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Abstract: There are limited data to guide treatment recommendations for chil-
dren with acute, symptomatic coronavirus disease 2019 (COVID-19). This review
outlines a proposed management approach for children based on the published
evidence to date and the approval of medications through drug regulatory agencies,
as well as the known safety profile of the recommended drugs in this age group.
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ore than 2 years into the coronavirus disease 2019 (COVID-

19) pandemic, ongoing waves of infection challenge hospi-
tal resources and public health responses worldwide. Most children
are asymptomatic or have mild symptoms after exposure to severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2) virus,
including with the Delta and Omicron variants.'? Despite the low
risk of severe COVID-19 in children, there has been an increase in
the number of children requiring hospitalization and treatment as
exposure to SARS-CoV-2 becomes near universal.?

To date, few clinical trials of chemotherapeutics for COVID-
19 have included children, and therefore, there are limited data to
guide treatment recommendations in this age group. This review
outlines a proposed management approach for children with
COVID-19 based on evidence from trials in adults, the registration
of these medications through drug regulatory agencies, accessibil-
ity and known safety profiles of the treatments in children. Use of
off-label or unlicensed medications for the treatment of COVID-19
outside of clinical trials requires informed consent from the parent
or guardian, with clear discussion of the risks and benefits.

PROPOSED APPROACH
The proposed approach to the treatment of COVID-19 in chil-
dren is outlined in Figure 1 and divided into 3 categories: (1) sympto-
matic children who are hypoxic with oxygen saturations (SaO,) <92%
inroom air; (2) symptomatic children who are not hypoxic (SaO, = 92%
in room air); and (3) asymptomatic children exposed to SARS-CoV-2.
Infection control and supportive care including thromboprophylaxis
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are also important in the management of children admitted to hospital
because of COVID-19 but are beyond the scope of this treatment algo-
rithm. Similarly, the treatment of pediatric inflammatory multisystem
syndrome temporally associated with SARS-CoV-2 (PIMS-TS) (also
known as multisystem inflammatory system in children) isnotaddressed
in this algorithm. For each recommended treatment, we outline the
mechanism of action, adverse effects, evidence for use in COVID-19,
indications for use and contraindications.

PART 1: SYMPTOMATIC CHILDREN WHO ARE
HYPOXIC BECAUSE OF COVID-19
This section of the algorithm relates to children with
COVID-19 who are hypoxic (Fig. 1).

Dexamethasone

Dexamethasone is a long-acting synthetic glucocorticoid with
anti-inflammatory and immunosuppressive properties. Glucocorticoids
bind to intracellular glucocorticoid receptors to regulate gene transcrip-
tion, ultimately exerting an effect on a broad range of immune responses
including decreased production of proinflammatory cytokines and sup-
pression of neutrophil migration to inflammatory sites.*

The use of systemic corticosteroids compared with stand-
ard of care for adults with moderate-to-severe COVID-19 has been
investigated in at least 11 randomized controlled trials (RCTs), the
results of which have been further evaluated in 2 meta-analyses.>®
The RECOVERY trial of 6425 hospitalized patients (2104 dexa-
methasone vs. 4321 standard care) showed that oral or intravenous
(IV) dexamethasone at a dose of 6 mg once daily for up to 10 days
reduced 28-day mortality across all subgroups receiving respiratory
support [22.9% vs. 25.7%, risk ratio (RR), 0.83; 95% CI, 0.75—
0.93].7 Notably, lower mortality rates with dexamethasone were
also observed in those receiving oxygen without invasive mechani-
cal ventilation (23.3% vs. 26.2%; RR, 0.82; 95% CI, 0.72-0.94).

In a 2020 meta-analysis of 7 RCTs including 1703 critically
ill adults with COVID-19, steroids were found to reduce absolute
mortality [32% (222/678) with steroids versus 41% (425/1025)
with standard care or placebo, odds ratio (OR), 0.66; 95% CI,
0.53-0.82]. In the subgroup analysis, findings were similar for
dexamethasone and hydrocortisone, but a significant benefit was
not demonstrated for methylprednisolone (OR, 0.91, 95% CI, 0.29—
2.87).% Similarly, a more recent meta-analysis found some evidence
of systemic corticosteroids lowering all-cause mortality (RR, 0.89,
95% CI, 0.80-1.0).> The COVID STEROID 2 RCT compared 6
and 12mg of dexamethasone in 982 adults with severe hypoxemia
(requiring >10 L/min oxygen or mechanical ventilation). The num-
ber of days alive without life support at 28 days, mortality at 90
days and serious adverse effects were all similar between the 2
groups.® Children were not included in these trials.

Dexamethasone is licensed for use in children, is widely
accessible and has a well-established safety profile. Based on the
data from trials in adults, we therefore recommend dexametha-
sone should be given to children with hypoxemia, defined as SaO,
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Algorithm for the Management of Children with Symptomatic COVID-19
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FIGURE 1. Algorithm for the management of children with symptomatic COVID-19.

online

oxygen saturation <92% in room air (note this commonly used
pediatric definition differs from most adult trials in which hypox-
emia was defined as <94% in room air®). The recommended dose
is 0.15mg/kg/day (maximum 6 mg) given orally or intravenously
for up to 10 days or until discharge from hospital, based on the
RECOVERY trial.

Dexamethasone was not associated with an increased risk
of serious adverse events in the trials for COVID-19. However,
important potential adverse effects include hyperglycemia, gastri-
tis and gastrointestinal bleeding, behavioral changes, hypertension,
adrenal suppression and risk related to infection (bacterial, fungal
and strongyloidiasis).
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Remdesivir

Remdesivir is a RNA-dependent RNA polymerase inhibitor
with in vitro inhibitory effects on coronaviruses, including SARS-
CoV-2. Trials evaluating remdesivir for the treatment of COVID-19
have reported conflicting findings. The World Health Organiza-
tion (WHO) SOLIDARITY trial found no significant effect of
remdesivir on mortality in patients hospitalized with COVID-19
(no severity classification).” However, a double-blind, randomized
trial [Adaptive COVID-19 Treatment Trial 1 (ACTT-1)] found that,
compared with placebo, remdesivir was associated with a shorter
time to recovery (clinical improvement at day 15; OR, 1.5; 95% CI,
1.2-1.9), but there was no significant reduction in mortality (hazard
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ratio, 0.73; 95% CI, 0.52-1.03).! A meta-analysis of 5 RCTs of
remdesivir for COVID-19 found no significant reduction in mor-
tality (RR 0.93; 95% CI, 0.82-1.06).!"" However, when stratified
by disease severity, a mortality benefit was observed in those with
moderate-to-severe disease who did not require mechanical ventila-
tion (invasive or noninvasive).'?

Remdesivir was the first antiviral approved for the treatment
of COVID-19 in October 2020. The Food and Drug Administra-
tion (FDA) and European Medicines Agency (EMA) have both
approved the use of remdesivir in children =12 years and =40kg
with COVID-19 pneumonia requiring supplemental oxygen. The
FDA has emergency use authorization (EUA) for children weigh-
ing between 3.5 and 40kg who are hospitalized with COVID-19
and who are at an increased risk for progression to severe disease.

In our proposed treatment algorithm, remdesivir is recom-
mended in those with a positive SARS-CoV-2 polymerase chain
reaction (PCR) test within the previous 3—4 days. Although RCTs
have evaluated both 5- and 10-day treatment courses, a 5-day treat-
ment duration is recommended as it is associated with fewer serious
adverse events.!'3 Of note, there is a paucity of data on the efficacy
of remdesivir in immunocompromised patients. The effect of rem-
desivir may be impacted by the timing of administration in relation
to the illness course. In the ACTT-1 trial, clinical improvement was
greater when remdesivir was given early.'” The DisCoVeRy trial
found no benefit of remdesivir in hospitalized adults with hypoxia;
however, the median time to starting treatment was 9 days after
symptom onset.'*

Remdesivir is administered intravenously for 3-5 days
with dosing regimens varying by weight and age (see Table 1). It
is recommended that children <12 years only receive the lyophi-
lized powder formulation. Trials to date have not included adults
with severe liver or renal disease. Remdesivir should not be used
in patients with elevated creatinine or an alanine aminotransferase
(ALT) greater than five times the upper limit of normal (ULN) by
local laboratory measure or an estimated glomerular filtration rate
(eGFR) of <30mL/min. Patients should have baseline liver func-
tions tests, electrolytes, creatinine and full blood examination with
monitoring whilst on therapy. It is recommended that remdesivir be
discontinued if any of the above parameters are met.

Tocilizumab

Tocilizumab is a humanized monoclonal antibody that
interferes with interleukin (IL)-6 receptor binding. IL-6 is a
potent proinflammatory cytokine which activates signal transduc-
tion mediated by Janus (JAK) and other kinases, upregulating the
production of additional proinflammatory mediators, B cell and T
cell differentiation.'” Elevated levels of IL-6 are implicated in the
development of cytokine release syndrome and multiorgan failure
in severe COVID-19."51¢ Tocilizumab inhibits signal transduction
and prevents the subsequent proinflammatory cascade.

Early RCTs of tocilizumab in adults with COVID-19
were underpowered, had variable inclusion criteria and produced
conflicting results.'”?° The largest trial of tocilizumab to date
(RECOVERY) found a reduction in 28-day all-cause mortal-
ity (31% tocilizumab vs. 35% standard care, 95% CI, 0.76-0.95,
P = 0.0028).*' Two key inclusion criteria were used: hypoxia
(Sa0, <92% on room air) and systemic inflammation, defined as
a C-reactive protein (CRP) =75mg/L. Of note, most (82%) par-
ticipants were already receiving steroids, enrollment occurred early
in the hospital admission (median 2, range 1-5 days), and only a
small proportion (14%) were mechanically ventilated. No partici-
pants received remdesivir. The REMAP-CAP trial included adults
recently admitted to the intensive care unit (ICU) (within 24 hours)
requiring respiratory or cardiovascular support and did not include
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a CRP cutoff for enrollment, although the median CRP value was
150 mg/L.* The trial showed improved survival in the IL-6 recep-
tor antagonist group (353 tocilizumab; 48 sarilumab) compared
with control (hazard ratio 1.61 at 90 days; 95% credible interval,
1.25-2.08). In contrast, despite a similar median CRP, the COV-
ACTA trial, which included 294 adults who received tocilizumab
compared with 144 who received placebo, showed no improvement
in clinical status or reduction in mortality at 28 days.”* The WHO
Rapid Evidence Appraisal for COVID-19 Therapies (REACT)
Working Group meta-analysis, which included 27 randomized tri-
als, found an IL-6 receptor antagonist was associated with a lower
28-day all-cause mortality in hospitalized adults with COVID-19
(summary OR, 0.86; 95% CI, 0.79-0.95, P = 0.003).**

There is no evidence for the use of tocilizumab in children
with symptomatic COVID-19 outside of case series and cohort
studies, which included only a small proportion of children receiv-
ing experimental therapies.”?* However, a trial of tocilizumab
for children with COVID-19 is currently underway (RECOVERY
NCT04381936). Safety data for tocilizumab in children are pri-
marily derived from trials of rheumatological diseases and it is
overall, well-tolerated.?” The most commonly reported side effects
are infections, cytopenia and infusion-related reactions. In trials in
adults with COVID-19, drug-related adverse effects included sec-
ondary bacterial infections, hepatotoxicity, thrombocytopenia and
neutropenia.?*

Tocilizumab is currently licensed by the FDA and EMA
for use in children >2 years with juvenile idiopathic arthritis and
cytokine release syndrome induced by chimeric antigen receptor T
cell therapy. There is currently a worldwide shortage of tocilizumab
due to COVID-19. This algorithm recommends a single dose of
tocilizumab for children =2 years of age, with hypoxemia and evi-
dence of systemic inflammation (CRP =75 mg/L or rapidly rising)
who are either: (1) receiving invasive or noninvasive ventilation or
(2) not yet requiring ventilation but clinically deteriorating 2448
hours after starting steroids. Of note, only the FDA has approved
the use of tocilizumab for COVID-19 in the pediatric age group.
In the RECOVERY, COVACTA and REMAP-CAP trials, a second
dose was given (8-24 hours later) to participants deemed to not
be improving at the treating clinician’s discretion. This occurred in
only 22%-29% of participants.?>?

The dose of IV tocilizumab is stratified by weight (Table 1).
As tocilizumab inhibits the proinflammatory cascade, following its
administration CRP should not be used as a marker of monitor-
ing progress. Tocilizumab is not recommended in children with
impaired liver function (defined as aspartate aminotransferase/ALT
> 10x the ULN) or thrombocytopenia (<50 x 103/uL).

Baricitinib

Baricitinib is an orally administered selective JAK 1 and 2
inhibitor. It exerts its anti-inflammatory effects by reversibly inhib-
iting the intracellular signaling of multiple cytokines implicated in
the immunopathology of COVID-19. It is also proposed to have
antiviral properties against SARS-CoV-2, interfering with viral
entry and reducing ACE2 expression on bronchial and upper air-
way epithelial cells.?® Baricitinib is approved for use in adults with
moderate-to-severe rheumatoid arthritis and in some countries for
severe atopic dermatitis, and is being studied in clinical trials for
the treatment of atopic dermatitis in children.

The role of bariticinib in adults with COVID-19 has been
assessed in 2 phase IIlI, randomized, double-blind, placebo-con-
trolled clinical trials.?**° In 1033 hospitalized adults with COVID-19
(evidence of systemic inflammation was not required for enroll-
ment), the ACTT-2 trial found that participants who received
baricitinib plus remdesivir had a faster median time to recovery
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by 1 day compared with those who received placebo plus remde-
sivir (median 7 vs. 8 days; rate ratio for recovery 1.16; 95% CI,
1.01-1.32; P = 0.03), but no difference in 28-day mortality was
observed.”” Of note, the difference in time to recovery was greatest
in those patients requiring high-flow oxygen or noninvasive ven-
tilation (median 10 vs. 18 days; rate ratio for recovery 1.51; 95%
CI, 1.10-2.08). The COV-BARRIER trial was a placebo-controlled
RCT evaluating baricitinib in combination with standard of care in
1525 hospitalized adults with COVID-19.3° This trial found a lower
28-day all-cause mortality in the baricitinib group compared with
placebo (8% vs. 13%; hazard ratio, 0.57; 96% CI, 0.41-0.78). Par-
ticipants required at least 1 elevated marker of systemic elevation
for enrollment (CRP, D-dimer, lactate dehydrogenase or ferritin
above the ULN). Standard of care treatment included systemic cor-
ticosteroids (79.3%) and remdesivir (18.9%). Neither trial showed
a significant increase in serious adverse events, serious infections
or thromboembolic events with baricitinib. However, no trials have
evaluated the role of baricitinib in children with COVID-19. The
pharmacokinetics of baricitinib in children has been evaluated in
a cohort of 18 patients [median age 12.5 years (range 1.2-24.1);
weight 8.5-84 kg] with inherited interferon disorders enrolled in a
compassionate use program. Weight and renal function significantly
impacted on volume of distribution and clearance, respectively. The
half-life of baricitinib was significantly shorter in children <40 kg.?

Based on the above data, the FDA has provided EUA for
baricitinib for the treatment of COVID-19 in hospitalized adults and
children >2 years of age requiring supplemental oxygen, noninva-
sive or invasive mechanical ventilation or extracorporeal membrane
oxygenation. The EMA has not yet approved baricitinib for use in
children. The recommended oral dosage is stratified based on age
(see Table 1) and duration of therapy is 14 days or until hospital
discharge, whichever occurs earlier. Baricitinib is not recommended
for patients with renal impairment (creatinine clearance <15mL/
min/1.73 m?), lymphopenia (lymphocytes < 2 x 10° cells/L), neutro-
penia (neutrophils 0.5 x 10° cells/L), transaminitis (ALT or aspartate
aminotransferase > 5 x ULN) or active tuberculosis.

In September 2021, the FDA issued a black box warning
for baricitinib in relation to the risk of malignancy (lymphoma
and nonmelanoma skin cancer), thrombosis and serious infection,
including tuberculosis. Baricitinib has been associated with throm-
bocytosis and increases in serum creatinine, lipids, liver enzymes,
bilirubin and creatinine kinase. These laboratory markers should
be monitored along with hematologic indices during treatment.?

Casirivimab-imdevimab (Ronapreve)

Casirivimab and imdevimab are recombinant IgG1 mono-
clonal antibodies that bind to the spike protein of SARS-CoV-2 pre-
venting its interaction with the ACE2 receptor thereby inhibiting
cell infection.’!

The role of casirivimab-imdevimab in hospitalized patients
=12 years with COVID-19 was first investigated in an open-label
RCT by the RECOVERY group comparing usual care with experi-
mental therapies.** In seronegative patients, casirivimab-imdevimab
reduced 28-day mortality caused by COVID-19 [396/1633 (24%)
intervention vs. 451/1520 (30%) usual care; rate ratio, 0.80; 95%
CI, 0.70-0.91]. Although a reduction in mortality was also seen in
seropositive patients, there was a significant difference in mortal-
ity benefit between seropositive and seronegative patients (P value
for heterogeneity = 0.001). Furthermore, when data were combined
for those with an unknown, seropositive and seronegative baseline
antibody status, there was no significant improvement in clinical
outcome (rate ratio, 0.94; 95% CI, 0.86—1.03), suggesting a maxi-
mum benefit in seronegative patients.

Casirivimab-imdevimab was initially authorized for use by
the FDA and EMA for the treatment of COVID-19 in hospitalized
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patients =12 years and =40kg. However, because of in vitro evi-
dence showing reduced activity against certain mutations includ-
ing Omicron BA.1, casirivimab-imdevimab is not recommended
for infection with the Omicron variant.* The FDA has specified
it should only be used in patients infected with or exposed to a
susceptible variant, and the National Institute of Health COVID-
19 Treatment Guidelines Panel has recommended against its use.
However, a recent study suggests casirivimab-imdevimab may have
restored activity against the Omicron BA.2 variant.**

PART 2: SYMPTOMATIC CHILDREN WHO ARE NOT
HYPOXIC

This section of the algorithm relates to children with symp-
toms of COVID-19 who are not hypoxic (Fig. 1). There are cur-
rently insufficient data to quantify the risk of severe COVID-19 in
children associated with specific risk factors. The suggested criteria
for treatment in this algorithm are therefore informed by both the
published evidence and expert subspecialist opinion. As the risk
of severe COVID-19 even in children with comorbidities is likely
to be lower than the risk in healthy adults, decisions in relation to
the treatment of symptomatic children who are not hypoxic should
always be discussed with an infectious diseases specialist and made
on a case-by-case basis. Given the significant protection against
severe disease conferred by COVID-19 vaccination, these thera-
peutics are not recommended for immunocompetent children who
have been fully vaccinated. Children receiving disease-modifying
antirheumatic drugs or specific biologics expected to reduce the
response to the COVID-19 vaccination should be considered as
immunosuppressed in this approach.®

Risk Factors for Severe COVID-19 in Children

Children and adolescents with underlying health problems
are at higher risk of hospitalization, admission to an ICU and mor-
tality.** In a systematic review of children with severe COVID-
19, comorbid conditions were associated with an increased risk of
severe disease and mortality with a relative RR of 1.79 (95% CI,
1.27-2.51) and 2.81 (95% CI, 1.31-6.02), respectively.*® The most
frequently reported comorbidities in children with severe COVID-
19 include obesity, complex neurodevelopmental disorders, respira-
tory diseases including asthma, immunodeficiency and malignancy.
In a multicenter study in 25 European countries including 582
children with PCR-confirmed COVID-19, 25% had comorbidities
which were associated with an increased risk of ICU admission in a
multivariate analysis (OR, 3.27; P = 0.0015). In this study, of the
145 children with comorbidities, the most common were chronic
pulmonary diseases (predominantly asthma and bronchopulmonary
dysplasia) (5%), followed by hematologic or solid tumor malig-
nancy (5%), neurologic disorders (4%) and congenital heart disease
(4%). Of note, in a prospective study of 1527 immunocompromised
children from 46 hospitals in the United Kingdom, only 4 children
required hospital admission with confirmed SARS-CoV-2 infection,
and there were no cases of severe COVID-19 or death.*

Obesity is consistently reported to confer a significant risk
for severe disease in both adults and children.***! This is important
in many high-income countries where a large proportion of chil-
dren and adolescents are classified as obese (eg, Australia 8.2%);
the United States 19.3% including 6.1% with severe obesity).**
A large systematic review reported a relative risk of 2.87 (95% CI,
1.16-7.07) for severe disease in obese children.’® Pooled data from
42 studies of children with severe COVID-19 found obesity was the
most common comorbidity associated with severe disease or ICU
admission (64/358).%

A recently published national cohort study in Scotland
found that children from 5 to 17 years of age with poorly controlled
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asthma (defined as the requirement for oral corticosteroid use or
previous hospital admission for asthma) had a higher rate of hospi-
talization for COVID-19 compared with those with well-controlled
or no asthma [HR, 6.40 (95% CI 3.27-12.53) for those with a pre-
vious admission within the previous 2-year period; HR, 3.38 (95%
CI, 1.84-6.21) for those who had received 3 or more courses of cor-
ticosteroids within the previous 2-year period].** Sickle cell disease
(SCD) was found in a retrospective population-level study based
in the United Kingdom to be associated with a 4-fold increased
risk of hospitalization and 2.6-fold increased risk of death.*® This
study only identified 5 children with SCD requiring hospitalization,
none of whom died. The mortality rate of children with SCD with
COVID-19 in an international registry is reported as 0.2%.%

Sotrovimab

Sotrovimab is a monoclonal antibody that binds the highly
preserved epitope on the virus’s spike (S) protein receptor binding
domain, neutralizing sarbecoviruses, including SARS-CoV-2. Its
2-amino acid Fc modification enables a long half-life and is thought
to improve bioavailability in the respiratory mucosa.***

The COMET-ICE RCT evaluated sotrovimab in nonhos-
pitalized, unvaccinated, symptomatic adults with SARS-CoV-2
infection in the first 5 days from symptom onset who had oxygen
saturations 294% in room air and at least one risk factor for disease
progression.”® Those who received sotrovimab were significantly
less likely to progress to severe disease, requiring hospitalization
for =24 hours (relative risk reduction 85%) or death. Risk fac-
tors for disease progression included diabetes requiring medica-
tion, obesity (body mass index >30kg/m?), chronic kidney disease
(eGFR <60mL/min/1.73 m?), chronic obstructive pulmonary dis-
ease, moderate-to-severe asthma (requiring oral steroids within the
past year or an inhaled steroid to control symptoms), congestive
heart failure (New York Heart Association class II or higher) or age
=55 years. Sotrovimab was well tolerated, with the only reported
side effect being mild diarrhea and infusion-related reactions in a
small number of patients.*

Sotrovimab previously had EUA by the FDA and was
approved by the EMA for use in children (=12 years and =240kg)
and adults with SARS-CoV-2 infection who are at increased risk of
hospitalization and/or death, and who do not require supplemental
oxygen.

The FDA now recommends against sotrovimab in areas
where Omicron BA.2 is dominant due to reduced neutralizing
activity against this subvariant. As this subvariant has become pre-
dominant worldwide, sotrovimab is no longer included in our pro-
posed treatment algorithm.

Casirivimab-imdevimab

In a phase 1 to 3, double-blind, placebo-controlled RCT of
nonhospitalized adult patients with symptomatic COVID-19, there
was both a lower rate of medical visits and hospitalization, in asso-
ciation with a significant decrease in viral load in those receiving
casirivimab-imdevimab.’! Of note, patients were enrolled within
72 hours of symptom onset and positive PCR, the median age of
enrollment was 43 years and inclusion was not restricted on the
basis of comorbidities or baseline serology. Emergency outpatient
use of casirivimab-imdevimab was granted in November 2021 by
the FDA and EMA for adolescents =12 years of age and adults with
mild-to-moderate COVID-19 with risk factors for progression to
severe disease. Subsequently, a large retrospective cohort study of
1392 adults with mild-to-moderate COVID-19, with one or more
risk factors for high-risk disease (including age =65 years, cardio-
metabolic disease or immunosuppression) found that adults treated
within 10 days of symptom onset with casirivimab-imdevimab had
lower hospitalization rates within 28 days of infusion (1.6% vs.
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4.8%; absolute difference: 3.2%; 95% CI, 1.4%-5.1%).> In both
studies, casirivimab-imdevimab was well tolerated, with no serious
adverse events.

Inhaled corticosteroids

Inhaled glucocorticoids commonly used for the treatment
of inflammatory respiratory disease, including asthma, have been
shown to reduce SARS-CoV-2 replication in airway epithelial cells
and decrease the expression of angiotensin-converting enzyme-2
(ACE2) and transmembrane serine protease 2 (TMPRSS2),
required for viral particle cell entry.>*** Ciclesonide has been shown
to also have direct antiviral activity and prevent SARS-CoV-2 repli-
cation, in addition to its anti-inflammatory effects.>

Two open-label RCTs, the STOIC and PRINCIPLE trials,
reported favorable outcomes with the use of inhaled budesonide
compared with standard care in adults with mild COVID not requir-
ing hospital admission.’*>” The STOIC trial randomized 146 adults
with COVID-19 within 7 days of symptom onset to usual care or
budesonide (800 pg twice daily). In the intention-to-treat analysis,
only 2 patients in the budesonide treated group met the primary
outcome of a COVID-19-related emergency presentation or hospi-
talization, compared with 11 patients in the standard of care group
(3% vs. 15%; 95% CI, 0.03-0.21; P = 0.009). The number needed
to treat to prevent deterioration with COVID-19 was 8.%° Only a
small proportion of participants had underlying comorbidities, such
as cardiovascular disease, diabetes or asthma. Of note, the median
duration of symptoms was 3 days in both groups. The PRINCI-
PLE trial included 1856 adults age =65 or =50 years of age with
comorbidities who were randomized to receive budesonide (800 pg
twice daily) or standard of care within 14 days of symptom onset.>’
No immunocompromised adults were included. Participants tak-
ing budesonide had a reduced time to self-reported recovery by 2.9
days compared with those on usual care (11.8 vs. 14.7 days; 95%
Bayesian CI, 1.19-5.12). In addition, fewer patients taking budeso-
nide were hospitalized or died due to COVID-19 at 28 days com-
pared with those receiving usual care (6.8% vs. 8.8%; OR, 0.75;
95% Bayesian CI, 0.55-1.02). However, this result did not meet the
study’s predefined threshold for significance. Budesonide was well
tolerated in both trials with only mild and reversible adverse effects.

Due to its promising in vitro activity against SARS-CoV-2,
2 RCTs have studied the efficacy of ciclesonide in reducing symp-
toms of COVID-19. The CONTAIN RCT compared resolution of
symptoms in 203 adults with symptomatic PCR-proven infection,
who received either placebo or ciclesonide (600 pg inhaled twice
daily or 200 pg intranasal once daily). There was no difference
in resolution of symptoms between the 2 groups [40% interven-
tion vs. 35% control, absolute adjusted risk difference 5.5% (—7.8
to 18.8)].* Of note, most started ciclesonide early in the illness
course, with the median time to enrollment 3 days after symptom
onset. Similarly, a placebo-controlled RCT of 400 adolescents (=12
years) and adults enrolled within three days of a positive PCR result
found the median duration to symptom resolution was 19 days in
both groups. However, those in the ciclesonide group had less
emergency department visits and hospital admissions for COVID-
19 (OR, 0.2; 95% CI, 0.0-0.9).”

As the clinical efficacy of inhaled steroids was only mod-
est and children were not included in these trials, inhaled corticos-
teroids should only be considered for unvaccinated children with
symptomatic COVID-19 with significant risk factors for severe dis-
ease. Budesonide is only available as a dried powder inhaler which
is challenging to administer to younger children or those with lim-
ited inspiratory capacity (such as those children with complex neu-
rodevelopmental disorders). Therefore, a proposed alternative is
ciclesonide or fluticasone which are available as metered dose inhal-
ers that can be administered via a spacer and face mask (Table 1).
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Ciclesonide is licensed in the United States for use in children >12
years for asthma and allergic rhinitis; however, in other countries, it is
approved for use in children =6 years, including Australia. Although
there are currently no clinical data on the efficacy of fluticasone for
COVID-19, in vitro data suggest it also reduces ACE2 expression.*

Remdesivir

The PINETREE RCT was the first trial to focus on the
effect of early administration of remdesivir on disease progression
in an unvaccinated outpatient population with significant comor-
bidities [hypertension, cardiovascular or cerebrovascular disease,
obesity (body mass index = 30), immune compromise, chronic
mild or moderate kidney disease, chronic liver disease, chronic
lung disease, current cancer or SCD] without hypoxia.®! This trial
included adults and adolescents =12 years of age within seven days
of symptom onset, and reported a significant decrease in COVID-
19-associated hospitalizations in the remdesivir group (0.7% vs.
5.3%; hazard ratio, 0.1; 95% CI, 0.0-0.6). Of note, the median time
of symptom duration before remdesivir infusion was 5 days, with a
median of 2 days from SARS-CoV2 PCR positivity. Interestingly,
clinical improvement was not associated with upper airway viral
load. No deaths occurred in either groups by day 28.°' Remdesivir
was well tolerated with few serious adverse effects, the most com-
mon being nausea, headache and cough.

Ritonavir-boosted nirmatrelvir (Paxlovid)
Ritonavir-boosted nirmatrelvir, a combination of 2 oral
antivirals with activity against SARS-CoV-2, was recently given
EUA by the FDA for adults =12 years and =40kg with mild-to-
moderate COVID-19 who are at high-risk for disease progression.
The EMA has recently approved its use in adults =18 years. This
follows release of interim results of the phase 2/3 RCT EPIC-HR
showing administration within five days reduced the risk of hospi-
talization or death from COVID-19 in unvaccinated adults [8/1039
(0.8%) in treatment group vs. 66/1046 (6.3%) in placebo group].®*
Outcomes in the vaccinated cohort of this trial with a breakthrough
infection have not been reported. Phase 2 and 3 trials in children 6
to 17 years of age are underway. Ritonavir-boosted nirmatrelvir is
a strong inhibitor of cytochrome (CYP) P450 3A. Therefore, co-
administration with other drugs that induce or are metabolized by
CYP3A results in either reduced drug concentrations and inferior
virologic response; or increased drug concentrations with associated
adverse effects, respectively. Contraindicated concomitant drugs
include antiarrhythmics (eg, amiodarone and flecainide), anticancer
drugs (eg, vincristine and venetoclax), anticoagulants (eg, warfarin
and rivaroxaban), anticonvulsants (eg, carbamazepine), anti-HIV
medications (eg, raltegravir), antimicrobials (eg, voriconazole,
rifampicin, clarithromycin) and systemic corticosteroids.

PART 3: CHEMOPROPHYLAXIS OF CHILDREN
EXPOSED TO COVID-19
As the risk of severe disease in healthy children exposed to
SARS-CoV-2 is low and reduced further with vaccination,®* there
are no recommendations for routine postexposure prophylaxis in
asymptomatic children who are not fully vaccinated. Decisions
regarding chemoprophylaxis should be on a case-by-case basis.

Casirivimab-imdevimab

For those with risk factors for progression to severe dis-
ease, casirivimab-imdevimab has also received EUA from the
FDA for postexposure prophylaxis for children =12 years and
>40kg. The evidence for its effectiveness in preventing sympto-
matic SARS-CoV-2 is shown in a 2-part placebo-controlled RCT
of unvaccinated, seronegative adolescents =12 years and adults.
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In Part A of the trial, uninfected household contacts of a posi-
tive case were less likely to develop symptomatic SARS-CoV-2
if they received casirivimab-imdevimab within 96 hours of expo-
sure [11/753 (1.5%) vs. 59/752 (7.8%) with placebo; relative risk
reduction 81.4%]. Notably, the duration of symptoms in those who
proceeded to develop SARS-CoV-2 was also shorter in the casiriv-
imab-imdevimab group (3.2 vs. 1.2 weeks). This was associated
with a reduced duration of a high viral load (>10* copies/ml).> In
Part B, infected close contacts randomized to receive casirivimab-
imdevimab also had reduced progression to symptomatic COVID-
19 [(29/100 (29.0%) vs. 44/104 (42.3%) with placebo; OR, 0.54;
95% CI, 0.30-0.97)].¢ Casirivimab-imdevimab was well toler-
ated. As previously discussed, given its lack of efficacy against the
Omicron variant, casirivimab-imdevimab is not currently recom-
mended. Its efficacy against new variants will need to be assessed.

Tixagevimab and Cilgavimab (Evusheld)

Tixagevimab and cilgavimab is a combination of 2 mono-
clonal antibodies that bind to the spike protein of SARS-CoV-2 to
prevent infection. It is the first long-acting antibody combination
for pre-exposure prophylaxis approved by the EMA for adults and
has been given EUA by the FDA for children =12 years and 240kg.
It is only approved for those who are immunocompromised or who
have a vaccine allergy preventing COVID-19 vaccination.

The PROVENT RCT phase III clinical trial randomized
5197 unvaccinated adults in a 2:1 ratio to combination tixagevimab
and cilgavimab or placebo. Tixagevimab and cilgavimab is given
as a single dose by 2 sequential intramuscular injections. The
majority of trial participants had at least one comorbidity and all
had negative SARS-CoV-2 serology. In the tixagevimab and cil-
gavimab group, there were no severe cases or deaths attributed to
COVID-19, and there was an overall 77% reduction in the risk of
developing COVID-19. In contrast, of 1737 participants in the pla-
cebo group, there are 3 (0.17%) cases of severe COVID-19 and
2 (0.12%) deaths. Notably, tixagevimab and cilgavimab was well
tolerated.’” However, recent in vitro data suggest that neutralizing
activity against Omicron is reduced (12- to 30-fold) and the clinical
significance of this requires further study.**%

PRECAUTIONARY NOTE

The major limitation of the described approach to treating
COVID-19 is the extrapolation of evidence from trials in adult
to children in the absence of dedicated pediatric studies. Some
of the drugs described, including tocilizumab, budesonide and
dexamethasone, have established pharmacokinetic and safety data
in children. However, newer medications, including remdesivir,
baricitinib, casirivimab-imdevimab, ritonavir-boosted nirmatrelvir,
tixagevimab and cilgavimab and sotrovimab, do not. Although case
series and cohort studies report the widespread use of these drugs
in younger age groups, there have been no RCTs to demonstrate
safety and efficacy. This is particularly problematic in younger
children in whom drug pharmacokinetics often differ (<2 years). In
addition, a major limitation of all guidelines is the rapidity in which
they can become outdated in light of new evidence, particularly
as new strains emerge. Finally, the applicability of this algorithm
will vary according to accessibility to therapeutics across different
national jurisdictions within a timely manner.

CONCLUSION
This article outlines a proposed approach to the manage-
ment of COVID-19 in children based on the published evidence
to date. Dedicated pediatric trials are needed to ensure the safety
and efficacy of treatments for COVID-19 in children. Due to the
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lack of pediatric safety data for many of the therapeutic options for
the treatment of COVID-19, pharmacovigilance and adverse event
reporting, data collection to contribute to the existing literature, and
parent/guardian informed consent is required.
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