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ABSTRACT

Novel coronavirus disease 2019 (COVID-19) is a disease characterized by respiratory symptoms caused by

novel coronavirus (SARS-CoV-2). Its pathogenesis is suggested to be related with ACE2 receptors, present in

various organs. Children, as a special group of patients with COVID-19, have their own unique characteris-

tics in terms of the disease’s course. The majority of children present with asymptomatic course or have mild

symptoms. In severe cases COVID-19 may manifest as a multisystem inflammatory syndrome; thus, correct

identification of children at risk is particularly important in the diagnostic process. The treatment options for

this disease are still based on general therapy, and related drug therapy is still at the clinical trial stage.
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INTRODUCTION

Novel corona virus disease 2019 (COVID-19) is
a disease characterized by respiratory symptoms caused
by novel coronavirus (SARS-CoV-2). SARS-CoV-2 be-
longs to the genus Coronavirus, which is enveloped,
often polymorphic, with round or oval-shaped parti-
cles, and a diameter of 60-140 nm. When isolated and
cultured in vitro, neo-coronaviruses can be found for
about 96 hours in human respiratory epithelial cells,
while isolation and culture in Vero-E6 and Huh-7 cell
lines lasts approximately 6 days. The virus is UV and
heat sensitive (exposure to 56°C for 30 minutes). Ether,
75% ethanol, aluminium-containing disinfectants, per-
oxyacetic acid, and chloroform can effectively inactivate
the virus, but chlorhexidine is not effective in inactivat-
ing the virus [1].

ADDRESS FOR CORRESPONDENCE:

The current study suggests that the mechanism
of SARS-CoV-2-induced disease is related to ACE2 re-
ceptor binding [2]. ACE2 acts as a cellular receptor and
binds to the viral spiking protein of SARS-CoV-2, al-
lowing the serine protease TMPRSS2 to initiate S Pro-
tein pathogenesis [3, 4]. The ACE2 receptor is present
in various organs, especially in the lungs, heart, kidneys,
gastrointestinal tract, and vascular endothelium [5-7]. As
a result, children have a variety of symptoms that affect
multiple systems.

EPIDEMIOLOGY

In a new epidemiological study of childhood neo-cor-
onary pneumonia in China [8], a total of 728 (34.1%)
laboratory-confirmed cases and 1407 (65.9%) suspect-
ed cases were reported, with a median age of 7 years
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(interquartile range: 2-13 years), comprising 1208 cases
(56.6%) in boys, and the mean time from onset to diag-
nosis was 2 days (range: 0-42 days). More than 90% of all
infected patients were asymptomatic, with mild or mod-
erate course. Children of all ages were COVID-19 sen-
sitive, and no significant gender differences were found.
The clinical manifestations of COVID-19 cases in chil-
dren are usually less severe than those in adult patients,
but young children (especially infants) are vulnerable to
infection, which may be related to the fact that children
are immunocompromised and that ACE2 in children may
not be as developed as in adults.

SARS-CoV-2 spreads primarily through respirato-
ry droplets and close contact [9], and transmission may
also be facilitated by prolonged exposure to high concen-
trations of aerosols in relatively confined environments;
more specifically, the airtightness of the environment and
the density of virus per unit volume affect the transmis-
sion of SARS-CoV-2.

Human mucosal cells express ACE2 receptors, which
are abundant in air-exposed lips, eyelids, nasal cavities,
lung cells, etc. [10]. Therefore, in addition to respiratory
transmission, infectious droplets and body fluids can con-
taminate the human conjunctival epithelium. Respiratory
viruses can also lead to ocular complications in infected
patients, which in turn can lead to respiratory infections.
Thus, exposure to SARS-CoV-2 can cause acute respirato-
ry infections through multiple pathways [11, 12].

Wang et al. suggested the possibility of mother-to-
child transmission of SARS-CoV-2 based on the posi-
tive nasopharyngeal swab of SARS-CoV-2 nucleic acid
test 36 hours after the birth of a newborn with con-
firmed COVID-19 delivery [13]. However, Chen et al.
also reported that 9 pregnant women with a diagnosis
of COVID-19, who underwent caesarean section, had
cord blood, amniotic fluid, breast milk, and neonatal
oropharyngeal swab negative for SARS-CoV-2 nucleic
acid [14]. Therefore, whether there is vertical transmis-
sion of SARS-CoV-2 from mother to child is still debat-
able, and more evidence is needed to clarify this topic.

Cai et al. showed that SARS-CoV-2 has a high de-
tection rate of viral RNA in children’s faeces, with a de-
toxification period of up to 2-4 weeks, suggesting that
the disease may be faecal-oral transmitted [15]. However,
because the study did not capture live virus, there is no
direct evidence of faecal-oral transmission. Xu et al. per-
formed nucleic acid testing on anal swabs from 10 chil-
dren with COVID-19 and found that positive anal swabs
and prolonged intestinal detoxification may be more
useful than the nasopharyngeal swab test in determining
treatment efficacy and quarantine termination time [16].

CLINICAL MANIFESTATIONS

Children with COVID-19 are most frequently affected
by mild or asymptomatic manifestation of disease [17]. It

may be accompanied by fatigue, myalgia, nasal conges-
tion, runny nose, headache, and dizziness. A small group
of children do not have fever and present only with cough
or diarrhoea [18]. Some children and newborns have
atypical symptoms, with vomiting, diarrhoea, and other
gastrointestinal symptoms as the first manifestation, or
only asthma and shortness of breath [19, 20]. In severe
cases rapid progress to respiratory distress syndrome,
septic shock, uncorrectable metabolic acidosis, coagu-
lopathy [21], and multiple organ failure may occur [22].
In severe cases, some children can present with mul-
tisystem inflammatory syndrome [23, 24]. Many of them
have fever and cutaneous or mucosal manifestations sim-
ilar to Kawasaki disease [25-27]. Some exhibit features
of toxic shock syndrome, secondary phagocytic lympho-
histiocytosis, or macrophage activation syndrome [28-30].
In a retrospective analysis of 186 children with MIS-C
(multisystem inflammatory syndrome in children) in
the United States [31], 109 patients (59%) had incom-
plete or failing respiratory function, and coronary aneu-
rysm was found in 8% of the patients (15/186) and in
9% (15/170) of those with echocardiograms. The majority
of these 186 children (71% in 132 cases) showed involve-
ment of at least 4 organ systems. The most commonly
affected organ systems were the gastrointestinal system
(171 [92%]), cardiovascular system (149 [80%]), haema-
tological system (142 [76%]), the mucocutaneous system
(137 [74%]), and the respiratory system (131 [70%]).

LABORATORY TEST FINDINGS

Children usually have normal or elevated white blood
cell counts and normal or elevated CRP and PCT. Stud-
ies have shown that 80%-95% of patients have elevated
CRP [31]. Unlike adults, children usually do not have
lymphopaenia and have normal white blood cell counts.
In severe cases, children may have elevated liver enzymes
and cardiac enzymes, and the current preferred method
for detecting viral RNA is RT-PCR.

RADIOGRAPHIC EXAMINATION

Chest CT can show characteristic changes of subpleu-
ral gross glass clouding and peripheral halo solids and is
an effective tool for follow-up and evaluation of changes
in lung pathology [32]. In the case of pharyngeal swab
specimens with a low positive COVID-19 nucleic acid
test rate, early detection of lesions by CT is beneficial
to the child’s rational and early treatment [33]. Howev-
er, it has little role in assessing the clinical rehabilitation
of children.

DIAGNOSIS

The diagnosis is confirmed on the basis of the child’s
history of epidemiologic exposure, symptoms, laboratory
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TABLE 1. Severity of NCP according to clinical and radiological features

Severity Clinical and radiological features

2. Children who are in shock.

Mild Mild clinical symptoms, no signs of pneumonia on imaging
Moderate With fever, respiratory symptoms, and pneumonia visible on imaging
Severe Any of the following:
1. The occurrence of shortness of breath, except for the effects of fever and crying.
2. In the resting state, an oxygen saturation level less than or equal to 92%.
3. Assisted breathing (moaning, nasal firings, triple concave sign), cyanosis, intermittent apnea.
4. Appearance of lethargy, seizures.
5. Refusal to eat or difficulty feeding, signs of dehydration.
Critical 1. A child with respiratory failure requiring mechanical ventilation.

3. Children with other organ failure requiring ICU monitoring and treatment.

tests, influential features of chest CT, positive nucleic acid
detection by PT-PCR for novel coronavirus, or viral gene
sequencing with high homology to known new coronavi-
ruses and neo-coronavirus-specific antibody testing [34].

According to China’s novel coronavirus pneumo-
nia treatment protocol (7™ edition in trial), the severity
of the disease is categorized into 4 levels: mild, moder-
ate, severe, and critical (Table 1) [1]. Early identification
of high-risk children is particularly important given
the special characteristics of this group. It is important to
identify the child at risk promptly and recognize the child
with a rapid respiratory rate, impaired consciousness,
lethargy, progressively elevated lactate on laboratory
tests, bilateral or multiple enlarged lymph nodes on ra-
diographs, and general high risk of developing the dis-
ease. Infiltrates, pleural effusions or short-term rapidly
progressing lesions, infants under 3 months of age, or
with underlying conditions such as congenital heart or
bronchi disease are other high-risk factors. Children with
dysplasia, respiratory malformations, severe malnutrition,
who are immunocompromised, or who have been using
immunosuppressants for a long time may rapidly prog-
ress to critical illness [1, 35, 36]. Zhu et al. consider neo-
nates who meet the following criteria to be at high risk for
SARS-CoV-2 infection [37]:

1. The mother is at high risk before delivery- per-
sistent fever during or after childbirth, routine laboratory
tests showing decreased lymphocyte ratio.

2. Chest CT showing pulmonary infiltrates. Viral nu-
cleic acid test results and epidemiological history suggest
that the mother is a confirmed/highly suspected case (ex-
clude other viral and bacterial infections, mycoplasma in-
fections, postpartum fever, breast swelling, mastitis, and
other obstetric diseases).

3. Clinical manifestations or epidemiology in
the mother. Neonates with a history of infection but in
whom the level of suspicion is not sufficient to confirm
the diagnosis.

4. Neonates with an epidemiological history of infec-
tion, including community and obstetric sources, family
members or caregivers of mother-infant co-housed sourc-

es, and visitors with diagnosis/high suspicion of SARS-
CoV-2 infection.

5. Neonates living in or visiting environments at high
risk of SARS-CoV-2 infection.

TREATMENT

The current treatment option is a general treatment,
such as bed rest, enhanced nutrition and child psycho-
logical relief treatment, etc., which can be extended to
effective oxygen therapy measures if necessary. High-
flow oxygen and non-invasive mechanical ventilation
can be given when the child is in respiratory failure and
ARDS, and invasive mechanical ventilation can be used
in children with respiratory failure and ARDS. If the pul-
monary ventilation strategy fails, it may be switched to
extracorporeal membranes oxygenation (ECMO) symp-
tomatic support therapy [36]. In terms of pharmacother-
apy, the use of anticoagulation therapy is recommended
in patients with early-stage COVID-19, especially when
the D-dimer value is 4 times higher. The presence of in-
flammation and other disease-related factors can cause
overactivation of coagulation, thereby increasing the risk
of ischaemic events and disseminated intravascular coag-
ulation (DIC) [37]. The use of antiviral drugs in the treat-
ment of COVID-19 follows the experience with SARS-
CoV and MERS-CoV. There are limited data on the use
of antiviral drugs in children. Remdesivir has recently re-
ceived emergency FDA authorization for use in hospital-
ized adults and paediatric patients aged < 12 years. It also
received emergency use authorization for hospitalized
paediatric patients weighing 3.5 to 40 kg or < 12 years
of age and weighing > 3.5 kg, for compassionate use [38].
The COVID-19 Treatment Guidelines Panel recommends
the use of remdesivir to treat hospitalized patients with
SpO, < 94% on ambient air or those who require supple-
mental oxygen. The panel recommends a 5-day course
for non-intubated patients. Data are insufficient, but for
patients on mechanical ventilation or ECMO, experts
recommend a 10-day course [39]. On 21 November
2020, the FDA issued emergency use authorization for
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the monoclonal antibodies casirivimab and imdevimab
to be administered together, for the treatment of mild
to moderate COVID-19 in adults and children aged
< 12 years and weighing at least 40 kg, who are at high
risk for progressing to severe COVID-19 disease. [40, 41].

CONCLUSIONS

Children, as a relatively special group, have milder or
even asymptomatic course of disease after infection with
SARS-CoV-2 as opposed to adults. Many children start
with little or no associated respiratory signs, and it is im-
portant to focus on extra-pulmonary symptoms such as
gastrointestinal signs in such children to screen for SARS-
CoV-2 infection. Although critically ill children are less
common than adults, the symptoms may be more severe
and may involve multiple systems resulting in multiple
corresponding clinical manifestations. Especially im-
portant for the prognosis is early diagnosis and treatment
of children with certain basic diseases. It is crucial to rec-
ognize the Kawasaki-like features and MIS-C symptoms
in children, to distinguish them from other diseases, and
to set the proper diagnosis of SARS-CoV-2 infection early
and to implement appropriate measures.

Given that the world is still in the process of under-
standing and exploring the new coronary pneumonia,
especially the drug treatment field, there are still no
clear and effective treatment regimes. Research data on
COVID-19 in children is far less advanced than in adults,
and more evidence and research are needed to further
understand the impact of the disease on children.
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