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Abstract
Purpose of Review Coronavirus disease 2019 (COVID-19) pandemic has major health and economic impacts. We review
disease characteristics in children.
Recent Findings Children comprise 1–2% of the diagnosed cases, and typically suffer mild disease. The median age of infected
children is 3.3–11 years, and male/female ratio is 1.15–1.55. Common symptoms in children include upper respiratory symptoms
(26–54%), cough (44–54%), fever (32–65%), and gastrointestinal (15–30%) symptoms. Substantial proportion (4–23%) are
asymptomatic. Death rates are up to 0.7%. Risk factors associated with severe disease are neonatal age group, male gender, lower
respiratory tract disease, and pre-existing medical conditions. Vertical transmission was reported. Multisystem inflammatory
syndrome (MIS), characterized by fever, multisystem organ involvement, and laboratorymarkers of inflammation, causes critical
illness in > 50% of cases and is increasingly reported from endemic countries. Indirect effects of the coronavirus epidemic include
higher rates of psychiatric morbidities, education loss, unhealthy lifestyle changes, and increased child neglect. Vaccines are in
clinical trials and immunogenicity has not yet been shown in children.
Summary Overall, COVID-19 has lower incidence and causes milder disease in children compared with adult patients. MIS is a
rare severe complication more common in children. More data on the efficacy and safety of antivirals in children are needed.
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Introduction

Emerging in late 2019, coronavirus disease 2019 (COVID-19)
has been spreading worldwide, with major health and eco-
nomic impacts. By mid-August 2020, the World Health
Organization reported over 23 million confirmed cases of

infection with SARS-CoV-2 (severe acute respiratory syn-
drome coronavirus 2), resulting in more than 710,000 death
worldwide [1]. According to current data, children show low-
er incidence of symptomatic disease and develop a milder
course [2–5]. We review the current evidence of epidemiolo-
gy, clinical presentation, treatment, and indirect health conse-
quences of SARS-CoV-2 on children.

Data Collection

We searched PubMed databases for publications using the
search terms: “coronavirus 2019” OR “COVID-19” OR
“SARS-CoV-2” OR “Novel Coronavirus” AND “children”
OR “pediatric” OR “clinical trials” and for “Multisystem
Inflammatory Syndrome in Children.” Additionally, we
screened webpages and official guidelines of the US
National Institutes of Health (NIH), Centers for Disease
Control and Prevention (CDC), the World Health
Organization (WHO), and the Infectious Diseases Society of
America (IDSA) and Pediatric Infectious Disease Society
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(PIDS) for references. The search was restricted to English
language publications during January–August 2020.

Pathophysiology

SARS-CoV-2 is an enveloped, positive sense single-stranded
RNA virus with a glycoprotein spike (S) on the surface. Cell
entry requires binding of the S protein to the cellular receptor
ACE-2 (angiotensin-converting–enzyme-2) and priming of
the S glycoprotein by the host cell serine protease
TMPRSS2 [6]. The milder morbidity in children, despite sim-
ilar or higher viral loads compared with adults [7, 8], is the
focus of multiple studies but has yet to be fully understood.
The differences may be partly explained by several character-
istics of the pediatric immune system. According to the hy-
pothesis by Carsetti et al., the immune system of children is
highly prepared to novel pathogens, due to high levels of
innate IgM antibodies and the ability to rapidly produce natu-
ral antibodies with broad reactivity, in addition to the produc-
tion of the antiinflammatory interleukin (IL)-10 by neonatal B
cells [9]. Additional suggested explanations are alterations in
T cell populations in adults due to continuous antigen stimu-
lation and thymic involution, varied levels of ACE-2 expres-
sion in children, and the simultaneous presence of other virus-
es in the respiratory mucosa of children, competing with
SARS-CoV-2 [10]. Furthermore, children have fewer comor-
bidities and a stronger pulmonary regenerative potential than
adults [11].

Epidemiology

Disease burden of COVID-19 in children is difficult to deter-
mine because case definitions for screening, testing, and dis-
ease severity in children are not universal and the proportion
of asymptomatic infected children is high. In addition, young
children attending daycare may contract several febrile and
respiratory illnesses in a course of a few months [12], and it
is plausible that SARS-CoV-2 test is not routinely performed.

In reports from countries that were severely affected early
in course of the pandemic, children comprise 1–2% the diag-
nosed COVID-19 cases, underrepresented compared with oth-
er age groups [3, 13–15]. The median age of the diagnosed
children ranges from 3.3–11 years in different reports, and
data shows that children younger than 1 year are
disproportionally represented [2, 3, 15–17]. Like in the adult
population, there is a male predominance [2, 3, 15–17]
(Table 1).

The contribution of children in spreading the virus through
the community is a field of uncertainty, mainly due to the high
rates of asymptomatic infection at younger age groups. A
recent report found that in only 8% of households of 40 sick

children, the child was the suspected index case. In the re-
minder, the child developed the symptoms following or to-
gether with a sick adult [18]. The same finding was seen in a
cohort of sick children from China [19]. However, these co-
horts may have been evaluated when educational institutes
were closed, so childrenwere less likely to contract the disease
outside the house. In addition, recent reports show outbreaks
in a high school and a summer camp [20, 21]. This is an issue
of concern considering recent evidence of equivalent or higher
amounts of viral nucleic acid in children < 5 years with mild to
moderate disease, compared with older children and adults
[8]. As schools worldwide are set to reopen, proposed adjust-
ments of the education system include universal masking,
breaking classes into capsules, attendance on alternate days,
outdoors classrooms, online lessons, temperature checks, and
reconfiguration of ventilation and air conditioning systems
[22, 23].

Clinical Presentation and Disease Course

The rate of asymptomatic children, ranging from 4.4–23% of
confirmed cases, is higher than reported in adults and most
probably represents a significant underestimation as many
asymptomatic children are not screened [2, 3, 16, 17].

The clinical presentation in adults ranges from mild illness
to severe pneumonia. Severe cases may suffer complications
including acute respiratory distress syndrome (ARDS), acute
cardiac injury, and thromboembolic complications. Patients
with severe disease have evidence of hyperimmune response
with persistent fevers, elevated inflammatory markers (D-di-
mer, ferritin), and elevated proinflammatory cytokines [24,
25].

In children, respiratory symptoms are the most common,
followed by fever and gastrointestinal symptoms [3, 16–18]
(Table 1). Anosmia and ageusia are commonly described in
adults [26] but may be more difficult to elicit in young chil-
dren and thus underreported [27].

The rate of children with critical illness ranges from 0.4–
9% of confirmed cases, probably reflecting population bias
since some reports include mainly patients diagnosed in hos-
pitals [3, 4, 15–17]. Data from the USA indicates a hospital-
ization rate of 8 per 100,000 population in children < 18 years,
much lower than 164.5 per 100,000 in adults. However, a
third of the hospitalized children required admission to the
intensive care unit (ICU) [28].

The analysis of critical patients may indicate which chil-
dren are at higher risk. In various reports, half of the children
admitted to the ICU had an underlying medical condition
[15–17, 28, 29]. Factors associated with ICU admissions were
neonatal age group, male gender, lower respiratory tract dis-
ease, and pre-existing medical conditions [17]. Infants aged <
3 months comprised 19% of the hospitalized children in a
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recent report from the USA. However, this may have been due
to the diagnosis of neonatal fever and not due to disease se-
verity [28]. Because these data are driven from potentially
biased datasets with over representation of symptomatic chil-
dren, the association of young age and severity needs to be
further investigated.

Death ensued in 0–0.7% of diagnosed children [2, 3,
14–16]. In the European cohort of 582 children aged 0–
18 years, four children died, all were older than 10 years,
two had no pre-existing medical conditions, one had under-
gone human stem cell transplant (HSCT) 15 months earlier,
and the other patient’s condition was not specified [17]. In a
multinational study from North America on children hospital-
ized in the ICU, two patients, aged 12 and 17 years, died; both
had unspecified pre-existing comorbidities and 1 had also pri-
or gram-negative sepsis [29]. In a cohort from New York, one
patient with metastatic malignancy died [30]. Two cohorts
from China reported one death each—a 10-month-old baby
with intussusception [16] and a 14-year-old boy with no fur-
ther details [2]. Because mortality rates in pediatric cohorts are

low, it is difficult to define risk factors and disease course
leading to fatal result in pediatric population.

A more distinct population among the pediatric population
are neonates. Early reports showed that infants of mothers
infected in the last trimester have normal course and that am-
niotic fluid, umbilical cord blood, throat swab, and breast milk
were negative to the virus [31, 32]. However, more recent
reports show clinical infections in neonates and suggest pre-
vention procedures, such as isolation of the infant and physi-
cal barriers after the delivery [33–35]. Recently, vertical trans-
mission with high placental viral load and neonatal compro-
mise requiring resuscitation was documented [36]. When
screening neonates, a possible contamination of the neonatal
swab by maternal SARS-CoV-2 should be taken into account
[37], in addition to transmission of an undiagnosed maternal
infection after birth.

In a review of cases in the neonatal period, most of them
were asymptomatic (20%) or had mild (48%) and moderate
(20%) signs of clinical infection. The rate of severely ill pa-
tients was higher compared with older children (12% vs. up to

Table 1 Demographic and clinical data of children diagnosed with COVID-19

Lu et al. (China)
(N = 171) [16]

Dong et al. (China)
(N = 728) a [2]

CDC MMWR (US)
(N = 2572) b [3]

Götzinger et al.
(Europe) (N = 582)
[17]

Parri et al. (Italy)
(N = 100) [15]

Median age in years (IQR) 6.7 (N/A) 10 (4–15) 11 (N/A) 5 (0.5–12) 3.3 (N/A)

Patients < 1 years (%) 18.1 11.7 15 29 40

Male/female ratio 1.55 1.3 1.3 1.15 1.3

Asymptomatic (%) 16 4.4 23 16 21

Fever (%) 37.5/6–38 °C 9.4 N/A 56 65 15

38.1–39.0 °C 22.8 28

> 39.0 °C 9.4 11

Cough (%) 48.5 N/A 54.3 N/A 44

Shortness of breath (%) N/A N/A 13 N/A 11

Upper respiratory
tract symptoms
(%)

Rhinorrhea 7.6 N/A 7.2 54c 22

Sore throat or
pharyngeal
erythema

46.2 N/A 24.4 4

Clinical or radiological evidence of
pneumonia (%)

65 N/A N/A 47 N/A

Gastrointestinal
symptoms (%)

Nausea/vomiting 6.4 N/A 11 22 10

Diarrhea 8.8 N/A 13 9

Abdominal pain N/A N/A 5.8 4

Headache (%) N/A N/A 28 28 4

ICU admissions (%) 1.8 0.4 2 8.2 9

Deaths (n, %) 1 (0.6) 1 (0.14) 3 (0.12) 4 (0.7) 0 (0)

CDCCenters for Disease Control and Prevention, Morbidity andMortalityWeekly Report,MMWRMorbidity andMortalityWeekly Report,USUnited
States, ICU intensive care unit, N/A not available
a Data on confirmed cases (the report included also suspected cases)
b Data on signs and symptoms of COVID-19 were available for 291/2572 patients
c Upper respiratory infection included coryza, tonsillitis, sore throat, otitis media and sinusitis
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9% in the general pediatric population aged < 18 years).
Dyspnea was the most common sign (40%), followed by fever
(32%) and feeding intolerance (24%) [4].

Multisystem Inflammatory
Syndrome—Children

SinceMay 2020, several highly endemic countries reported an
exceptional high incidence of multisystem inflammatory syn-
drome (MIS) in children [38–43]. Several case definitions
were proposed, all include fever, elevated inflammatory
markers, and organ dysfunction not attributed to another in-
fectious cause (Table 2). A minority of patients had been
symptomatic prior to onset of MIS onset, and the median
interval from COVID-19 symptom onset to MIS onset is
25 days [44]. The higher rate of positive serologic tests com-
pared with nasopharyngeal reverse transcription–polymerase
chain reaction (RT-PCR) is suggestive of a late complication
of the disease (Table 3) [38, 39, 41, 44, 45]. According to the
Centers for Disease Control and prevention (CDC) report, in
27% of the patients, both were positive. Similar to the acute
COVID-19 [30], obesity is a risk factor for MIS, present in a
quarter of the patients in the CDC report [43]. Suggested

mechanisms for MIS include viral mimicry, formation of im-
mune complexes, and host immune cell activation due to viral
superantigen sequences [46].

Besides fever, the most common presentations of MIS are
gastrointestinal (diarrhea, vomiting, abdominal pain), cardio-
vascular, mucocutaneous (rash, mucus membrane changes,
conjunctival injection), respiratory (including sore throat),
headache, and limb and periorbital edema [39, 43, 44].
Associated laboratory findings are elevated inflammation
markers (neutrophilia, C-reactive protein, ferritin, erythrocyte
sedimentation rate), thrombocytopenia, lymphopenia, elevat-
ed troponin and N-terminal pro-B-type natriuretic peptide
(NT-proBNP), hypertriglyceridemia, and elevated D-dimer
and fibrinogen. Some patients meet the criteria for macro-
phage activation syndrome (MAS).

The disease course is typically severe, with high rates
of ICU admissions, mechanical ventilation, and death
(Table 3). Severe course is characterized by shock, and
coronary aneurysms [39, 41, 43, 44, 47, 48]. In addition
to supportive care, children diagnosed with MIS were
treated with intravenous immune globulin ± aspirin, glu-
cocorticoids, IL-6 receptor antagonist, IL-1 receptor an-
tagonist, and TNF-α antagonist [48]. In the larger cohorts,
from the USA, 2% of the patients died, one of them

Table 2 Diagnostic criteria for
multisystem inflammatory
syndrome in children

CDC case definition WHO case definition

• Age < 21 year

• Clinical presentation including all of the following:

○ Fever > 38.0 °C for ≥ 24 h, or report of subjective
fever lasting ≥ 24 h.

○ Laboratory evidence of inflammation, including,
but not limited to: an elevated C-reactive protein
(CRP), erythrocyte sedimentation rate (ESR),
fibrinogen, procalcitonin, D-dimer, ferritin, lactic
acid dehydrogenase (LDH), or interleukin 6 (IL-6),
neutrophilia, lymphopenia, and hypoalbuminemia

○ Clinically severe illness requiring hospitalization

○ Multisystem (> 2) organ involvement (cardiac,
renal, respiratory, hematologic, gastrointestinal,
dermatologic, or neurological)

• No alternative plausible diagnoses.

• Positive for current or recent SARS-CoV-2 infection
by RT-PCR, serology, or antigen test; or
COVID-19 exposure within the 4 weeks prior to the
onset of symptoms

Additional comments

• Some individuals may fulfill full or partial criteria for
Kawasaki disease but should be reported if they
meet the case definition for MIS-C

•Consider MIS-C in any pediatric death with evidence
of SARS-CoV-2 infection

• Age < 19 years

• Fever > 3 days

• Two of the following:

○ Rash or bilateral non-purulent conjunctivitis or
mucocutaneous inflammation signs (oral, hands, or
feet)

○ Hypotension or shock

○ Features of myocardial dysfunction, pericarditis,
valvulitis, or coronary abnormalities (including
ECHO findings or elevated troponin/NT-proBNP)

○ Evidence of coagulopathy (by PT, PTT, elevated
d-Dimers)

○ Acute gastrointestinal problems (diarrhea, vomiting,
or abdominal pain)

• Elevated markers of inflammation such as ESR,
CRP, or procalcitonin

• No other obvious microbial cause of inflammation,
including bacterial sepsis, staphylococcal or
streptococcal shock syndromes; AND

• Evidence of COVID-19 (RT-PCR, antigen test or
serology positive), or likely contact with patients
with COVID-19

CDC Centers for Disease Control and Prevention, WHO World Health Organization, RT-PCR reverse transcrip-
tion–polymerase chain reaction
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reported that half of them had underlying medical condi-
tions [43, 44].

The clinical presentation was compared with that of
Kawasaki disease. However, children diagnosed with MIS
were older [38, 39, 44, 47], showed a greater elevation of
inflammatory markers [39], and more frequent cardiovascular
hemodynamic involvement [38, 44, 47].

Treatment

Treatment in children infected with SARS-CoV-2 consists
mainly on supportive care, including oxygen and advanced
respiratory support, hydration, and antipyretics [49, 50].
Metered dose inhalers are preferred over nebulizers due to
the decreased risk of virus dissemination [49, 51].

The inclusion of children in early phase clinical trials of
novel agents is usually delayed; hence, trial data regarding
efficacy and safety are scarce [52].

Antiviral and antiinflammatory drugs may be considered in
severely ill children and those at higher risk for severe disease,
preferably as part of a clinical trial. Severe disease is often
associated with hyperinflammation and cytokine storm that
may lead to acute respiratory distress syndrome [49, 53].
Hence, medications targeted to the immune system were sug-
gested, in addition to antivirals. Several medications were
used in hospitalized children [28, 29], but not in the context
of a clinical trial, making it difficult to accurately assess their
outcome.

The antiviral agent remdesivir was suggested as the pre-
ferred agent for treating COVID-19 in children [50]. This is an
adenine nucleoside analogue that interferes with the virus’
RNA-dependent RNA polymerase. Remdesivir was used in

children suffering Ebola infection, but pediatric safety data
were not separately reported [54]. Studies in adults showed
it may have some benefit [55–57], and clinical trials including
children are ongoing. Currently, the NIH recommends using
remdesivir in adults with severe disease [58]. The drug is
available through the US Food and Drug Administration
Emergency Use Authorization and compassionate use re-
quests are reviewed by the manufacturer [59]. A clinical trial
is currently evaluating the pharmacokinetics in children [58].

Dexamethasone was found in the randomized-controlled
UK-based RECOVERY trial to reduce mortality in patients
who require respiratory support [60]. Despite the enrolment of
children, it is not clear if the analysis included children, so
further data is still needed. The NIH guidelines state that dexa-
methasone may be beneficial in pediatric patients who require
mechanical ventilation and suggest treatment according to in-
dividual considerations in milder cases [58]. Another potential
adjunctive therapy for COVID-19 is convalescent plasma,
with only scarce experience in adults [58, 61, 62].
Shekerdemian et al. reported the use of convalescent plasma
in a child, but the results were not discussed [29]. Currently,
there are insufficient data to recommend either for or against
the use of convalescent plasma for the treatment of COVID-
19. Clinical trials of COVID-19 convalescent plasma in chil-
dren are ongoing [58].

Other drugs were initially suggested for the treatment of
COVID-19 and their use in infected children was reported [28,
29]. However, current recommendations are against their use
due to questionable safety and efficacy [58]. The antiviral
lopinavir/ritonavir (Kaletra) is a protease inhibitor used for
treatment of HIV infection, including young infants. Its sug-
gested mechanism of action is inhibition of the SARS-CoV-2
proteinases papain-like proteinase and 3C-like proteinase,

Table 3 Clinical data of children diagnosed with multisystem inflammatory syndrome

Median age (years) ICU
admissions,
n (%)

Deaths,
n (%)

Ventilated,
n (%)

ECMO,
n (%)

Positive SARS-CoV-2
serum serology, n (%)

Positive nasopharyngeal
SARS-CoV-2 RT-PCR

Whittaker et al. (UK)
(N = 58) [39]

9 (IQR 5.7–14) 29 (50) 1 (2) 25 (43) 3 (5) 40/46 (87) 15 (26)

Feldstein et al. (US)
(N = 186) [44]

8.3 (IQR 3.3–12.5) 148 (80) 4 (2) 37 (20) 8 (4) 73 (39) 58 (31)

Toubiana et al.
(France) (N = 21)
[41]

7.9 (range 3.7–16.6) 17 (81) 0 11 (52) N/A 19 (90) 8 (38)

Verdoni et al. (Italy)
(N = 10) [38]

7.5 (SD ± 3.5) N/A 0 0 0 8 (80) 2 (20)

CDC MMRW (US)
(N = 570) [43]a

8 (range
2 weeks–20)

364 (64) 10 (1.8) 69 (13) N/A 418 (73.2) 302 (53)

UKUnited Kingdom,USUnited states, IQR interquartile range, ICU intensive care unit, ECMO extra-corporal membrane oxygenation, RT-PCR reverse
transcription–polymerase chain reaction, N/A not available
a Since this report included all reported cases in the United States, it is reasonable to assume that patients from the cohort by Feldstein et al. were also
reported
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which are key enzymes in polyprotein processing [50]. The
NIH recommends against its use outside of clinical trials in
COVID-19 due to lack of proven efficacy and concerns on its
pharmacodynamics [63]. Hydroxychloroquine was suggested
as another potential treatment. It was previously shown to
inhibit SARS-CoV-2 entry into cells and interfere with the
glycosylation of the ACE-2 receptor (virus’ binding site) and
inhibit its spread [64, 65], and has additional host immuno-
modulatory effects [61]. There is no solid evidence for its
efficacy in adults [66]. The drug is available and was previ-
ously used to treat children in other indications. Due to sub-
stantial risk of QT prolongation, it is not recommended com-
bining hydroxychloroquine with azithromycin. Patients with
known G6PD deficiencies should be monitored for hemolysis
[50]. Shekerdemian et al. reported its use in almost half of a
cohort of children hospitalized in intensive care units in North
America, but there is no analysis of the outcome of the specific
treatment [24]. The NIH recommends against its use except
for clinical trials [58]. Tocilizumab, an IL-6 receptor antago-
nist, was used in adults with cytokine storm and
hyperinflammation due to SARS-CoV-2 with conflicting re-
sults [53, 67–69], and in a small number of children admitted
to ICU, but the outcome was not specified [29]. It is FDA
approved to treat cytokine release syndrome in children 2 years
of age and older, and in the RECOVERY trial used in children
> 1 year [52, 70]. Screening and monitoring infectious com-
plications especially latent tuberculosis should be performed
prior and during therapy [69]. The NIH recently recommend-
ed against the use of IL-6 inhibitors for the treatment of
COVID-19, except for clinical trials [58]. However, reports
suggest its use in children who develop multisystem inflam-
matory syndrome (discussed later).

Other potential treatments are currently under evaluation,
including antiIL-1 (anakinra), interferon-beta, and ivermectin
[49, 58, 61].

Special Populations

Following the concern regarding the consequences of SARS-
CoV-2 infection in children with chronic diseases, several
guidelines were published.

A statement endorsed by the US Pediatric Infectious
Diseases Society has recently proposed that children with se-
vere immunocompromise, severe cardiac, or severe pulmo-
nary diseases may be more likely to experience severe
COVID-19 disease. Obesity and diabetes should be also taken
into account, especially with comorbidities [50].

The European Academy of Allergy and Clinical
Immunology recommends treating children with allergic asth-
ma, allergic rhinitis, or other allergy conditions according to
usual guidelines. One exception to this is the advice to with-
hold biologics (antiIL-5Rα, IL-4Rα, and omalizumab) during

acute COVID-19 disease, since they are directed towards type
2 response, which may counteract the “cytokine storm” seen
in severe COVID-19 [71, 72]. The Global Initiative for
Asthma (GINA) recommends continuation of inhaled asthma
treatment and treatment with biologic therapies if needed.
Treatment with oral corticosteroids should be administered
in the lowest possible dose in patients at risk of severe attacks
[51].

Patients with immunodeficiency, either primary, secondary
to other diseases or medical treatments, are advised to strictly
follow national precaution recommendations and in case of a
suspected infection be in touch with their physician [71]. Clear
data regarding the severity of the disease in immunocompro-
mised children are lacking. Previously, immunocompromised
children showed increased risk for severe lower respiratory
tract disease due to seasonal coronaviruses [73•]. On the con-
trary, a report from Bergamo, Italy, stated that children who
underwent liver transplant did not develop clinical pulmonary
disease during the outbreak [74]. In adults, patients with ma-
lignancy and solid organ transplant recipients may be at in-
creased risk of severe COVID-19 disease and death. Evidence
regarding other types of immunocompromise is scarce [75].
According to the guidance endorsed by the pediatric infec-
tious diseases experts, patients with mild to moderate immu-
nodeficiencywere not proven to be at increased risk, and those
severely immunocompromised (e.g., severe combined immu-
nodeficiency, < 100 days post-allogenic-HSCT, HIV infec-
tion with CD4 count < 15% or < 200/mm3, treatment with
costimulation inhibitors like belatacept or abatacept, high-
dose corticosteroids, and more conditions) should be consid-
ered for antiviral treatment. The panel suggests reducing T cell
immunosuppression in infected children [50].

Indirect Consequences on Child Health

Beyond the physiological manifestation of COVID-19, other
pediatric health issues during this pandemic bear mention.

Data show that lockdown, combined with intense fear of
COVID-19 contagion, led to a dramatic decrease in patients
seeking medical care for other emergent issues [76–78]. In
addition, ambulatory and screening services were postponed,
including routine immunizations given to infants and children
[79]. Lower immunization rates may diminish herd immunity
for some vaccine preventable diseases and lead to the re-
emergence of other infectious diseases in children. This trend
may wane as the epidemic continues and routine health seek-
ing behaviors resume. Masking of the medical staff poses
another barrier for the routine medical care of children, mak-
ing communication with pediatric patients challenging [80].

School closure was a major step of infection control in
many countries, affecting over 1.6 billion learners [81]. The
consequences to the child’s well-being of these steps are
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numerous: learning loss, (especially for those in low-income
settings), lack of access to school-provided social assistance,
reduced physical activity, and a significant harm to social life.
In low- and middle-income countries, where access to educa-
tion may be limited, some children may drop out as a result of
the indirect impact of the outbreak [81, 82].

Following school reopening, frontal teaching is partial-
ly replaced by remote online lessons. Despite its innova-
tive nature, this mode of studying is impossible to chil-
dren affected by a lack of resources and requires extreme
effort from children dealing with attention deficit hyper-
activity disorder (ADHD) [83]. A study from China found
that children’s ADHD behaviors significantly worsened
during COVID-19 outbreak in comparison with their nor-
mal state [84]. The European ADHD guidance group
(EAGG) adjusted its protocol, and frontal cardiovascular
exam is no longer needed to initiate drug therapy, given
normal personal and familial cardiac history and normal
blood pressure and heart rate [85]. Additional effects of
the epidemic on mental health include anxiety and depres-
sion [86–88]. A survey among Chinese school-aged chil-
dren during lockdown revealed higher rates of anxiety and
depression than usual [89].

Safe, secure, and supportive domestic environment for
children requires engaged parenting. However, during
these times, parents are challenged by unemployment, re-
mote work, economic instability, home confinement,
health worries, and home-learning of their children [90,
91]. Thus, children are at higher risk than usual to neglect
abuse and domestic violence [91–93]. Despite increased
incidence of child abuse and neglect during COVID-19
pandemic [93, 94], the number of official reports to mal-
treatment lines in a few US states decreased sharply, rais-
ing a concern of under-reporting due to decreased contact
with the insulted children. Spotting signs for abuse and
assessing home safety through distance learning should be
practiced [93].

The economic impact of the pandemic is likely to deepen
unemployment and poverty worldwide. The resultant food
insecurity and malnutrition are concerning [95, 96], particu-
larly in young children who are the most vulnerable to its
consequences [97].

On the other hand, in wealthier countries, quarantine,
social distancing, and parental difficulties led to unhealthy
lifestyle modifications among adolescents with increased
consumption of unhealthy foods and reduction in physical
activity that may lead to obesity and sleep disorders
[98–102]. Suggested steps to encourage physical activity
during this period include incorporating physical activity
into children’s daily routine, using electronic devices for
engaging children to physical activity, encouraging family
members to join ongoing activities, and avoiding extend-
ed sitting [101].

Prevention

The standard precautions face masks, hand hygiene, and so-
cial distancing are extremely difficult to implement in young
children. Alcohol-based hand sanitizers contain above 60%
ethanol, and according to the CDC should be used with adult
supervision in children under 6 years of age. The use of masks
may be cumbersome in children. The minimal proposed age
for mask use is 2 years old. In younger ages, the smaller
airways may interfere with breathing and the child may be
unable to remove the mask on his own. In older children, size
fitted mask and education on appropriate mask removal are
needed [103].

Over 140 SARS-CoV-2 vaccine candidates are currently
evaluated, including nucleic acid–based, viral vector vaccines,
and inactivated or recombinant protein vaccines. Most of them
focus on immunity against the viral spike (S) glycoprotein
[104, 105]. Results of three vaccine trials were recently pub-
lished: a phase 1 trial of an mRNA vaccine that encodes the S
glycoprotein [105], a phase 1 trial of a recombinant adenovi-
rus type-5 vectored expressing the S glycoprotein [106], and a
phase 1/2 trial of a chimpanzee adenovirus–vectored vaccine
expressing the S glycoprotein (ChAdOx1 nCoV-19) [107].
All showed both humoral and cellular immunogenicity to
the spike glycoprotein. The most common reported side ef-
fects include fatigue, headache, and fever, with higher rates
compared with other vaccines [105–107]. None of the trials
included children.

Conclusions

In summary, children at any age may be infected with
SARS-CoV-2, with reduced frequency and severity com-
pared with adults, although clear epidemiologic data is
still missing. In addition, the recently identified MIS
may pose an additional threat. Data on the outcome of
antiviral treatments, the safety and immunogenicity of
vaccinations, and better specification of high-risk patients
in the pediatric population are still needed. As the pan-
demic continues to evolve, it is still hard to fully assess or
forecast the mid- and long-term effects of the resulting
significant changes to society, economics, and human be-
havior on future child health and well-being. It is impor-
tant that both medical and social efforts focusing on the
pediatric population are undertaken to protect the children
of the world allowing them to fulfill their enormous
potential.
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