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INTRODUCTION

This review aimed to identify the features of coronavirus disease 2019 (COVID-
19) in pediatric patients after severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection. According to the literature, the incidence of COVID-19
was reported to be 1-5% among children. However, the incidence of infection
with the new variant of the virus is higher in children. The most common
features were fever and respiratory manifestation. The milder severity and
lower mortality of COVID-19 among children are related to their less contact,
immature immune system, and different features of angiotensin-converting
enzyme 2 (ACE2), an important receptor of the virus to invade the host cells.
Several complications were observed in severe pediatric patients, such as
coinfections, encephalitis, multisystem inflammatory syndrome, and
multiorgan failure. The most frequent laboratory data were the procalcitonin
elevation. The enhanced inflammatory factors and lymphocytopenia were less
common among this population. In the CT findings, the ground-glass opacities,
pulmonary consolidation, fine mesh shadow, and tiny nodules were most
common. While some children were admitted to the ICU, mechanical
ventilation was rarely reported. The vertical intrauterine transmission from
mother to child has not been proven. The treatment mainly focuses on
maintaining balance in the fluids and electrolytes, nutritional support, and
oxygen therapy for this vulnerable population.
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droplets of different sizes and through direct contact. Also,

Coronavirus disease 2019 (COVID-19), an infectious
disease caused by severe acute respiratory syndrome 2
(SARS-CoV2 ), was first reported in Wuhan, China (1).
SARS-CoV, SARS-CoV-2, and the Middle East respiratory
syndrome (MERS) belong to the family of human
coronaviruses (HCoVs), which may cause severe illness,
causing a high mortality rate (2). SARS-CoV-2 is a type of
B-CoVs with large, enveloped, positive-strand RNA
viruses (3). SARS-COV-2 has rapidly involved the whole
world and impacted pediatric and adolescent populations

(4). Recently, SARS-CoV-2 was transmitted by respiratory

the fecal transmission of the virus should be considered (5).
SARS-CoV-2 uses angiotensin-converting enzyme 2
(ACE2) receptor to invade the host cell (6, 7). Th virus can
lead to multiorgan dysfunction by infecting other organs
with higher expression of ACE2 (8).

In mild adult patients, the common symptoms of
COVID-19 are fever, shortness of breath, dry cough,
tiredness, chest tightness, and dyspnea, and develop severe
conditions can be seen in 10-20% of them (9). In the chest
computed tomography (CT) scan of severe adult cases with

COVID-19, the bilateral ground-glass opacity (GGO) was
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prominent (10). The risk of death is higher in older people
(aged more than 65 years) and patients with underlying
conditions due to acute respiratory distress syndrome
(ARDS) and multiorgan dysfunction (8).

Although the incidence of COVID-19 among infants
and children was not prominent and the severity of disease
and incidence of severe cases are lower among pediatric
patients (11, 12), the UK variant of SARS-CoV-2 (B.1.1.7)
can cause those under 20 years (13). For COVID-19 in
pediatric patients, the median time between the onset and
diagnosis of the illness was two days (0-42 days) (14),
which increases the risk of virus transmission from
pediatric patients to older people. Additionally, the
presence of a novel pediatric inflammatory multisystem
syndrome-temporally associated with SARS-CoV-2 (PIMS-
TS) or Kawasaki disease-like multisystem inflammatory
syndrome has been reported in severe pediatric cases (15).

Due to the importance of understanding the features of
COVID-19 in pediatric patients as a susceptible population,
we reviewed the recent literature to identify the case
definitions and management strategies of COVID-19

among infants and children.

Epidemiology of COVID-19 among children

The clinical manifestations of children may be less
severe compared to the adult population. In an
epidemiology study in China, 2135 pediatric patients were
identified with a median age of 7 years (2-13 years) (14). In
a similar study in China, out of 1391 children examined for
SARS-CoV-2 infection, 171 cases (12.3%) were infected
with COVID-19. One death, 21 patients with stable
condition, and 149 discharged patients were recorded (16).
In another epidemiologic study in the United States, 22% of
COVID-19 patients were infants, children, and adolescents
less than 18 years of age (17). Also, COVID-19 in neonatal
cases has been demonstrated at 16 (18), 30 (19), and 36 h
(20) after delivery.

While the incidence of severe disease in adults was
18.5% in a report by the CDC in China (21), many pediatric

patients were asymptomatic with mild or moderate disease

(90%). Accordingly, 5.8% of pediatric patients exerted
severe symptoms (e.g., central cyanosis, dyspnea, and
oxygen saturation<92%) and critical illness (e.g.,, ARDS,
shock, abnormal coagulation, encephalopathy, heart
failure, acute renal failure, and multiorgan failure). These
alterations were attributed to the severe outcomes mainly
among cases of less than one-year-old and one patient who
died. Frequency of severe disease in pediatric patients was
calculated for each age group; 10.6% for <1, 7.3% for 1-5,
4.2% for 6-10, 4.1% for 11-15, and 3.0% for >15 year-old
groups (14). The incidence of diagnosed children with
COVID-19 was 1-5% of cases with milder conditions and
better prognoses (22). Pneumonia was observed in about
half of children with mild or asymptomatic (28%) disease
(23). The incidence of disease in patients aged <18 years
was 1.7%, and infants <1 year were 15% of pediatric
COVID-19 patients (11). Hospitalization rates were lower
in pediatric patients (5.7-20%), and 0.58-2.0% of cases were
admitted to the intensive care unit (ICU) (14, 16). COVID-
19 was more common in infant patients aged < 1 year and
those with underlying conditions (11). Therefore, children
with asymptomatic or mild infections are silent carriers of
the virus and contribute to the rapid amplification and
transmission of SARS-CoV-2 in the community, especially
among elderly adults. Subsequently, providing social and
public health policies to limit the interaction of this age
group is necessary (24).

Several studies have reported a slightly higher rate of
infection in boys than girls (14, 16). Additionally, the case-
fatality rate among men was higher than in women (21).
The mechanisms underlying to make the potential
difference in COVID-19 severity or incidence between
males and females have not been detected. In all age
groups, particularly in patients aged less than one year,
males were predominant infected sex group, suggesting
that susceptibility to infection by sex is affected by
biological factors (11). Hospitalization of infants and young
children following viral respiratory tract infections, e.g.,
influenza virus (IV) and respiratory syncytial virus (RSV),

is frequent and due to the immaturity of the respiratory
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tract and immune system in this age group (25).
Nevertheless, the lower hospitalization rate among
children with COVID-19 has created a puzzle for scientists,

epidemiologists, and clinicians.

COVID-19 among pediatric patients: clinical, laboratory, and
radiological findings

According to the literature, the typical clinical
manifestations of COVID-19 are fever, cough, sore throat,
sneezing, fatigue, myalgia, and rarely wheezing among
children (14). Other symptoms are diarrhea, rhinorrhea,
and vomiting — the oxygen saturation < 92% is observed in
23% of patients. During the hospital admission,
tachycardia (42.1%) and tachypnoea (28.7%) were recorded
(16). Vomiting is more prominent in pediatric patients
(6.5% [2/31]-66.7% [4/6]) (26). Data from pediatric patients
in the US showed the following symptoms: fever (73%),
cough (54%), and shortness of breath (13%) (11). Also, in a
systematic review of the features of COVID-19 in 7780
pediatric patients, the most frequent symptoms were fever
(59 1%) and cough (55 9%), and 19 3% were asymptomatic.
Abnormal lung radiography and chest CT findings include
patchy lesions (210%) and GGO (329%), respectively.
Also, 152/233 cases were
children

observed as
immunocompromised (respiratory/cardiac
disease) with underlying medical conditions. In 5.6% of
cases, coinfections were reported. The laboratory findings
confined the presence of abnormal factors, such as creatine
kinase, D-dimer, procalcitonin, and interleukin (IL)-6. The
multisystem inflammatory syndrome was seen in 0.14%,
and the incidence of death was 009% (27). According to
World Health Organization, the most frequent clinical
finding in children with severe COVID-19 was pneumonia
(53%). Also, fever, dry cough, or both, and shortness of
breath were the most frequent symptoms (28). However,
93% of adults aged 18 to 64 had these symptoms in a
similar period (16). In a study on pediatric patients with
COVID-19 aged under 16 years in China, the main
symptoms were fever (41.5%) and cough (48.5%), and 1.8%
of cases were admitted to the ICU (16). In another study,
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cough (48.5%), pharyngeal erythema (46.2%), and fever
(41.5%) were common, respectively. Furthermore, 15.8% of
patients were asymptomatic. Radiologic features of
pneumonia without any symptoms of infection were
recorded in 12 patients, and three needed ICU admission
and mechanical ventilation. Laboratory finding showed six
patients (3.5%) with lymphopenia and CT abnormalities,
including GGO (32.7%), local (18.7%), and bilateral (12.3%)
patchy shadowing and interstitial abnormalities (1.2%).
Also, one death due to multiorgan failure was reported
(16). In an investigation of clinical and CT characteristics of
20 pediatric COVID-19 patients, fever (60%) and cough
(65%) were the most common symptoms. The higher levels
of procalcitonin (80%) were essential laboratory findings.
Unilateral pulmonary lesions (30%), bilateral pulmonary
lesions (50%), no abnormality on chest CT (20%) as well as
GGOs (60%), pulmonary consolidation (50%), fine mesh
shadow (20%), and tiny nodules (15%) were reported.
Coinfection was recorded in 40% of patients (29).
Laboratory findings of 12 studies (66 pediatric patients)
have confirmed the average leucocyte count of 69.2%.
Moreover, neutrophilia (4.6%) and neutropenia (6.0%)
were rare compared to adults. Lymphocytopenia was
confirmed in 3.0% of children. A high concentration of C-
reactive protein and procalcitonin (correlated with the
severity of illness) were observed in 13.6% and 10.6% of
patients, respectively. The elevated level of inflammatory
factors was rare, but levels of IL-6 were high in very sick
infants (30). In a small pediatric cohort of ten- to six-year-
old COVID-19 patients, similar but modest CT lung
abnormalities (patchy GGOs) were recorded (31). In the
Regina Margherita Children’s Hospital (Italy), the
evaluation of COVID-19 features in eight children (two
severe, two moderate, and four mild cases) showed that
two cases required noninvasive oxygen therapy (no
mechanical ventilation). The lung ultrasound of these
patients revealed five patients with confluent B-lines and
two with sub-pleural consolidations. In seven out of eight
children, these data were confirmed by the radiologic

findings. Despite a normal radiography finding, an
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interstitial B-lines pattern was observed in the remaining
cases. Also, follow-up examinations of a severe case
presented reduced B-lines bilateral pattern one day before
radiographic and clinical improvement (32). All features of

COVID-19 in pediatric patients are summarized in figure 1.

COVID-19 in Pediatric Patients

* Fever
+ Cough

+ Sore Throat
+ Sneezing

+ Fatigue

+ Myalgia

+ Wheezing
+ Diarrhoea

N miine
* Coinfection
* Multi-argan Failure
+ Multisystem inflammatory syndrome P
+ Dermatological manifestation (rash) —
Imaging tech 3
¢ eray
SRyl + Procalcitonin
- Pumanary consodation S0 it protath
CT-Scan &
« Bilateral ground-glass opacity A
« Focal and bilateral patehy and interstitial * Neutropenia
abnarmalities * Serum D-dimer
+ Fine mesh shadow * Procalcitonin,
* Creatine kinase
+ Interleukin-6
+ Confluent B-fines
+ Sub-pleural consolidations.

Figure 1. The summery of COVID-19 features among pediateric patiens

Secondary complications of COVID-19 among pediatric
patients

Rare evidence has confirmed severe complications in
pediatric patients with COVID-19. However, severe
respiratory infections (e.g., IV) were associated with some
complications in children, including respiratory failure
(33),  neurologic abnormalities (34), myositis,
myoglobinuria, acute renal failure (35), myocarditis (36),
and gastrointestinal symptoms (i.e., diarrhea, nausea, or
vomiting) (36). A case study reported a six-month-old
infant with SASR-CoV-2 infection with PIMS-TS. In this
case, fever and minimal respiratory symptoms were
accompanied by acute vasculitis, leading to heart disease
(37). Additionally, a cluster of eight children with
hyperinflammatory shock was reported in the UK. Disease
characteristics were similar to those observed in toxic
shock syndrome, known as Kawasaki disease shock
syndrome, atypical Kawasaki disease, or PIMS-TS. Four
out of eight cases were from a family with COVID-19
exposure (38). Also, fever, rash from macular to
morbilliform

maculopapular or (dermatological

manifestations), and PIMS-TS were recorded in a 3-year-
old girl with COVID-19 (39). Primary viral pneumonia can
be accompanied by a secondary bacterial infection
(Staphylococcus aureus) (35, 40). Wheezing illness caused by
viral infections in infants may increase the risk of asthma
in their later life with unclear mechanisms (41). Wheezing
in the first years of life following severe RSV resulted in
allergic asthma in later childhood and early adulthood (42).

Several neurological complications were observed in
pediatric patients with the IV infection, including seizures,
encephalopathy, encephalitis, Guillain-acute myelopathy,
Reye’s syndrome, Barré syndrome, hemiplegia, ataxia,
stroke, quadriparesis, and transverse myelitis (43).
Although the recovery of neurological complications was
generally observed, some secondary consequences, e.g.,
residual seizures, cognitive deficits related to necrotizing
encephalitis, basal ganglia involvement, and cerebral
volume loss, were found in these patients (35, 36). In
neuroimaging of four children with COVID-19 admitted to
the ICU, signal alterations in the corpus callosum were
recorded (44). A 26-day-old male infant with SARS-CoV-2
infection and fever was reported with some neurological
manifestations, including upward rolling of the eyes,
generalized hypertonia after awakening, and generalized
hypertonia and facial cyanosis during sleep. In
electroencephalography (EEG) findings, a continuous
background pattern with sleep/wake cycles in the absence
of clinical and electrical seizures was observed. The fever
was associated with the severity of mneurologic
manifestations (45). Recently, an 11-year-old child with
encephalitis associated with COVID-19 was reported.
While a CT scan did not prove the disease, the frontal
intermittent delta activity was recorded by an EEG (46).

On the other hand, secondary complications of
quarantined and closed schools in healthy or recovered
children should be considered. Going into quarantine and
social isolation may affect the mental and physical health
of children. These alterations can result in irregular
sleeping patterns, reduced healthy diets, and lack of

physical activity, resulting in numerous comorbidities,
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such as obesity and cardiorespiratory diseases (47). The
quarantine and isolation of children after health-related
disasters (not related to SARS-CoV-2) were associated with
an elevated risk of post-traumatic stress disorder (PTSD)
(48). Several complications have been recorded for
pediatric patients with SARS-CoV-2 infection that should
be considered by clinical staff.
Multisystem Inflammatory Syndrome in Pediatric Patients
with COVID-19

First described in Japan, Kawasaki disease is a
vasculitis affecting medium-sized arteries with the highest
incidence in under five-year-old pediatrics (49). In several
studies, PIMS-TS was frequent among critically ill
pediatrics with COVID-19 (50, 51). The main
manifestations of PIMS-TS are shocked, cardiac
dysfunction, myocarditis, left ventricular dysfunction,
coronary artery dilation or aneurysm, and acute kidney
injury (51, 52). Lab data of COVID-19 patients with PIMS-
TS showed elevated levels of inflammatory/cardiac
markers (e.g., troponin I, C-reactive protein, ferritin, lactate
dehydrogenase, D-dimer, fibrinogen, interleukin-6, and N-
terminal [NT]-prohormone BNP [NT-proBNP]).
Hyperkalemia, hyponatremia, azotemia, neutrophilia, and
lymphopenia were also recorded (51-55). The most crucial
point was admitting most patients with PIMS-TS to the
ICU (52). Cardiac MRI of children with PIMS-TS showed
diffuse myocardial edema on T2-STIR sequences and
native-T1 mapping, with no evidence of late gadolinium
enhancement suggestive of replacement fibrosis or focal
necrosis (56). Postmortem autopsy findings of COVID-19
patients with PIMS-TS proved endocarditis, myocarditis,
and pericarditis with infiltration of inflammatory cells
(such as CD68+ macrophages, CD45+ lymphocytes,
neutrophils, and eosinophils). These histopathological
alterations were associated with cardiomyocyte necrosis.
Electron microscopy evaluations showed spherical viral
particles in the extracellular sites and within multiple cell
types, e.g., cardiomyocytes, capillary endothelial cells,
endocardium endothelial cells, fibroblasts, macrophages,

and neutrophils. Histopathological examinations of
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autopsied lung specimens showed microthrombi within
pulmonary arterioles, mild pneumocyte hyperplasia, and
patchy exudative alterations in alveolar spaces. Some
alterations were observed in other organs, including
microthrombi within glomerular capillaries and shock-
induced acute tubular necrosis in the kidney tissues,
centrilobular necrosis in liver tissue, and microglial
reactivity in the brain tissue (55). These results confirmed
the viral presence in the myocardial tissues of COVID-19

patients with PIMS-TS.

Lower vulnerability of pediatric population to COVID-19:
Causes

As mentioned before, children are less susceptible to
SARS-CoV-2 infection, and the severity and mortality rate
is lower in this population (57). A wide range of infectious
diseases has less mortality and severity in children. No
mortality was reported in children or adolescents <24 years
with COVID-19 (58). During the 2009 HIN1 pandemic, the
higher mortality and morbidity rate in severe pneumonia
was related to patients aged 5-59 years (59). Also, the
incidence of infection with paralytic polio and rubella was
less frequent in infants and young children (58).

The critical question is why clinical symptoms of
COVID-19 pediatrics were milder than those in adults.
However, mechanisms underlying the milder severity of
disease in pediatrics and their resistance to COVID-19
remain unknown. Some exposure and host factors may
describe this question. Here, we categorized some reasons:

Exposure: Well-cared conditions at home for children
provided by parents and fewer outdoor activities may
decrease the risk of contracting the virus (14). Furthermore,
the lower incidence of infection among pediatrics at the
beginning of a pandemic cannot indicate that pediatric
cases were less susceptible to COVID-19, as infection with
SARS-CoV-2 was reported in infants (60).

Immune system: Children have specific mechanisms that
regulate the interaction between the immune system and
respiratory machinery, contributing to milder disease (23).

The higher risk of exposure to respiratory infections (e.g.,
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RSV) in the winter may increase antibodies against viruses
in children. The immune system in children is still
immature and undergoes substantial alterations from birth
to adulthood. Therefore, this age group's immune system
responses to pathogens might differ (61). In addition, fewer
underlying abnormalities, healthier respiratory tracts due
to a lesser chance of exposure to cigarette smoke or air
pollution, and more active innate immune responses in
children can lead to milder disease in this population (58).
Additionally, immune system differences in the thymus
activity and cross-reactive immunity to common cold CoVs
are other reasons that protect children against SARS-CoV-2
infection (62).

ACE-2: One potential reason is that the difference in the
distribution, maturation, and action of the ACE2 receptor
is age-related (63). Children are less sensitive to SARS-
CoV-2 because of lower maturity and action of ACE2 (64).
ACE2 expression decreases with age in mice models (65).
ACE?2 protects the lung against pathologic conditions, such
as SARS, H5N1 virus, RSV, sepsis, and acid aspiration (66).
ACE2 regulates the renin-angiotensin system via cleaving
angiotensin (Ang)-II to Ang-1-7. A balanced ACE2/Ang 1-
7 axis leads to protection from lung diseases. Therefore,
ACE2 deficiency is associated with a rising viral

respiratory infection and lung failure (57).

Management of pediatric patients with COVID-19

Many clinical and laboratory tests should be carried out
to detect COVID-19 infection in children because of several
differential diagnoses, including RSV, 1V, parainfluenza
virus, adenovirus, rhinovirus, hMPV, etc. (67). In a
systemic review, the potential interventions of COVID-19
were presented for adults. In addition to nutritional
support and electrolyte barnacle maintenance, treatment
with thymosin alpha-1, interferons (IFNs), intravenous
gamma globulin, thymopentin, levamisole, cyclosporine A,
and traditional Chinese medicine were recommended for
the management of oxidative stress and inflammation.

Notably, it was shown that treatment with intravenous

gamma globulin led to venous thromboembolism in one
out of three cases during the SARS-CoV epidemic (68). In
another study, COVID-19 in children was treated with
aerosolized IFNa in all cases, Kaletra (lopinavir/ritonavir)
syrup (twice/day for 14 days) in 14 cases (39%), and
supportive oxygen therapy in six cases (17%) (28). It is
suggested to use antiviral treatment for pediatric patients
(67, 69). Recently, antiviral and anti-inflammatory
medications have been mentioned for managing pediatric
patients (70). However, it has been revealed that antiviral
therapy for COVID-19 is necessary for those with critical
conditions or severe diseases (71). Furthermore,
anticoagulants have been recorded for hospitalized
pediatric patients (72). A list of medicines, including
steroids, intravenous immunoglobulin (IVIg), antiplatelet
medication, and anticoagulants, was used to manage
COVID-19 cases with PIMS-TS (51, 52).

In the literature, supportive approaches (e.g., oxygen
supply and administration of antibiotics for secondary
bacterial infectious disease) were also mentioned (30). A
retrospective study confirmed that the risk of lower
respiratory tract infection with CoVs is higher in
immunocompromised children compared to non-

immunocompromised cases (73).

CONCLUSION

In summary, this review proposed that the severity of
COVID-19 among infants and children was lower than in
adults due to differences in immune system responses,
ACE2 expression patterns, and lower risk of contact with
COVID-19 patients. An asymptomatic or mild form of the
disease leads to a higher risk of SARS-COV-2 transmission
in the community. Therefore, staying at home, social
distancing, and respiratory hygiene have been suggested
for all age groups to reduce the spread of viral infection.
On the other hand, severe pediatric patients may present
several secondary complications, including multisystem
inflammatory syndrome and multiorgan failures (e.g.,

cardiovascular disease, renal failure, neurological disease,
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etc.). Moreover, monitoring the pediatric patients with

underlying conditions should be considered.
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