tibiotics or antiviral drugs are not recommended for this
group of children with no underlying disease, however, the
efficacy of antiviral agents in pediatrics has not yet clearly
proven (3, 19).

Children with red flags, comorbidities and risk factors
or those with severe pneumonia must be admitted to spe-
cially designed COVID 19 Ward or Intensive Care Unit (ICU),
if needed (19).

Respiratory support also can be considered, includ-
ing oxygen supplementation, intubation and ventilation
support. High-frequency oscillatory ventilation is the pre-
ferred mode of ventilation (6).

High-dose surfactant, nitric oxide, corticosteroids, and
interferon-α2b nebulization should be regarded in crit-
ically ill children and infants (2, 6). Intravenous im-
munoglobulin and steroids are also suggested (5).

Children with severe 2019-nCoV pneumonia or those
with underlying diseases are suggested to be managed
with hydroxychloroquine (3 - 5 mg/kg/day twice daily) in
combination with oseltamivir (3 mg/kg/dose, twice daily)
for a five-day course (19).

Cardiac monitoring for long QT syndrome is rec-
ommended before and during treatment. Kaletra (16
mg/kg/dose twice daily) is added for critically ill patients
(19) and these cases may rarely need extracorporal mem-
brane oxygenation (ECMO) (2).

Antibiotics are suggested just for cases with clinical or
paraclinical signs of bacterial superinfection (3, 19).

Upon the resolution of respiratory symptoms and
imaging abnormalities, two negative consecutive tests for
COVID-19 (2 days apart), and the absence of fever for 3 days,
the cases can be discharged from the hospital (16, 17).

The length of hospital stay for children with COVID-19
has estimated about 12 - 13 days (20).

Protective considerations and ward designation for pe-
diatrics with COVID-19.

Children with a positive family history or at a higher
risk of contact with infected cases, and those highly vul-
nerable to be infected with COVID-19 clinically or radiolog-
ically should be identified in triage units of the children’s
hospitals and transferred to the ‘acute respiratory diseases
ward (ARDW)’.

All involved caregivers must be protected by latex
gloves, surgical masks, long sleeve suits, face shield and
surgical caps (16). Strict hand hygiene policies should be
applied, as well.

It is recommended to designate separate working and
resting areas for caregivers, ARDW (transit), quarantine
rooms, and ICU (17).

No visitor is allowed to enter ARDW and related divi-
sions and there should not be a playing room in this ward.
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All patients’ belongings and toys should be sterilized reg-
ularly everyday (2).

Quarantine or private rooms should be equipped with
negative-pressure ventilation (minimum of 10 air changes
per hour) and HEPA filters (19). Transit ward beds should
be at least one meter away from each other (19).

Parents should be provided with protective equipment
and must be supported psychologically (16).

4. Conclusions

COVID-19 in pediatrics occurs in the early stages of its
outbreak at a high rate and in a family cluster pattern.

Children infected with COVID-19 are mostly asymp-
tomatic carriers and the main potential causes of the
spread and transmission of the disease in communities.

Children with asymptomatic infection with COVID-19
with no underlying disease or red flag symptoms are rec-
ommended for home isolation and palliative care.

Children’s hospitals should be equipped with the
ARDW, quarantine rooms and ICU to protect other patients
and health care staff during the COVID-19 outbreak.
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