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Abstract

The coronavirus disease 2019 (COVID-19) pandemic caused by severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) has rapidly spread across the globe, caus-
ing innumerable deaths and a massive economic catastrophe. Exposure to household
members with confirmed COVID-19 is the most common source of infection among
children. Children are just as likely as adults to get infected with SARS-CoV-2. Most
children are asymptomatic and when symptoms occur, they are usually mild. Infants
<12 months old are at a higher risk for severe or critical disease. COVID-19 is diag-
nosed the same way in pediatric population as adults by testing specimen obtained
from upper respiratory tract for nucleic acid amplification test (NAAT) using reverse
transcriptase viral polymerase chain reaction (RT-PCR). The common laboratory find-
ings in hospitalized patient include leukopenia, lymphopenia, and increased levels
of inflammatory markers. Chest X-ray findings are variable and computed tomogra-
phy scans of the chest may show ground glass opacities similar to adults or non-
specific findings. Prevention is the primary intervention strategy. Recently the U.S.
Food and Drug Administration (FDA) has provided emergency authorization of the
Pfizer-BioNTech COVID-19 vaccine and many other vaccine candidates are in the
investigational stage. There is limited data in children on the use of antivirals, hydrox-
ychloroquine, azithromycin, monoclonal antibody, and convalescent plasma. Oxygen
therapy is required in hypoxic children (saturation <92%). Similar to adults, other mea-
sures to maintain oxygenation such as high flow nasal cannula, CPAP, or ventilatory
support may be needed. Ventilatory management strategies should include use of low
tidal volumes (5-6 cc/kg), high positive expiratory pressure, adequate sedation, paral-
ysis, and prone positioning. Recently, a new entity associated with COVID-19 called
multisystem inflammatory syndrome in children (MIS-C) has emerged. Clinical, labora-
tory, and epidemiological criteria are the basis for this diagnosis. Management options
include ICU admission, steroids, intravenous gamma globulin, aspirin, anakinra, and

anticoagulants. Vasoactive-inotropic score (VIS) is used to guide vasopressor support.
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1 | INTRODUCTION AND BACKGROUND

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), now
referred to as coronavirus disease 2019 (COVID-19), has gained world-
wide attention since its first detection in Wuhan, Hubei province,
China, in December 2019. The World Health Organization (WHO)
declared this condition as a global pandemic and has since emerged as
a significant public health emergency with devastating effects on the
global economy.!

For the third time this century, the world faces a new, highly con-
tagious virus strain spread across the globe, causing numerous deaths
and a catastrophic economic impact. The first pandemic of 2002 was
caused by severe acute respiratory syndrome coronavirus (SARS-CoV).
This outbreak originated in Guangdong, China. The mode of trans-
mission was mostly by droplets. Health care professionals were at
an increased risk of contracting this disease.? The second outbreak
occurred in 2012 with the Middle Eastern respiratory syndrome virus
(MERS-CoV), which first appeared in the Middle East around the Ara-
bian Peninsula and spread around the globe. This virus also placed
health care professionals at a higher risk of contracting the disease.
WHO reported that this MERS-CoV virus is still in circulation, having
a case fatality rate of 35% compared to 9.5% for SARS-CoV-2.

The world is currently experiencing the third wave of coronavirus
infection, this time with severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2). This crisis started in December 2019, when
Chinese health officials in Wuhan noticed a cluster of patients with
severe respiratory distress secondary to pneumonia. The infections
were reported to the Chinese Bureau of the World Health Orga-
nization (WHO). On January 7, 2020, a new strain of coronavirus
was isolated from these clusters of patients and named novel coron-
avirus 2019 (2019-nCoV). The virus was tagged with the official name
COVID-19 by the WHO on February 11, 2020. The case fatality rate of
SARS-CoV-2 is reported to be ~2%-3%.3

Children account for 9%-12% of patients diagnosed with COVID-
19 infection.* In general, 90% of children positive for SARS-CoV-2
are “asymptomatic” or have mild-to-moderate symptoms. In a review
of 2572 pediatric cases, only 15 children needed intensive care with
3 reported deaths.> Another study of children admitted to PICUs in
the United States and Canada showed that 18 (38%) of the 48 chil-
dren hospitalized required invasive ventilation with 16 survivals and 2
deaths.® Severe illness may occur in children younger than 1 year of age
and those with other comorbidities or underlying conditions.” The first
confirmed pediatric case of severe acute respiratory syndrome (SARS-
CoV-2) infection was in Shenzhen in January 2020.8 By the end of Jan-
uary 2020, China reported 16 cases originating from an infected family
member.

The clinical presentation and epidemiological characteristics of

SARS-CoV-2 are still relatively unclear, and new data are emerging

every day. In April 2020, there was a high alert about a disease entity
in children related to COVID-19, based on a study in the United King-
dom (UK). The clinical features of this new entity included symptoms of
toxic shock syndrome and incomplete Kawasaki disease. This emerging
syndrome was called pediatric multi-system inflammatory syndrome
(PMIS).? On May 14,2020, the Center for Disease Control and Preven-
tion (CDC) published guidelines and an advisory on the same condition
coining a new name, “multisystem inflammatory syndrome in children”
(MIS-C). The objective of this review is to offer clinicians a comprehen-
sive overview of the currently available information about this condi-
tion. We hope to provide the readers, especially emergency physicians,
with a comprehensive and concise review of the literature that can aid
in early recognition and appropriate initial stabilization and manage-
ment of children affected by COVID-19.

2 | METHODS

We conducted a search in PubMed, Medline, and Cochrane database
for research articles published on COVID-19 from December 2019 to
December 2020 using the search term COVID-19, Pediatrics, SARS-
CoV-2, Epidemiology, Guidelines. We focused on original research,
case reports, case series, and treatment guidelines by authoritative
health institutions. All records were retrieved, including original arti-
cles, letters to editor, editorials, and case reports, in English and records
with English translation were downloaded and reviewed. Preprints, in-
press articles, and accepted-for-publication studies were also evalu-

ated, given the current scarcity of evidence.

2.1 | Virology

Coronaviruses are zoonotic viruses that can cause disease in both
mammals and birds. The structure of COVID-19 is a single-stranded
positive-sense RNA (+ssRNA) (~30kb) with a 5’-cap structure and
3’poly-A tail with a crown-like shape because of the presence
of glycoproteins on the surface. These belong to the subfamily
of Coronaviridae and order Nidovirales. The 4 genera described
are: alpha coronavirus (alphaCoV), «, beta coronavirus (betaCoV),
B, gamma coronavirus (deltaCoV), y, and delta coronavirus (gamma
CoV), 8.

Alpha coronavirus includes species that can cause human illness
(human coronavirus 229E and human coronavirus NL63). Beta coron-
avirus has 4 lineages, subgroups A, B, C, and D. The subgroup A includes
beta coronavirus 1 (human coronavirus OC43 and human coronavirus
HKU1). Subgroup B comprises severe acute respiratory syndrome-
related coronavirus (SARS-CoV, SARS-CoV-2). Subgroup Cincludes the
Middle East respiratory syndrome-related coronavirus (MERS)-CoV.



ADEYINKAET AL.

The most common human coronaviruses are HCoV-OC43, HCoV-
HKU1 HCoV-229E, and HCoV-NL63. They are responsible for causing
upper respiratory infections. The SARS-CoV-2 is shaped round or ellip-
tic, often pleomorphic, with a diameter of ~60-140 nm. SARS-CoV-2
receptor binding gene region is similar to that found in SAR CoV that
uses the angiotensin-converting enzyme 2 (ACE2) receptor to pene-
trate and enter the cell.!°

SARS-CoV-2 is sensitive to the action of ultraviolet rays and heat. It
can also be rendered inactive by ethanol, lipid solvents, including ether
(75%), peroxyacetic acid chlorine-containing disinfectant, and chloro-

form (except for chlorhexidine).

2.2 | Pathophysiology
SARS-CoV-2 infection consists of 2 phases: infection and host cell

response.

2.2.1 | Infection of host cell

The life cycle of the virus begins with the infection of the host cell,
divided into 5 phases: attachment, penetration, biosynthesis, matura-
tion, and release.

The SARS-CoV-2 has four structural proteins: spike (S), membrane
(M), envelope (E), and nucleocapsid (N). This is depicted in Figures 1
and 2.11.12

The virus binds to a receptor on the surface of the host cell (attach-
ment) and enters the cell via endocytosis or fusion to the membrane
(penetration). Once inside the cell, the virus enters the host cell nucleus
via viral mRNA. The viral mRNA is used to make viral protein (biosyn-
thesis). The newly produced viral particles are then released (mat-
uration and release).’? Transmembrane trimetric glycoprotein make
up the spike projecting from the viral surface, thus determining the
diversity of coronaviruses and host tropism. In the spike, there are
2 functional subunits: the S1 subunit controls the binding to the
host cell receptor, and the S2 subunit is for the fusion with cellular
membranes.!3

Angiotensin-converting enzyme 2 (ACE2) is the functional receptor
for SARS-CoV. Based on structural and functional analysis, SARS-CoV-
2 binds to ACE2 receptors.

Once the SARS-CoV-2 binds to the ACE2 receptors, the spike pro-
tein undergoes protease cleavage. The cleavage occurs in a 2-step pro-
cess. After the initial cleavage at the S1/S2 cleavage site,S1and S2 sub-
units remain non-covalently bound, and the distal S1 subunit plays a
part in the stabilization of the membrane-anchored S2 subunit at the
prefusion state.

The expression of angiotensin-converting enzyme 2 (ACE2) is very
high in the following organs like lungs, heart, ileum, kidney, and
bladder.'*

SARS-CoV-2 has a furin cleavage site (“‘RPPA” sequence) at the
S1/S2 site. Even though the S1/S2 site is exposed to cleavage by

other proteases such as transmembrane protease serine 2 (TMPRSS2)
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and cathepsin L, the ubiquitous expression of furin may explain the
pathogenicity of SARS-CoV-2.1°

2.2.2 | Host response

Viral particles typically penetrate the epithelial cells of the alveolar
space via the apical side and destroy them. The macrophages, epithelial,
alveolar, and dendritic cells mediate the innate immune response. T cell
responses to SARS-CoV-2 begin by antigen presentation via dendritic
cells and macrophages. The virus-infected apoptotic epithelial cells can
be phagocytized by dendritic cells and macrophages, followed by anti-
gen presentation to the T cells.2® Typically, patients with severe dis-
eases demonstrate lymphopenia.

There is an increase in plasma concentrations of proinflammatory
cytokines, including interleukin 6 and 10 (IL-6, IL-10), granulocyte-
colony stimulating factor (G-CSF), monocyte chemoattractant pro-
tein 1 (MCP1), macrophage inflammatory protein (MIP)1a, and tumor
necrosis factor a (TNFa) 33. The infected lung epithelial cells generate
IL-8 in addition to IL-6. IL-8 is a chemoattractant for neutrophils and T
cells. The attracted neutrophils then induce the lung injury associated
with the infection.

3 | DIFFERENCES BETWEEN ADULT
AND PEDIATRIC INFECTION

Children have milder symptoms of COVID-19 infection and are
often asymptomatic compared to adults. Several proposed hypothe-
ses explain this difference. The first hypothesis suggests that the
expression level of ACE2 may differ between adults and children.
One study showed that ACE2 receptors abundantly expressed on
well-differentiated ciliated epithelial cells.2” ACE2 expression on the
epithelium of the alveolar cells may be lower in the pediatric popula-
tion. The second hypothesis proposes that pediatric patients have a
qualitatively different response to the SARS-CoV-2 virus relative to
adults. By the processes of aging, continuous antigen stimulation and
thymic involution will eventually lead to shifts in T cell subset distribu-
tion from naive T cells to central memory T cells, effector T cells, and
effector memory T cells.2® The third hypothesis rests on the premise
that the simultaneous presence of other viruses in the epithelial lining
of the lungs and airways in young children causes the SARS-CoV-2 virus
to compete with them limiting its growth and proliferation.1®

One or a combination of these mechanisms may explain why
SARS-CoV-2 has less severity in the pediatric population. A better
understanding of these mechanisms may aid in developing appropriate

therapy.

4 | EPIDEMIOLOGY

The case definition for pediatric COVID-19 has been variable in the
literature. The Chinese Centers for Disease Control and Prevention
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reported that only 2% of the 72,314 reported cases occurred in chil-
dren that were less than 19 years of age.l” More recent data in the
United States shows that children account for 9%-12% of patients
diagnosed with COVID-19 infection (in general, 90% of children posi-
tive for SARS-CoV-2 are asymptomatic or have mild to moderate symp-
toms). 2° By mid-November 2020, the number of pediatric COVID-19
cases surpassed the 1 million mark.2! It appears that COVID-19 occurs
more often among the 12- to 17-year age group compared to the 5- to
11-year age group in the United States.??

In a multicenter study of 48 children admitted with COVID-19 to
PICUs in Canada and the United States, 40 patients (83%) had preexist-
ing comorbidities and most (35; 73%) presented with respiratory symp-
toms. Eleven patients (38%) had a failure of 2 or more organs, and 1
patient (2%) required ECMO.® Garg et al described their experience
using data derived from the COVID-NET registry. Between March 1
and July 25,2020, 576 pediatric COVID-19 cases were reported.2 The
COVID-19-associated hospitalization rate among children (<18 years)
was 8.0 per 100,000 populations; most were in the <2 years age group
(24.8 per 100,000) and belonged to the Hispanic/Latino or black eth-
nic groups (16.4 and 10.5 per 100,000, respectively). The hospitaliza-
tion rate for white children was 2.1/100,000. Among the hospitalized
children, 33.2% (69/207) were admitted to an ICU, with 5.8% (12/207)
requiring mechanical ventilation. There was 1 reported death in this
study.*

As of July 29, 2020, 570 cases were reported to the CDC that
met the case definition of MIS-C. Clinical course consistent with pre-
vious MIS-C reports occurred in 203 patients, characterized pre-
dominantly by shock, cardiac dysfunction, abdominal pain, markedly
elevated inflammatory markers, and positive SARS-CoV-2 test. The
remaining 367 patients had manifestations that appeared to overlap
with acute COVID-19 infection or had features of Kawasaki disease.
Most patients required (n = 364 patients, 63.9%) care in an ICU, and
10 patients (1.8%) died.?* A review of a small case series of 9 moth-
ers infected with SARS-CoV-2 showed no evidence of mother-to-infant
vertical transmission of SARS-CoV-2 and no evidence of transmission
through breast milk. Pregnant women and newborns infected with
SARS-CoV-2 are at increased risk of developing severe pneumonia.?
Of the countries with the highest disease burden, the percentage of
pediatric cases is reported here: United States, 2% of confirmed cases
of COVID-19 were among persons <18 years of age”; China, 2.2% of
confirmed cases of COVID-19 were among persons <19 years of age?%;
Italy, 1.2% of COVID-19 cases were among children <18 years of age;?”
and Spain, 0.8% of confirmed cases of COVID-19 were among persons

<18 years of age.28

5 | MODE OF TRANSMISSION

SARS-CoV-2 mode of transmission in children is similar to those
of adults. Transmission between humans is mostly via respiratory
droplets through aerosolized viral particles. Close contact or proxim-
ity can also be a source of transmission of SARS-CoV-2 via direct or

indirect contact with mucous membranes in the eyes, mouth, or nose.

TABLE 1 Clinical course of COVID 19 in children

Signs and symptoms Percentage
Asymptomatic  Absence of signs or symptoms; 4
normal chest imaging
Mild Mild symptoms; fever, cough, 51
myalgia, fatigue
Moderate Pneumonia with symptoms or 39
subclinical disease with abnormal
chest imaging
Severe Dyspnea; hypoxia; central cyanosis 5
Critical Acute respiratory distress 0.6

syndrome; respiratory failure;
shock, multi-organ dysfunction

Most children are thought to be exposed to the virus from an adult
at home.2? Currently, no evidence exists of vertical transmission from
mother to child.%? Although children can transmit the virus to others,
the transmission rate is unclear with younger children less likely to
transmit compared to children >10 years old.3?

6 | CLINICAL MANIFESTATIONS

The incubation period is 2-14 days with a median of 6 days after
exposure, similar to that in adults.32 A large proportion of children
with COVID-19 are asymptomatic. When symptomatic, manifesta-
tions include fever, nasal congestion/rhinorrhea, dyspnea, loss of sense
of smell and taste, cough, sore throat, diarrhea, nausea/vomiting,
fatigue, headache, myalgia, and poor feeding/poor appetite.33 Unlike
adults, children with COVID-19 may not always present with fever and
cough.3* In one pediatric case report, the only presenting symptom was
diarrhea.®® In another case series of 9 hospitalized infants in China with
confirmed COVID-19, only 50% of them presented with fever.3¢

7 | CLINICAL COURSE AND COMPLICATIONS

The clinical course of SARS-CoV-2 based on >2000 cases in chil-
dren described in China is shown in Table 1.

Infants account for 1.2% of the US population, but make up ~15%
of pediatric COVID-19 cases and 0.3% of all COVID-19 patients.3’ In
comparison to adults, fewer children with COVID-19 require hospital-
ization (6%-20%), and few (0.6%-2%) require ICU admission. Hospi-
talization is common among children <1 year of age and those with
underlying conditions such as cardiovascular disease, chronic lung dis-
ease, asthma, and immunosuppression.> Of the 149,760 laboratory-
confirmed COVID-19 cases in the United States occurring between
February 12-April 2, 2020, 3 deaths occurred among children with
laboratory-confirmed SARS-CoV-2 infection. However, the role of
SARS-CoV-2 infection in the cause of these deaths remains unclear.”
Children have fewer complications (shock and acute respiratory dis-

tress syndrome) compared to adults. Current data on suspected and
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confirmed SARS-CoV-2 infection suggests that infants <12 months of
age may be at greater risk of severe or critical disease relative to older
children.38

8 | DIAGNOSIS

The criteria for testing are still evolving. Initially testing was done for
high-risk patients (chronic heart or lung disease, immunocompromised,
severe obesity) with a clinical picture suggestive of COVID-19, for
those presenting with severe illness and ones who had close contact
to a COVID-positive patient. Close contact is defined as a distance
of <6 feet for at least 15 minutes from a person with confirmed or
probable SARS-CoV-2 infection. With increasing availability of testing,
the threshold to testing has been significantly lowered. Additionally,
most children undergoing procedures or needing hospitalization for
any reason are recommended to get tested for COVID-19. Diagnosis
of COVID-19 can be established by using RT-PCR of a nasal swab,
throat swab, saliva, tracheal aspirate, or bronchoalveolar lavage, in
adults. COVID 19 is diagnosed the same way in pediatric population as
adults by testing specimen obtained from upper respiratory tract, for
nucleic acid amplification test (NAAT) using RT- PCR.3? The routine
use of bronchoscopy is discouraged because the aerosolized particles
generated during the procedure can affect health care workers. If the
diagnosis is uncertain and safety precautions have been observed, then
this can be used as an option. For intubated pediatric patients, tracheal
aspirate and non-bronchoscopic bronchoalveolar lavage facilitates the
specimen collection.”® One negative test does not exclude SARS-CoV-
2 infection, especially if the individual is highly exposed or if the test
is performed using a nasopharyngeal swab specimen just at the begin-
ning of the infection. In such instances, it is advisable to repeat the test
or collect a deeper respiratory tract sample.** The RT-PCR presently
is the reference standard. There is no published literature outlining the
sensitivity or specificity among children compared to adults. It isimpor-
tant to remember that a positive test may remain positive for several
weeks.*? According to the CDC, the testing protocol for specimen and
clinical criteria are similar for children and adult patients. However,
there are specific considerations for neonates. All neonates born of
mothers who have tested positive for COVID-19 should undergo
testing for SARS-CoVO02 by PCR within 24 hours of age regardless of
symptomatology. A repeat test is suggested within 48 hours if the first
test is negative. In the case that results are unavailable or the neonate
is to be discharged within 48 hours, a single test suffices to direct
further management. It is not advisable to test neonates too soon after
birth because of the high probability of false negatives in neonates.
The CDC does not recommend the use of serum antigen tests for the

diagnosis or management of acute infection in neonates.*3

9 | LABORATORY ABNORMALITIES

In many asymptomatic or mildly symptomatic children, the labs may

be normal. The most common laboratory abnormalities among hos-
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pitalized patients include leukopenia or leukocytosis, lymphopenia,
elevated levels of alanine aminotransferase, aspartate aminotrans-
ferase, and lactate dehydrogenase. Inflammatory markers like CRP,
ESR, procalcitonin, D-dimer, and ferritin levels may also be increased,
particularly in MIS-C.#44> Elevated troponin in COVID 19 patients
is associated with myocarditis and may be associated with poor

prognosis.*¢

10 | RADIOLOGY
Chest x-ray to detect lung involvement has low sensitivity, and CT chest
should be considered when there is a respiratory compromise. Radio-
logical findings in pediatric patients with COVID-19 are similar to those
of adults, comprising of unilateral or bilateral infiltrates and some show
ground-glass opacities, especially in the lower lobes.*” Sonogram and
CT scan of the chest may show nonspecific findings or ground glass
appearance similar to adults.*®

Some patients have bilateral multi-lobular and subsegmental areas
of atelectasis, and the number of involved lung segments correlates
with disease severity. The opacifications tend to coalesce as the dis-
ease progresses. CT scan alone should not be used for the diagnosis
of COVID-19 as it may not be a valuable screening tool for COVID-
19.4? According to Buda et al, the use of ultrasound is somewhat attrac-
tive because it is non-invasive, portable, and may be performed several
times during the course of illness. The transthoracic lung ultrasound is
generally used to detect pulmonary edema in patients with acute res-
piratory distress syndrome (ARDS) with a sensitivity and specificity of
0.78t0 0.9.°9°1 However, in the COVID-19 pandemic, the use of ultra-
sound for the detection of viral pneumonia has gained significant pop-
ularity and may detect changes earlier than a routine chest X-ray.”?

11 | MEDICAL MANAGEMENT OF COVID-19
INFECTION

Initial assessment should make the determination if the patient has
a mild (not ill, minimal symptoms, no hypoxia), moderate (fever, sig-
nificant myalgia, mild hypoxia >93% without shortness of breath) or
severe illness (dyspnea, ill appearing, hypoxia <92%). Patients with
mild symptoms can be managed at home with supportive care, such
as antipyretics for fever maintenance of adequate hydration, appropri-
ateisolation and education of caregivers regarding emergency warning
signs.>3 Patients with moderate to severe symptoms should be hospi-
talized for specialized care. Most affected children are managed similar
to adults.

Therapies are still evolving, and there is no silver bullet at the
present time. The best strategy at the current time is prevention
through social distancing (6 feet apart), wearing of masks, and strict
hand hygiene.2’ The American Academy of Pediatrics recommends
that children older than 2 years should wear cloth face coverings, espe-
cially when social distancing is not possible.” In the hospital setting,

strict infection control should be practiced including frequent hand
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washing, appropriate donning and doffing of personal protective equip-
ment (PPE) and special precautions during high risk (eg, aerosoliz-
ing) procedures. Eye protection with goggles or face shields is recom-
mended in the health care settings.”> Early testing and isolation of
those with positive tests combined with contact tracing can further
help reduce the transmission of this virus.

12 | PHARMACOLOGICAL THERAPY

There is currently no evidence to support the use of prophylactic
antibiotics to prevent COVID-19 infection, although this may be con-
sidered for the initial management of patients presenting with shock
for presumed bacterial sepsis.

The RECOVERY trial in United Kingdom showed reduced mortal-
ity at 28 days for COVID-19-affected hospitalized adult patients who
were on supplemental oxygen or on mechanical ventilation. In patients
hospitalized with COVID-19, the administration of dexamethasone
resulted in lower 28-day mortality among those who were receiv-
ing either invasive mechanical ventilation or oxygen alone at random-
ization but not among those receiving no respiratory support.”® At
present, no conclusive evidence exists about the use of steroids in chil-
dren, although there may be benefit in patients that require mechani-
cal ventilation.>” Previous experience with the use of steroids to treat
SARS-CoV and MERS-CoV showed increased mortality, higher sec-
ondary infections, and occurrence of complications such as psychosis,
hyperglycemia, delayed viral clearance, and enhanced risk of mutation
of the pathogen.>® If steroids are used, it is prudent to use at mini-
mal effective doses for the shortest time.>® The use of anticoagulation
therapy is recommended in patients with early-stage COVID-19, espe-
cially when the D-dimer value is 4 times higher. The presence of inflam-
mation and other disease-related factors can cause overactivation of
coagulation, thereby increasing the risk of ischemic events and dissem-
inated intravascular coagulation (DIC).>?

13 | ANTIVIRAL DRUGS

The use of antiviral drugs in the treatment of COVID-19 follows the
experience with SARS-CoV and MERS-CoV. There is limited data on
the use of antiviral drugs in children. Remdesivir has recently received
emergency FDA authorization for use in hospitalized adults and pedi-
atric patients <12 years. It also received emergency use authoriza-
tion for hospitalized pediatric patients weighing 3.5 to <40 kg or
<12 years of age and weighing >3.5 kg for compassionate use.®° The
COVID-19 Treatment Guidelines Panel recommends the use of remde-
sivir to treat hospitalized patients with SpO, <94% on ambient air or
those who require supplemental oxygen. The panel recommends a 5-
day course for non-intubated patients. Data are insufficient, but for
patients on mechanical ventilation or ECMO, experts recommend a
10-day course.®! Another investigational drug, lopinavir/ritonavir, an
antiretroviral drug combination that inhibits protease, has shown some
efficacy in its ability to reduce the viral load in COVID-19 patients.?

The NIH treatment guideline panel has recommended against the
use of this drug. Other drugs not recommended by the panel include
chloroquine and hydrochloroquine with or without azithromycin, iver-
mectin, and other HIV protease inhibitors.

14 | MONOCLONAL ANTIBODIES

On November 21, 2020, the FDA issued emergency use authorization
for monoclonal antibodies, casirivimab and imdevimab, to be admin-
istered together, for the treatment of mild to moderate COVID-19 in
adults and children <12 years and weighing at least 40 kg, who are at

high risk for progressing to severe COVID-19 disease.t36%

14.1 | Passive immunotherapy
The use of passive immunotherapy is another option.

Convalescent plasma has shown potential benefits in adults with
SARS-CoV-2 but has theoretical risks. The mechanism of action of con-
valescent plasma is via neutralizing antibodies binding to the virus, ren-
dering it inert.%> The initial series of convalescent plasma administra-
tionin adults with COVID-19 showed potential benefits without appar-
ent side effects.

In a recent case report, 4 pediatric patients with SARS-CoV-2 and
acute respiratory distress syndrome were given convalescent plasma.
The administration of convalescent plasma was not associated with
antibody-dependent enhancement (ADE) and did not dampen the
endogenous antibody response.®”

15 | RESPIRATORY SUPPORT

Oxygen therapy is beneficial for patients with hypoxia to keep oxy-
gen saturation above 94%. It is recommended to avoid the use of a
nasal mask or face mask as the risk of dissemination of aerosolized
particles is very high. Oxygen therapy should be administered using
a close circuit system. High-flow by nasal cannula, a face mask, or
non-invasive ventilation (preferably using a continuous positive air-
way pressure helmet or full-face interface) or bilevel positive airway
pressure machine is recommended. Endotracheal intubation should
not be delayed if patients develop acute lung injury or ARDS. The rec-
ommendation is to use low tidal volume to prevent volutrauma and
barotrauma and high PEEP for alveolar recruitment. Intubated patients
should be sedated and paralyzed. Prone positioning is an option for
patients with minimal improvement in oxygenation.®® Extracorporeal
membrane oxygenation could be an option if mechanical ventilation
fails to resolve hypoxemia.®?

The WHO published guidelines on the management of pediatric
and adult patients with COVID-19.7° The Surviving Sepsis Campaign
has also published guidelines on the management of septic shock and
sepsis-associated organ dysfunction in children with COVID-19 infec-

tion. The publication is titled “Surviving Sepsis Campaign International
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Guidelines for the Management of Septic Shock and Sepsis-Associated
Organ Dysfunction in Children.””! Vaccine against COVID-19 has been
developed by several pharmaceutical companies and implementation
of vaccination in adults will start shortly.”2

16 | MIS-C ASSOCIATED WITH COVID-19
The CDC case definition for MIS-C includes the following: an individual
under 21 years presenting with fever, laboratory evidence of inflam-
mation and evidence of clinically severe illness requiring hospitaliza-
tion with multisystem (>2) organ involvement (cardiac, renal, respi-
ratory, hematologic, gastrointestinal, dermatologic, or neurologic) and
no plausible alternative diagnoses; and positive testing for current
or recent SARS-CoV-2 infection by a RT-PCR, serology, or antigen
test, or COVID-19 exposure within the 4 weeks before the onset of
symptoms.

The fever should be at least 38°C, or it can be subjective, lasting for
at least 24 hours. The evidence of inflammation includes elevated C-
reactive protein (CRP), erythrocyte sedimentation rate (ESR), fibrino-
gen, procalcitonin, d-dimer, ferritin, lactic acid dehydrogenase (LDH),
or interleukin 6 (IL-6), elevated neutrophils, reduced lymphocytes, and

low albumin.”®

17 | DIAGNOSIS OF MIS-C

To establish the diagnosis of MIS-C, the following tests are recom-
mended: SARS-CoV-2 RT-PCR nasopharyngeal swab, COVID ELISA
serology testing, blood culture if sepsis suspected, and respiratory
pathogen PCR panel if available.

Other tests in the workup include a CBC with differential, compre-
hensive metabolic panel, liver function test, blood gas analysis with
lactate, C-reactive protein, erythrocyte sedimentation rate, serum fer-
ritin, procalcitonin, LDH levels, PT/PTT, fibrinogen, D-dimers, proBNP,
troponin, CPK, and triglycerides. Other tests to consider include IL-6,
ANA, C3, C4, von Willebrand antigen, cytokine panel, and CXCL9. Uri-
nalysis is also included with microscopy, urine creatinine, and protein.
Rheumatology workup is indicated If ANA is elevated >1:640. Other
investigations include anti-dsDNA, anti-extractable nuclear antigen
(smith, rnp, ssa, ssb), ANCA, lupus anticoagulant, anti-82-glycoprotein,
anti-cardiolipin, ASO, and anti-DNAse. If there is unprovoked throm-
bosis, lupus anticoagulant, anti-f2-glycoprotein, and anti-cardiolipin
level should be obtained for evaluation. A chest X-ray with EKG and
transthoracic echocardiogram focused on cardiac function and coro-
nary arteries should also be performed.

18 | MIS-C CLASSIFICATION OF DISEASE
SEVERITY

Pediatric patients are broadly classified into 3 groups based on dis-
ease severity. Mild disease presents with no requirement for vasoac-

RNA viral genome «————Spike

Nucleocapsid

J\ Membrane
Envelope —/

FIGURE 1 COVID-19 viral structure. Diagram of the structure of
the COVID-19 virus.'! Adapted from structure and genome of
SARS-CoV-2 (COVID-19) with diagram

tive support, minimal to no respiratory support, and minimal organ
injury. The moderate category counts a vasoactive-inotropic score
(VIS) <10, significant supplemental oxygen requirement, mild or iso-
lated organ injury. Severely ill patients have a VIS >10, non-invasive or
invasive ventilatory support, moderate or severe organ injury, includ-
ing moderate to severe ventricular dysfunction. The VIS was derived
from the previously described inotropic score which quantifies the
amount of cardiovascular support required by pediatric patients post-
operatively and includes dopamine, dobutamine, epinephrine, milri-
none, vasopressin, and norepinephrine. The VIS is calculated using the
formula: dopamine dose (ug/kg/min) + dobutamine (ug/kg/min) + 100
X epinephrine dose (ug/kg/min + 100 x norepinephrine dose + 10 x
milrinone (ug/kg/min).”*

19 | MEDICAL MANAGEMENT OF MIS-C

For MIS-C, there is currently no standardized treatment regimen and
supportive treatment is the main strategy. Several treatment strate-
gies have been used by various centers that include intravenous
immunoglobulins, various immune modulators, steroids, aspirin, and
anticoagulant therapies, but clinical evidence of benefit is yet to
be established. The role for antiviral therapy also remains unclear.
The American Academy of Pediatrics recommends a multidisciplinary
approach involving available pediatric subsists such as intensivists,
hospitalists, cardiologists, rheumatologists, and hematologists and
immunologists.”> Patients with MIS-C and abnormal BNP or troponin
levels should have a thorough evaluation of cardiac function with
frequent EKGs, echocardiograms, and in some cases, cardiac MRI to
closely monitor cardiac function until normalization of function. For
patients with cardiac involvement, immunomodulatory therapy should
be initiated with intravenous gamma globulin (2 g/kg) and steroids.”®
For all patients with MIS-C, broad-spectrum antibiotics, anticoagula-
tion therapy, and low dose aspirin should be initiated. Glucocorticoids
at the dose of 1-2 mg/kg are initiated and for non-responders, high
dose pulse steroid at 10-30 mg/kg should be considered, especially
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for those requiring inotropic support. For patients refractory to steroid
and IVIG therapy, anakinra (IL-1 receptor antagonist) at 2-10 mg/kg
should be considered.

Presently, tocilizumab is not recommended for most pediatric
patients with no response to the steroid. It is recommended to con-
sider low dose aspirin (3-5 mg/kg) until the normalization of platelet
count. For patients with coagulation abnormalities with elevated d-
dimer levels, anticoagulation should be considered with the use of
enoxaparin.

20 | OTHER PEDIATRIC CONSIDERATIONS

20.1 | Return to sports

Asymptomatic and mild COVID-19-positive children should only be
cleared after passing a screening test by their primary care provider
and allowed to return 10 days after the positive test. Patients with
moderate to severe disease should not exercise until cleared by a
cardiologist. The American Academy of Pediatrics recommends
wearing of cloth face coverings at all times during practice and
sporting activities except for swimming, wrestling, cheerleading, or

gymnastics.”’

20.2 | Return to school

The American Academy of Pediatrics strongly advocates that the goal
should be to have students physically present in school and administra-
tors take all measures to mitigate the risk of COVID-19 spread through
physical distancing, wearing masks, and thorough disinfection.”®

21 | CONCLUSIONS
SAR-CoV2 or COVID-19 is an infectious disease that has quickly
emerged as a global pandemic making an unprecedented and devas-
tating social and economic impact. Affected children do not appear to
have the same degree of severity of illness as seen in adults. MIS-C is
a new entity that is uniquely seen in pediatric patients infected with
COVID-19 and usually requires hospitalization to an intensive care unit
and managed by a multidisciplinary team of specialists. There is a need
for more research to understand the disease in children and develop
optimal therapies and effective vaccines. Vaccines against COVID-19
have been developed by several pharmaceutical companies and imple-
mentation of vaccination in adults will start shortly.

As of December 11, 2020, the U.S. Food and Drug Administration

has issued the first emergency use authorization for a vaccine for the
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prevention of COVID-19 caused by severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) in individuals 16 years of age and older.
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