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Abstract

After Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV) and the Middle East
Respiratory Syndrome Coronavirus (MERS-CoV), SARS-CoV-2 is the newest member of
the family of coronaviruses that are pathogenic to humans. The disease which occurs with
SARS-CoV-2 is called coronavirus disease 2019 (COVID-19). COVID-19 was first described
in December 2019 and has caused millions of people to get sick and hundreds of thousands
of deaths over the past year. In this review, the epidemiology, diagnosis, clinical and laboratory
features, radiological findings, treatment, and management of the disease are all reviewed
from a pediatrician’s perspective. Post-infectious complications, the impact of COVID-19 on
global child health, and vaccine developments were also discussed in this review.
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Introduction

Coronaviruses are single-stranded RNA viruses that cause
a number of infections in animals and humans. After Severe
Acute Respiratory Syndrome Coronavirus (SARS-CoV) and
the Middle East Respiratory Syndrome Coronavirus (MERS-
CoV), SARS-CoV-2 is the newest member of the family of
coronaviruses that are pathogenic to humans. The other
family members of coronaviruses (229E, NL63, OC43,
and HKU1) have been associated with usually mild clinical
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symptoms.! The disease which occurs with SARS-CoV-2
is called coronavirus disease 2019 (COVID-19). In early
December 2019, the outbreak of COVID-19 started in Wuhan
City, Hubei Province, China. On the 30" of January, 2020, the
World Health Organization (WHO) declared the outbreak as a
Public Health Emergency of International Concern. On the 11"
of March, 2020, the WHO declared COVID-19 as a pandemic
disease.? SARS-CoV-2 has, up to the 15" of November,
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2020, caused nearly 54 million infections and 1.300.000
deaths worldwide.®> Among 8.198.609 cases reported to
the Centers for Disease Control and Prevention (CDC) in
the United States (US), 9.4% were children.* In this review,
evidences, theories, and questions about COVID-19 will
be discussed from a pediatrician’s perspective.

Epidemiology of COVID-19 in children

SARS-CoV- 2 is carried in the respiratory tract of infected
people from nose to lungs and spread during speaking and
coughing especially. Respiratory droplets, direct contact,
and aerosol transmission are
the primary infection routes
in both children and adults.’
SARS-CoV-2 actively infects
gastric, duodenal, and rectal
glandular epithelial cells. The
fecal-oral route has also been
evaluated in the pediatric
population as a potential route
of transmission. Nevertheless,
it has not been accepted as a
major transmission route for
children or adults.®®

adults to

the pandemic.

Infectiousness starts two days
before symptom onset, peaks
0.7 days before symptom onset,

awareness of
phenomenon.

* Infected children generally had mild

symptoms and were less likely than
report
tract symptoms. Radiological imaging
indications remain as they were before

» Corticosteroids may be beneficial in
critical pediatric COVID-19 patients.

* MIS-C management should
a multidisciplinary care team,
pediatricians should have a high

this

These outbreaks reveal that infected adults are typically
responsible for introducing viruses into these settings.

Infected children generally had mild symptoms and
were less likely than adults to report lower respiratory
tract symptoms or loss of taste or smell. Asymptomatic,
mild, and moderate cases account for 98% of childhood
cases.?® Mortality rate is also much lower than that in
adults. In the US, from the beginning of the pandemic,
mortality in children (<18 years of age) accounts for
<0.41% of all deaths.* The differences in clinical outcomes
between children and adults
with COVID-19 suggest that
age-dependent host features
are important contributors to
the disease’s pathophysiology.
There are some possible
answers to this question
with the studies done so far.
Children are more likely to
have other viruses in their
upper respiratory tract, and
associations and competition
of these viruses with SARS-
CoV-2 can hinder their ability
to cause infection. SARS-
CoV-2 enters into host cells

lower respiratory

include
and

post-infectious

and declines within seven

days.9 Both symptomatic persons and asymptomatic
carriers can transmit disease. Furthermore, each patient
can transmit the infection to 1.5-7 individuals."

Worldwide, during lockdown periods, children constituted
only 2% of recorded infections.” But, after the school
openings and ending of the lockdowns, the number
of pediatric cases increased dramatically. In the US,
pediatric cases were 1.7% of all cases in the first months
of the pandemic, but this ratio increased to 11.5%
nowadays.*'2"3 The recent report from the US, the overall
rate of COVID-19 is 1,381 cases per 100,000 children in
the population. Between two weeks (10/29 — 11/12), the
rate of the increase in childhood cases was reported as
22%." Early studies during the lockdowns showed that
most children appeared to acquire infection from positive
adults, especially within the family. On the other hand,
when children have had contact with people infected
with COVID-19, they are probably less likely to contract
the infection than adults. Having an infected parent was
associated with a marked increase in risk for secondary
infection in a child.

Recent meta-analyses suggest that children’s overall
susceptibility is approximately half of adults, with the most
significant effect on younger children.'*'> Numerous large-
scale studies have indicated that children, particularly
children <10 years, have much lower infection rates
than adults.'®'” Schools or child care facilities are other
potential areas for outbreaks. In countries with strict
mitigation regulations like Ireland, Australia, Singapore,
and Germany, there were reported no to the little facility-
based transmission of SARS-CoV-2 by children despite
the presence of infected children.'®?' However, in areas
with widespread community transmission or less strict
mitigation procedures, large outbreaks have occurred.?>

by Angiotensin-Converting
Enzyme 2 receptors (ACE2-r). These receptors are
expressed in various tissues, especially alveolar epithelial
cells, nasal and intestinal epithelium. Different from adults,
children have significantly lower levels of ACE2-r in their
nasal epithelium. This difference may make them less
susceptible to infection.?® Additionally, previous exposure
to other seasonal human coronaviruses may also provide
a level of protection through cross-reactive T-cells against
SARS-CoV-2.2 Differences in immune responses of
children and adults to SARS-CoV-2 are another main
reason why the clinical course of COVID-19 is different
in children and adults. New findings suggest that children
with COVID-19 do better than adults because their
stronger innate immunity protects them against SARS-
CoV-2 related complications like acute respiratory
distress syndrome (ARDS), while adult patients respond
to infection with an over-vigorous adaptive immune
response that may promote the inflammation associated
with ARDS.2 The low mortality rates and the mild course
of the disease are also frequently debated whether
childhood vaccines will have a role. There may be a
possibility that heterologous immunity developed against
traditional childhood vaccines may positively affect
COVID-19 infections in children. In this context, especially
Bacillus Calmette-Guerin (BCG) and measles, mumps,
and rubella (MMR) vaccines have been the subject of
some studies, but there has not been sufficient evidence
that childhood vaccines are protective against COVID-19.
There are still unexplained points regarding the different
epidemiological and clinical features of COVID-19
between children and adults. Therefore, it will remain
important to explain the mechanisms responsible for
differences in symptomatology, sensitivity, and infectivity
between adults and children.
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Virologic Diagnostic Tests

Forthe diagnosis of acute infection, detecting SARS-CoV-2
RNA from the nose and oropharynx is crucial. Real-time
RT-PCR-based testing from the nasal and oropharyngeal
swab is recommended. RT-PCR tests can also be used
for other respiratory samples like endotracheal aspirate or
bronchoalveolar lavage. Many factors affect the accuracy
of testing include the quality of the sample, the material
used for sampling, stage of the disease, and viral load
in the patient. In clinical settings, the false-negative
test rates have been reported between 10% to 40%.%°
When the clinical suspicion is high, the tests should be
repeated. Overall, RT-PCR for SARS-CoV-2 has a high
specificity of 95% but a lower sensitivity of approximately
70%.%° Most studies on contagiousness are depended
on viral RNA detection from respiratory specimens. Viral
replication stops 5 to 7 days after the onset of symptoms,
but patients can remain RNA-positive for days and
weeks. It is essential to remind that prolonged viral RNA
detection following illness resolution does not necessarily
indicate infectiousness.”10530-32 Saliva specimens may
be an alternative diagnostic sample for RT-PCR based
tests. These tests may be more comfortable and safer
during the sample collection. Studies from the US and
Canada suggest that saliva testing is as sensitive as
nasopharyngeal swab testing in high-risk populations.3334

Serological testing for SARS-CoV-2 (IgM and IgG) can
detect recent or previous infection. The tests’ sensitivity
and specificity vary depending on the type, timing, and
manufacturer of the test. While the specificity rates vary
between 96.6% to 99.7%, sensitivity rates are between
66% to 97.8%. The tests that have no authorization from
the United States Food and Drug Administration (FDA)
or the European Medicines Agency (EMA) should not be
used.

Antigen tests are another alternative for diagnosing acute
infection rapidly. Most commercially available antigen
tests detect the nucleocapsid (N) or spike (S) proteins of
the virus by using enzyme-linked immunosorbent assay.
Despite the lower price and easy usage of these tests,
their sensitivity is less than that of nucleic acid amplification
tests typically.®®

Clinical and Laboratory Features

Children of all age groups can be infected with COVID-19.
From the studies, there is no age or sex preponderance.
% The incubation period is usually between 5-6 days but
may reach up to 14 days. In COVID-19, the spectrum of
the clinical features in children varies from asymptomatic
to critical illness. The commonest presenting features in
children are fever, coryzal symptoms, cough, lethargy,
and shortness of breath. Respiratory symptoms are not
the only features of COVID-19 in children. Abdominal
pain, vomiting, and diarrhea are common gastrointestinal
symptoms present with or without respiratory symptoms.
Unlike adults, dermatologic lesions are more common in
children and can be seen in up to 20% of patients. The
common manifestations are maculopapular rash, urticarial
eruptions, and transient livedo reticularis and pernio
(chilblain)-like acral lesion.*® Dermatological lesions
can be easily misinterpreted and confused with other
viral infections or non-infectious diseases. Around 10%

of hospitalized children with COVID-19 have additional
infectious diseases such as urinary tract infection,
appendicitis, and sepsis."

Patients with COVID-19 may be grouped in 5 clinical
pictures: Asymptomatic infection, mild, moderate, severe,
and critically severe infection. Severely ill cases are
defined as those with central cyanosis and pneumonia,
and critically ill cases develop acute respiratory distress
syndrome that necessitates mechanical ventilation.
Between 15% and 20% of virologically positive cases
remain asymptomatic during the disease course in children.
Meanwhile, most of the symptomatic cases often have
mild to moderate symptoms in severity and can be cared
for in the home.*"38 As noted, the disease is more likely to
be mild in children than adults. In a review in which 2228
children were evaluated, severe disease rate also reported
that only 6% of infected patients.*® Mortality rates are also
very low in children compared to adults. The overall death
rate in adults appears to be 2% to 3%.4° In contrast, only
two deaths (0.09%) were reported in the recent review of
2228 children.® Although children represent a growing
percentage of total cases, hospitalization, and death due
to COVID-19 are still uncommon in all countries. In the US,
children were 1.2-3.3% of total reported hospitalizations,
and between 0.5%-6.1% of all child, COVID-19 cases
resulted in hospitalization. The rates are varying between
states. Mortality rates also varied between the states, and
16 states reported zero child deaths in the US. As the last
reports from the US, 0.00%-0.15% of all child COVID-19
cases resulted in death, and children made up 0.07% of
total deaths. 4

The laboratory characteristics of acute COVID-19 are
variable in children, and a large proportion of them
have normal values." In adults, lymphopenia is the
most common abnormality in complete blood count.*?
Limited studies in children describe relatively lower rates
of lymphopenia. Additional to lymphopenia, elevated
inflammatory markers, including C Reactive Protein (CRP)
and procalcitonin, have been documented in children but
are by no means universal.**4 Acute phase reactants
like CRP, procalcitonin, erythrocyte sedimentation rate,
ferritin, D-dimer, fibrinogen, and interleukin-6 are the most
studied laboratory markers in COVID-19. An elevated
marker of inflammation should point toward more severe
disease and alert the clinician about the possibility of the
multisystem inflammatory syndrome in children (MIS-C)
associated with SARS-CoV-2 which is discussed in
another section.”

Radiological Findings

Chest x-ray findings in COVID-19 are usually non-specific,
and bilateral infiltrates like any other viral infections can
be seen. Pleural effusion is an uncommon finding.*
When chest radiography has been performed in children
with COVID-19, no specific features are found to be
diagnostic. Therefore, chest X-ray indications remain as
they were before the pandemic. It should be remembered
that X-ray findings may be normal in the early phases
of the disease.*® Computed tomography (CT) can show
early changes in the lungs independent from the clinical
symptoms. The radiological findings of subpleural lesions,
bilateral peripherally distributed ground-glass opacities
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(GGOS), and patchy alveolar infiltrations with lower
lobe predominance are common findings in children in
COVID-19 (Figure 1).4547 |In addition to the GGOs and
patchy alveolar infiltrations, the reversed halo sign can
also be noted in children.*® The critical point about imaging
is performing a CT did not alter the management of the
maijority of these children.#” It should be reminded that
radiologic findings may not always be consistent with the
clinical picture and may continue to persist for weeks even
after the resolution of clinical symptoms.” Children with
COVID-19 who have radiological evidence of pneumonia
are significantly more likely to require intensive care unit
(ICU) admission. ™38

Special patient groups

In adults, certain comorbidities like hypertension, chronic
respiratory and cardiovascular diseases, obesity,
diabetes, immune-compromised status, chronic kidney
disease, smoking, and obesity have all been identified
as an important risk factor for poor prognosis.” In the first
international multicentric pediatric COVID-19 studies in
Europe, significant risk factors found for requiring ICU
admission were being younger than one month, male
sex, pre-existing medical conditions, and presence of
lower respiratory tract infection signs or symptoms at
presentation.38 However, in children and adolescents,
there is a need for more data to understand how pre-
existing conditions can influence the course of COVID-19.

Neonates have been reported to have COVID-19 but
rare. Evidences for transmission of the SARS-CoV-2 virus
through the placenta or viral transmission through the birth
canal during the labor is not clear. The majority of infected
neonates are believed to have contracted COVID-19 after
birth. Although compared to all children, age under one
month is a risk factor for ICU admission in COVID-19,
neonates have not usually required ICU admission.3®
In a systemic review, we see that most neonates with
SARS-CoV-2 infection are asymptomatic or presented
mild symptoms, generally have a good prognosis after
a median of 10 days of hospitalization.*® With current
findings, neonatal guidelines do not recommend against
breastfeeding for mothers with COVID-19. No replicable
virus has been identified in breast milk yet.®® During
the breastfeeding period, contact precautions, use of
maternal masks, hand hygiene before and after touching
baby, social distancing from other individuals, limiting all
contacts must be followed meticulously.5'

Although recent studies have found that adults with
cancer and COVID-19 have a higher death rate, this
does not appear to hold for pediatric cancer patients.
Boulad et al.®? find that the overall morbidity of COVID-19
in pediatric patients with cancer is low, with only 5%
requiring hospitalization for symptoms of COVID-19.
Additionally, they showed that the rate of SARS-CoV-2
infection among asymptomatic pediatric patients was very
low compared with their asymptomatic caregivers (2.5%
and 14.7%, respectively).

As in adults, children with the following conditions might
be at increased risk for severe illness: obesity, medical
complexity, severe genetic disorders, severe neurologic
disorders, inherited metabolic disorders, sickle cell
disease, congenital (since birth) heart disease, diabetes,
chronic kidney disease, asthma and other chronic lung
diseases, and immune-weakening medications.?32385354
Several other aspects could be implicated in the severity
of COVID-19 in children, such as coinfection with RSV,
the immune system’s responsiveness, vaccination history,
and levels of vitamin D, and genetic polymorphisms.
However, the present paucity of data limits the ability to
draw such conclusions.??

Clinical management and treatment options

Most children with COVID-19 require only supportive
therapy (e.g., acetaminophen and hydration for fever and
lessen fluid uptake), with less than 25% of hospitalized
children requiring oxygen and far fewer requiring ventilatory
support.' Difficulty in breathing, cyanosis, undefined chest
pain, altering mental status, poor feeding, and decreased
urine out are the clinicians’ main alarming points. Patients
with underlying medical conditions and those who present
with severe and life-threatening clinical features require
hospital admission. Patients should be monitored for
clinical deterioration. Supportive care is the primary
treatment for these patients. Fever control, respiratory
support (oxygen supplementation, non-invasive, and
invasive ventilation), adequate nutrition, and fluid
replacement are the main supportive care approaches.
In more severe cases, renal replacement therapy and
extracorporeal membrane oxygenation may be needed.
In children receiving immunosuppression therapy, the
risk and benefit of reducing immune suppression must be
evaulated.

Figure 1. Computed chest tomography findings of a child with COVID-19; subpleural lesions, bilateral peripherally distributed ground-glass
opacities, and patchy alveolar infiltrations, especially in lower lobes (A: Coronal reconstruction plane, B and C: horizontal planes).
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Corticosteroids: Current literature shows that the most
effective agent for reducing mortality in critically unwell
adults with COVID-19 is dexamethasone. The safety
and effectiveness of corticosteroids have not been
sufficiently evaluated in pediatric COVID-19 patients.
Dexamethasone or another corticosteroid is not
recommended for mild pediatric patients who require
low levels of oxygen support. As in the adult studies,
corticosteroids may be beneficial in critical pediatric
COVID-19 patients with respiratory disease who require
mechanical ventilation.5”

Remdesivir: Remdesivir is a nucleotide analog that
inhibits RNA-dependent RNA polymerase. It was first
developed for Ebola therapy in 2017 by Gilead and has
been found to have in vitro activity against coronaviruses.
At the beginning of the pandemic, studies showed in
vitro activity of remdesivir against SARS-CoV- 2. In
April 2020, the American Pediatric Infectious Diseases
Society suggested remdesivir for COVID-19 treatment
in children if an antiviral is used.® Meanwhile, the drug
has received emergency authorization by the FDA for
emergency use in both children and adults with severe
COVID-19 disease in May 2020.%° The current dose of
remdesivir in pediatrics is 5 mg/kg (maximum dose 200
mg) IV loading dose on day 1, followed by 2.5 mg/kg
(maximum dose 100 mg) IV every 24 hours for 5 to 10
days.*® Based on the results of recent multicenter studies,
on 20" of November, WHO has issued a conditional
recommendation against the use of remdesivir in
hospitalized patients, regardless of disease severity, as
there is currently no evidence that remdesivir improves
survival and other outcomes in these patients.®

Favipiravir: Favipiravir is a guanine analog that inhibits
RNA polymerase. It is approved for the treatment of
influenza virus infection in Japan previously. None of
the European, US, and WHO guidelines recommend
favipiravir for the treatment of COVID-19 for now.57:6061
The potential of this drug remains unclear and requires
additional clinical studies before any recommendations
can be offered.

Convalescent Plasma: In phase Il, randomized
controlled trial in India (PLACID trial), investigators found
no net benefit associated with convalescent plasma in
patients admitted to hospital with moderate COVID-19.
Using convalescent plasma was not associated with a
reduction in progression to severe covid-19 or all-cause
mortality. Small beneficial effects were found for the
resolution of shortness of breath and fatigue.®? We have
not sufficient data to recommend either for or against
the use of convalescent plasma to treat COVID-19 in
adults yet. Additionally, the safety and effectiveness
of convalescent plasma have not been evaluated in
pediatric patients. Clinical trials of convalescent plasma
in COVID-19 treatment in children are ongoing.%’

Venous thromboembolism prophylaxis: COVID-19
seems to be associated in adults with an increased risk
of disseminated intravascular coagulation and venous
thromboembolism, but children have a much lower
incidence of thrombotic complications than adults.
Preventive anticoagulant therapy can be considered
for neonates and adolescents in cases where severe

inflammatory conditions and hyperactivation of the
clotting process can occur. In these groups, the
suggested treatment is with subcutaneous enoxaparin
100—-200 U/kg/day, which can be increased to 150-300
U/kg/day in neonates.®"

Other drugs and supplements: Currently, because
of the lack of a strong rationale and the absence of
evidence of certain effects in the treatment of COVID-19
patients, guidelines recommendations are against to
use hydroxychloroquine, chloroquine, azithromycin,
lopinavir/ritonavir, orivermectin for the treatmentin adults
and children both in inpatient and outpatient settings.5":6°
Antibacterial and antifungal agents should be used
only when an infection is suspected/confirmed. If it is
needed, anti-infective agents should be used according
to local guidelines and clinical/laboratory assessments.”
In the management of COVID-19, the function of vitamin
and mineral supplements such as vitamin C, vitamin D,
vitamin A, and zinc remains uncertain. There is not yet a
well-designed controlled study to evaluate their effects.
Until more data become available, dietary supplements
should be avoided if there is no documented deficiency.®?

Vaccine studies

Many potential vaccines for COVID-19 are being studied,
and several large clinical trials are ongoing. At the time
of writing this article, 56 vaccines have been testing in
clinical trials, and at least 200 vaccine candidates are
under investigation in the pre-clinical stage. Currently, 11
vaccines are in the final stages of phase studies.® In China
and Russia, some vaccines had received limited approval
for use before the phase 3 trial results. The WHO is
actively involved in the progress of vaccine discovery and
development. Thefirst preliminary data about effectiveness
from phase 3 trials came in November 2020. Firstly, Pfizer
and BioNTech announced that their coronavirus vaccine
is 95% effective on the 9th of November. A week later,
Moderna, another company that works with the National
Institutes of Health in the US, announced that their vaccine
is 94.5% effective. On the 20™ of November, a request for
an emergency use authorization to FDA was submitted by
Pfizer.% The Moderna’s and Pfizer’'s vaccines are based
on messenger RNA (mRNA) technology.

Meanwhile, many other phase 3 clinical trials with
different vaccines are ongoing. The two vaccines from
the Johnson & Johnson/Beth Israel Deaconess Medical
Center collaboration and the AstraZeneca/University of
Oxford collaboration are both viral vector vaccines. Phase
3 studies of both are ongoing. At the time of this review,
AstraZeneca was the last company to share its phase 3
trial results. On the 23 of November, AstraZeneca and
Oxford announced that their vaccine has an average
70% efficacy.®* Johnson & Johnson phase 3 trial
results have not been announced yet.”®® From China,
CanSino Biologics’s vaccine is a viral vector vaccine
while Sinovac Biotech’s and Sinopharm’s vaccines are
inactivated vaccines. All these three vaccines are in the
phase 3 stage and received approval for limited use in
China. Gamaleya Research Institute and Vector Institute
developed two different vaccines that received approval
before a phase 3 trial from Russia. The results of phase
3 trials of the Russian vaccines are pending.5®%* In early



Journal of Pediatric Academy

81

2021, at least one vaccine is expected to be available
for use in Europe and the US. Because of the benign
nature of the disease and limited resources, the use
of a COVID-19 vaccine in healthy children will remain
controversial. With the results of future phase studies in
children, the need for vaccination can be determined by
clinical evaluation on a case-by-case basis.

Multisystem inflammatory syndrome in children
(MIS-C)

MIS-C is an emerging phenotype of illness that is
consistent with inflammation and organ dysfunction
in the absence of another apparent cause. This
phenomenon is a rare complication of COVID-19 in
children; however, the presentation can overlap with
acute COVID-19 iliness or be a delayed response up
to six weeks." In the study from the New York State,
the estimated incidence of MIS-C was 2 per 100,000,
but the incidence of MIS-C is not known exactly yet.®
While this syndrome is named as MIS-C by the National
Institutes of Health in the US, and it has also been
named in different institutions as pediatric inflammatory,
multisystem syndrome temporally associated with
SARS-CoV-2 (PIMS-TS).” Children usually present
with persistent fever, but the presentation of MIS-C
is varied. Skin and mucous membrane changes like
a polymorphic rash, non-purulent conjunctivitis, and
cracked lips (Figure 2), hand and foot swelling, and
gastrointestinal disturbance are the other common
findings.®” Abdominal pain is present in over 50% of
children. Children can be presented acutely unwell with
vasodilatory shock features or features consistent with
complete or incomplete Kawasaki Disease (KD). In
contrast, others may have more non-specific features.%
MIS-C is thought to be a post-infectious phenomenon
triggered by an abnormal immune response after
the acute infection. Laboratory findings in these
children are characterized by lymphopenia, anemia,
thrombocytopenia, and elevated inflammatory markers.
The inflammatory markers studied mainly in MIS-C are
CRP, procalcitonin, B-type natriuretic peptide (BNP),
erythrocyte sedimentation rate, ferritin, fibrinogen,
D-dimer, interleukin-6, and interleukin-8. Increased
levels of CRP, BNP, troponin were reported in most

of the studies.®® Echocardiography can demonstrate
decreased left ventricular ejection fraction, myocarditis,
pericardial effusion, and a coronary artery abnormality,
including dilation or aneurysm. The rates of cardiac
involvement differ from 25% to 70% in studies.®568¢° The
diagnosis relies on the CDC or WHO case definition
criteria (Table 1).587°

Management of MIS-C should involve a multidisciplinary
care team with pediatric infectious diseases, intensive
care, pediatric cardiology, and rheumatology specialists.
American College of Rheumatology has published clinical
guidance for diagnostic and therapeutic management for
MIS-C recently.”" Treatment involves supportive care,
management of shock and left ventricular dysfunction, and
other critical care support.”8 Intravenous immunoglobulin
(IVIG) and glucocorticoids are the main backbones of
the therapy in MIS-C. If the inflammation persists despite
IVIG and glucocorticoid therapy, other drugs that could
be a choice include anakinra, tocilizumab, and infliximab,
used to manage other cytokine release syndromes.” 572
Anakinra targets IL-1R, and it has been widely used in
many other inflammatory conditions like rheumatoid
arthritis, juvenile idiopathic arthritis. Tocilizumab, another
immunomodulator, targets IL-6, and it has been mainly
studied in adults to date. Anakinra has some advantages
from tocilizumab. Anakinra has a short half-life, whereas
tocilizumab has a one-month half-life, so anakinra can
be discontinued rapidly if it is not effective or has side
effects. We have experience with anakinra’s effects
on children. However, pediatricians do not have much
experience with tocilizumab in the setting of severe
infections. Antibiotics should be given for suspected
or confirmed concurrent bacterial infection. Due to the
post-infectious nature of the disease and the negative
PCR tests for SARS-CoV-2 in most cases, it is thought
that remdesivir would not be effective in treatment.?” In
children who meet KD’s criteria, IVIG and aspirin should
be started as the standard KD therapy.®® Because of the
risk of coronary artery aneurysms, echocardiographic
follow-up is essential in all MIS-C patients.® Duration of
hospitalization ranged from 4 to 13 days, and favorable
outcomes are reported with a mortality rate between
1.4-1.7%.%°

Figure 2. Examples of mucocutaneous manifestations of MIS-C. A child with an erythematous polymorphic rash on the back (A) and her face with

cracked lips (B). Characteristic non-purulent conjunctivitis in another child (C).
Written consent form obtained from the patient and parents for the photos.
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Table 1.
CDC and WHO case definitions of multisystem inflammatory syndrome in children

CDC case definition

WHO case definition

All 4 criteria must be met:

1. Age <21 years

2. Clinical presentation consistent with MIS-C, including all of the following:

> Fever:
¢ Documented fever >38.0°C (100.4°F) for 224 hours
or
+ Report of subjective fever lasting 224 hours
» Laboratory evidence of inflammation
¢ Including, but not limited to, any of the following:
» Elevated CRP
» Elevated ESR
» Elevated fibrinogen
« Elevated procalcitonin
» Elevated D-dimer
 Elevated ferritin
» Elevated LDH
» Elevated IL-6 level
* Neutrophilia
* Lymphocytopenia
* Hypoalbuminemia
» Multisystem involvement
4 2 or more organ systems involved:
» Cardiovascular (eg, shock, elevated troponin, elevated BNP,
abnormal echocardiogram, arrhythmia)
» Respiratory (eg, pneumonia, ARDS, pulmonary embolism)
» Renal (eg, AKI, renal failure)
» Neurologic (eg, seizure, stroke, aseptic meningitis)
» Hematologic (eg, coagulopathy)

» Gastrointestinal (eg, abdominal pain, vomiting, diarrhea, elevated

liver enzymes, ileus, gastrointestinal bleeding)
» Dermatologic (eg, erythroderma, mucositis, other rash)
» Severe illness requiring hospitalization

3. No alternative plausible diagnoses

4. Recent or current SARS-CoV-2 infection or exposure
» Any of the following:
» Positive SARS-CoV-2 RT-PCR
» Positive serology
» Positive antigen test

» COVID-19 exposure within the 4 weeks prior to the onset of symptoms

All 6 criteria must be met:
1. Age 0 to 19 years

2. Fever for 23 days

3. Clinical signs of multisystem involvement
(at least 2 of the following):
» Rash, bilateral nonpurulent conjunctivitis, or mucocutaneous
inflammation signs (oral, hands, or feet)
» Hypotension or shock
» Cardiac dysfunction, pericarditis, valvulitis, or coronary
abnormalities (including echocardiographic findings or
elevated troponin/BNP)
» Evidence of coagulopathy (prolonged PT or PTT; elevated
D-dimer)
» Acute gastrointestinal symptoms (diarrhea, vomiting, or
abdominal pain)

4. Elevated markers of inflammation
(eg, ESR, CRP, or procalcitonin)

5. No other obvious microbial cause of inflammation, including
bacterial sepsis and staphylococcal/streptococcal toxic shock
syndromes

6. Evidence of SARS-CoV-2 infection
» Any of the following:
+ Positive SARS-CoV-2 RT-PCR
» Positive serology
» Positive antigen test
» Contact with an individual with COVID-19

CDC: Centers for Disease Control and Prevention; WHO: World Health Organization; MIS-C: multisystem inflammatory syndrome in children; CRP: C-reactive protein; ESR: erythrocyte
sedimentation rate; LDH: lactate dehydrogenase; IL-6: interleukin-6; BNP: brain natriuretic peptide; ARDS: acute respiratory distress syndrome; AKI: acute kidney injury; SARS-CoV-2: severe
acute respiratory syndrome coronavirus 2; RT-PCR: real-time polymerase chain reaction; COVID-19: coronavirus disease 2019; PT: prothrombin time; PTT: partial prothrombin time.

Impact of COVID-19 on child health

In many places, especially in low-and middle-income
countries (LMICs), the impact of COVID-19 on children
will be more significant than the impact of the virus
itself. Many major causes of poor health and mortality in
children are expected to increase due to the pandemic
and the response.” The economic impact of enforced
lockdown and social distancing can increase violence
and addictive behaviors (e.g., alcohol, junk food,
and other substances). Since the beginning of the
COVID-19 pandemic, violence against women and girls
has increased in different countries."-’* The spread and
severity of COVID-19 are also expected to be further
exacerbated in LMICs because of the inadequate
sanitation facilities, crowded living conditions, and
difficult access to healthcare. Healthcare services are
now severely compromised due to closures, lack of
personal protective equipment, and fear of attending
health facilities.

During the pandemic, well-child care visits should not
be deferred because of COVID-19 disease; growth and
development of infants should be followed up regularly
according to the local guidelines. Telemedicine can
be an option during the lockdowns and in high-risk
situations. All childhood vaccines should be given in
accordance with the recommendations of the WHO or
the Ministry of Health. Due to COVID-19 measures,
approximately 80 million children under the age of 1
in at least 68 countries may miss receiving life-saving
vaccines.”® Vaccination activities have been delayed
or suspended in at least 27 countries to prevent the
spread of COVID-19, despite several having ongoing
measles epidemics.” Childhood malaria deaths are also
predicted to double this year due to the downscaling of
prevention and treatment.”® The World Food Programme
predicts a doubling of malnutrition, disproportionately
affecting children.”” In a modeling study, Roberton T et
al.”® showed that if routine health care is disrupted and
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access to food is decreased over six months, it would
result in nearly 1 million excess child deaths in 118 low-
income and middle-income countries.

Children’s teaching in schools were in crisis in many
countries, and the pandemic has sharpened inequities,
especially in poorer countries. Many schools lack the
resources to invest in digital learning, and many children
from poorer households do not have internet access.
Unicef reported that at least 463 million—or 31 percent—
of schoolchildren worldwide could not be reached by
digital and broadcast remote learning programs.”
We know from the history that school closures have
secondary effects on increasing in child marriage and
child labor. These often prevent children from continuing
their education and effects negatively on their health
status. We can see the secondary effects of COVID-19
for years, and the wounds of the pandemic in children
may take much longer to heal.

Conclusion

In summary, children at any age may be infected with
SARS-CoV-2, with reduced frequency and severity
compared with adults. Infected children are mainly
asymptomatic or develop only mild symptoms.
Most children with COVID-19 can be managed
symptomatically without hospitalization. The treatment
of severe disease is essentially supportive. We still
need evidence-based diagnostic and treatment
guidelines for children. On the other hand, the recently
identified MIS-C may pose an additional threat. The
treatment of this rare phenomenon involves the use of
immunomodulators, as well as supportive care. 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. COVID-19 is a new disease, and the pandemic
continues to evolve. The mid- and long-term effects of
this pandemic on child health need to be evaluated by
medical and social aspects. Further studies will help to
understand the complete picture of the COVID-19 in the
pediatric population.
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