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Background:  Since November 2019, the SARS-CoV-2 pandemic has created challenges for preventing and managing COVID-
19 in children and adolescents. Most research to develop new therapeutic interventions or to repurpose existing ones has been
undertaken in adults, and although most cases of infection in pediatric populations are mild, there have been many cases of critical
and fatal infection. Understanding the risk factors for severe illness and the evidence for safety, efficacy, and effectiveness of therapies
for COVID-19 in children is necessary to optimize therapy.

Methods: A panel of experts in pediatric infectious diseases, pediatric infectious diseases pharmacology, and pediatric intensive
care medicine from 21 geographically diverse North American institutions was re-convened. Through a series of teleconferences and
web-based surveys and a systematic review with meta-analysis of data for risk factors, a guidance statement comprising a series of re-
commendations for risk stratification, treatment, and prevention of COVID-19 was developed and refined based on expert consensus.

Results:  There are identifiable clinical characteristics that enable risk stratification for patients at risk for severe COVID-19.
These risk factors can be used to guide the treatment of hospitalized and non-hospitalized children and adolescents with COVID-19
and to guide preventative therapy where options remain available.
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coronavirus 2 (SARS-CoV-2), the coronavirus disease 2019
(COVID-19) pandemic presented an unprecedented global
public health threat, with billions of infections and millions
of attributable deaths [1]. Although children and adolescents
are generally less vulnerable than adults to severe COVID-19
disease, with most experiencing only mild to moderate illness,
they do remain at high risk for infection and sometimes develop
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severe or critical illness and long-term complications [2]. In this
context, optimal prevention and management of COVID-19 in
pediatric populations is important to reduce the use of inappro-
priate therapies and maximize benefits to patients.

The pandemic has been met by the rapid development of
new vaccines, novel antiviral agents, and immunotherapies
and by the repurposing of existing drugs for preventing and
treating COVID-19 [3]. Much of the research effort has been
geared towards adults, and they have been the main focus in
developing these therapeutic agents, with less attention being
paid to evaluating their safety and efficacy in children and ado-
lescents. As the pandemic continues to evolve, the importance
of optimizing specific strategies for managing and preventing
COVID-19 in the pediatric population has become clear.
Identifying pediatric populations at risk for severe COVID-
19, understanding the evidence for the safety, efficacy, and ef-
fectiveness of specific preventative and therapeutic options in
children and adolescents, and evaluating the applicability of
data obtained from adults are all essential to guide the care of
children and adolescents.

In 2022, after the publication of multiple initial and interim
guidance statements for managing COVID-19 in children and
adolescents, the Pediatric Infectious Diseases Society (PIDS)
supported the Pediatric COVID-19 Therapies Taskforce in
creating a consensus guidance document for preventing and
managing COVID-19 in children and adolescents. The aim
was to combine evidence and experience to create practical,
evidence-based guidelines that outlined the boundaries of ap-
propriate practice for healthcare professionals, policymakers,
and caregivers.

This consensus statement has been reviewed and approved
by all panelists and has been endorsed by PIDS. It replaces
previous guidance on antivirals and monoclonal antibodies
(mAbs) [4, 5].

To update the guidance on treatment and pre-exposure and
post-exposure prophylaxis of COVID-19 in children and ado-
lescents, we re-convened a panel of experts in pediatric infec-
tious diseases, pediatric infectious diseases pharmacotherapy,
and pediatric intensive care medicine from 21 geographically
diverse US institutions. The panel evaluated the evidence re-
garding risk factors for severe COVID-19, as well as the avail-
able evidence regarding the safety and efficacy of preventative
and therapeutic interventions in pediatric patients, and it as-
sessed whether and how evidence obtained in adult patients
should be extrapolated to pediatric patients. These data were
combined with experience and expert opinion to develop re-
commendations. The recommendations were developed by
subgroups assigned to consider (1) risk stratification, (2)
early therapy for patients with COVID-19 who do not require
hospitalization for COVID-19, (3) therapy for patients with
COVID-19 who do require hospitalization for COVID-19,
and (4) preventative therapy for patients without COVID-19,

including those who have been recently exposed. After draft
recommendations had been presented to and discussed with
the whole panel, the feedback was incorporated by the sub-
groups and the panel voted on the recommendations by elec-
tronic survey. In this consensus guidance, approval by 100%
of the voting panelists was required for acceptance of each
recommendation.

Each statement was assigned a recommendation-strength of
“recommend,” “suggest,” or “consider” [4-7]. A “recommend”
statement reflects the view of the panel that the evidence base
for or against a therapy is sufficiently strong that departures
from these recommendations could be viewed as being outside
the range of usual practice. A “suggest” statement reflects the
view of the panel that there is a weighting towards risk or ben-
efit from the therapy. A “consider” statement reflects the un-
certainty of the panel concerning the risk or benefit from the
therapy.

The guidance includes recommendations for risk stratifica-
tion to help clinicians identify those patients who are at high
risk for severe COVID-19 (Section 1), for early treatment of
COVID-19 to prevent worsening disease in patients who do not
require hospitalization (Section 2), and for treating COVID-19
to prevent further deterioration, critical illness, or death in pa-
tients who require hospitalization (Section 3). There are also
recommendations for preventing COVID-19 in exposed and
unexposed patients (Section 4).

It is important to note that some therapeutic agents dis-
cussed in the document are no longer appropriate or available
for preventing or treating COVID-19 in the United States.
SARS-CoV-2 has evolved rapidly, rendering ineffective some
therapies that were options for treating previously circulating
variants. A prerequisite for all recommendations in this guid-
ance is the availability of at least one authorized agent that is
active against the current dominant variant(s). At the time of
publication, this prerequisite has not been met in the United
States for pre-exposure or post-exposure prophylaxis (PrEP or
PEP) or for mAbs for treating COVID-19. However, the panel
has included the evidence assessment and recommendations
for other areas of the world where the situation might be dif-
ferent, as well as for future scenarios that may arise when new
products become available or existing ones again become an
option.

SECTION 1: RISK STRATIFICATION

Recommendations:
Recommendation 1.1:

In children and adolescents with COVID-19 infection, the
panel suggests using risk stratification that takes into consid-
eration the assessment of pre-existing conditions, exacerbating
factors, and prior immunity to determine appropriate
management.
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Figure 1.

Risk stratification framework. Definite risk factors include inmunocompromise, obesity, diabetes (type 1/2), prematurity, chronic cardiac, neuro-

logic, or pulmonary disease (excluding asthma). Probable risk factors include sickle cell disease, mild/moderate immunocompromise, neuro-disabilities,
chronic kidney, gastrointestinal or liver disease. Prior immunity is defined as up-to-date immunization or recent infection within the previous 4 months.

Recommendation 1.2:
Children and adolescents may be considered at high risk if all of
the following conditions are met:

i.  They have a definite or probable risk factor for severe
COVID-19. Severe immunocompromise, obesity, diabetes,
prematurity, and chronic cardiac, neurologic (seizures), or
pulmonary disease (excluding asthma) can be considered
definite risk factors. Probable risk factors include sickle
cell disease, mild/moderate immunocompromise, neuro-
disabilities (trisomy 21), and chronic kidney, gastrointes-
tinal, and liver disease.

ii. They have an exacerbating condition, including multiple
(22) comorbidities, a severe or poorly controlled comor-
bidity, or being <1 or 212 years of age.

iii. They have no prior immunity, defined as up-to-date im-
munization or recent infection (within the previous 4
months) in an immunocompetent host.

Recommendation 1.3:

Children and adolescents may be considered at moderate risk if
they have definite or probable risk factors for severe COVID-19
but no exacerbating conditions or if they are immunocompe-

tent and have prior immunity.

Recommendation 1.4:

Children and adolescents with no risk factors for se-
vere COVID-19 may be considered at low risk for severe
COVID-19.

Rationale for Recommendations

In developing these guidelines, the panel formulated a frame-
work to help stratify patients who have the highest risk of their
infection progressing to severe COVID-19 and who are, thus,
most likely to benefit from treatment. This framework involves
assessing the varying degrees of risk associated with certain
pre-existing conditions, the complexity of these conditions,

and prior immunity. The proposed risk stratification approach,
which is illustrated in Figure 1, was developed on the basis of
systematic evidence reviews and expert opinion. This approach
is based on the recognition that although there may be certainty
about a given risk factor (i.e., it is consistently associated with
critical COVID-19 in the literature), no single risk factor will ad-
equately capture the magnitude of risk when considered in iso-
lation. The presence of a definite risk factor may not necessarily
represent a significant risk if the condition is well controlled or if
it is present in a child with prior immunity. Conversely, medical
complexity and inadequately managed conditions can increase
the likelihood of severe disease and should be considered even
if there is uncertainty about the risk factor. Age is listed as a po-
tential exacerbating factor because its prognostic ability is lim-
ited when no other risk factors are present. We employed age
thresholds of <1 year and 212 years, as these were the ones most
consistently used in the literature. These thresholds capture the
bimodal pattern of risk, and they align with the ages specified
by the United States Food and Drug Administration (FDA) in
the authorization of the relevant therapeutic and prophylactic
agents. However, it is important to acknowledge that these cut-
offs are arbitrary in nature.

Although this conceptual framework is informed by empir-
ical evidence, its predictive performance, as a whole, requires
validation. It is presented here to help contextualize the treat-
ment recommendations provided in this guideline. The panel
also acknowledges that not all children will fit neatly into this
model. Clinicians will need to exercise clinical discretion when
applying this framework to individual patients. In the section
below, we provide a brief overview of the risk factors that were
considered, and their final classifications based on the certainty
of evidence. A more comprehensive review of the evidence
base for this stratification approach can be found in the accom-
panying systematic review and meta-analysis [8].

Evidence Acquisition and Synthesis
Systematic reviews were conducted to identify and consolidate
evidence regarding factors contributing to an increased risk of
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progression to severe or critical COVID-19 outcomes in pedi-
atric populations. Panel members initially focused on ascer-
taining evidence for the factors specifically mentioned in the
Emergency Use Authorizations (EUA) for therapeutic agents
and then broadened the search to provide more nuance as
needed. For the purposes of these guidelines, we did not con-
sider hospitalization alone as a severe outcome, as the deci-
sion for hospital admission frequently depends on institutional
protocols and children may have been hospitalized for reasons
unrelated to SARS-CoV-2. Thus, our initial systematic review
focused on comparative studies that captured rates of “critical
disease;” defined as disease resulting in a need for invasive me-
chanical ventilation, admission to an intensive care unit (ICU),
and/or death. In cases where comparative studies were lacking
for a particular risk factor, single-arm reports, non-pediatric
studies, and studies that focused solely on hospitalization as an
outcome were reviewed separately. These sources were used as
indirect evidence of the potential impact of the risk factor under
consideration.

Methodologists, along with a subgroup of panelists, screened
the titles and abstracts of all identified papers and conducted
full-text reviews of relevant articles. This evidence review in-
cluded articles published from the inception of the study until
August 18, 2023. Among the 655 articles screened, 136 directly
explored at least one potential risk factor of interest and were,
therefore, incorporated into our body of evidence. Among these
136 studies, 70 were synthesized as a meta-analysis, whereas the
remaining 66 studies were reviewed qualitatively because their
methods or definitions precluded direct comparisons.

Each assessed condition was classified as a Definite,
Probable, or Unlikely Risk Factor based on the totality of evi-
dence from these studies, using previously described standards
[9]. Briefly, Definite Risk Factors were those for which the ev-
idence for an increase in risk was supported by methodologi-
cally sound multicenter studies that demonstrated a large effect
size, with the results being consistent across multiple studies.
Large effect sizes were defined as an odds ratio (OR) or relative
risk (RR) greater than 2 if adjusted for known confounders or
greater than 5 if based on pooled unadjusted estimates from a
meta-analysis, as previously described [10]. Risk factors were
downrated to Probable if they were associated with modest ef-
fect sizes, were inconsistent, or had substantial unexplained het-
erogeneity across studies (I* > 75% in meta-analysis). This group
also contains factors for which substantial uncertainty exists be-
cause the best evidence came from studies with small sample
sizes that could not be adjusted for confounding or for which
data were available only for the adult population. Unlikely Risk
Factors were those for which there was strong and consistent
evidence that the characteristic was not a risk factor, supported
by large multicenter studies or meta-analyses. A summary of
the results from the systematic review and meta-analysis is
shown in Figure 2.

Summary of the Evidence for Risk Stratification

Age

The risk of critical COVID-19 is not consistent across all age
groups, and it exhibits a U-shaped distribution, with the highest
risk being observed in younger infants and older adolescents
and the lowest risk being found in children of primary school
age [11-18]. Although the results of multiple studies sug-
gest that being younger than 1 year is a risk factor, this effect
may have been confounded by prematurity, which, upon sub-
analysis, we found to be a strong risk factor (pooled OR: 2.77;
95% CI: 2.17-3.54).

Medical Complexity

Medical complexity is one of the most robust and consistently
observed predictors of critical COVID-19 disease. Prior meta-
analyses have found an increase up to tenfold in the odds of
critical disease among children with two or more underlying
conditions [19]. The definition of medical complexity varies
across studies, but it typically encompasses children with mul-
tiple chronic health conditions and/or a reliance on medical
technology. Multiple studies have demonstrated that the degree
of medical complexity increases the risk of poor outcomes in a
dose-dependent manner, with each additional pre-existing dis-
ease correlating with increased odds of ICU admission or death.

Prior Immunity

Prior immunity, defined as up-to-date immunization or recent
infection (within the previous 4 months), plays an important
role in decreasing the level of risk. Recent findings from meta-
analyses indicate that monovalent and bivalent COVID-19 vac-
cines were highly effective (>75%) at protecting children from
severe disease during the Omicron waves [20]. Studies have
shown similar protection after natural infection [21] and even
higher effectiveness as a consequence of “hybrid immunity”
resulting from a combination of prior infection and recent
booster vaccination [22]. However, there are several important
caveats regarding prior immunity that merit consideration.
First, protection resulting from both previous infections and
immunization wanes over time. In a recent study, the effective-
ness of COVID-19 vaccines against severe Omicron infections
declined from 94% to 57% after just 4 months [23]. Second,
it is important to consider how closely the circulating SARS-
CoV-2 variants match the strains contained in the COVID-19
vaccines. In a large multicenter study, Link-Gelles et al. showed
that the effectiveness of vaccines against the recent Omicron
variants differed by 10%-40%, depending on whether the
monovalent or bivalent vaccine was used [24]. Another im-
portant caveat concerns immunocompromised children. As
their immunological response to both vaccines and infection
is variably diminished based on the timing and extent of im-
munosuppression [25], special consideration is needed when
assessing the degree to which risk can be mitigated by prior
immunity.
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Figure 2. Association between comorbidities and severe COVID-19 in children. OR (95% Cl) = odds ratio and 95% confidence interval, estimated using data
extracted from published studies. Red = Definite risk factors; Orange = Probable risk factors; Green = Unlikely risk factors; Gray = Risk modifiers. The yellow
bars represent the total number of studies evaluated, with darker shades indicating the subset of studies included in the meta-analysis. ACertainty down-
graded because of small sample sizes in studies or non-significant effects after adjusting for comorbidities. *Reference age, 1-11 years.

Immunocompromise

Evidence suggests that children with compromised immune
systems are at high risk for poor outcomes after SARS-CoV-2
infections. A study by Greenan-Barrett et al. found that, after
hospitalization for COVID-19, immunocompromised children
and adolescents had significantly higher rates of ICU admis-
sion (12% vs. 2%), mechanical ventilation (8% vs. 1%), and
death (6.5% vs. 0.2%) when compared with immunocompe-
tent children [26]. However, the observed effect was not always
consistent across studies. This variability probably stems from
the diverse nature of immunocompromised conditions, which
encompass both inherited and acquired forms, each confer-
ring different degrees of immune compromise. Certain factors,

such as recent chemotherapy treatment, neutropenia (absolute

neutrophil count < 500/pL), lymphocytopenia (absolute lym-
phocyte count < 200/uL), the myeloablative conditioning reg-
imen, graft-versus-host disease, and a recent hematopoietic
cell transplant can lead to severe immunocompromise and
have been associated with increased severity [27]. The evi-
dence is more limited regarding whether mild to moderate
immunocompromise is a risk factor for progression to crit-
ical COVID-19 [28-30]. The panel defined mild to moderate
immunocompromise as the routine administration of non-
lymphodepleting immunosuppressive or immunomodulatory
medications, such as disease-modifying anti-rheumatic drugs
(DMARDsS) or the administration of prednisone at <20 mg/day.
The largest study to evaluate this association was a multicenter
single-arm study by Kearsley-Fleet et al. that involved 607

Pediatric COVID-19 guidance « JPIDS 2024:13 (March) « 163



pediatric patients who received immunomodulatory therapies
for rheumatologic conditions and had a hospitalization rate of
7% (43 out of 607) after COVID-19 [29]. Notably, glucocorti-
coid usage correlated with hospitalization on univariate anal-
ysis, although this effect lost its significance after adjustment
for the effect of obesity, and no correlation was found between
DMARD:s and hospitalization.

Hematologic Conditions

Our review included 11 studies that assessed the outcomes in
children with sickle cell disease, and five of these studies were
combined in a meta-analysis. However, although the pooled
OR was greater than 1, the sample sizes were small; therefore,
the estimates lacked precision. Two studies included in the
literature review found patients with sickle cell disease and a
prior history of pain crisis, acute chest syndrome, and associ-
ated comorbidities to have an increased risk of hospitalization
but not of critical disease [12, 31]. More evidence is needed to
draw stronger conclusions on the risk of critical disease among
children with sickle cell disease.

Obesity and Diabetes

Obesity, defined as a BMI or weight exceeding the 95th per-
centile for age and sex, emerged as a clear risk factor in our
meta-analysis, with a pooled unadjusted OR of 2.26 (95%
CI: 1.75-2.92), using data from 18 studies. Importantly, eight
studies found obesity to be a predictor of critical COVID-19
outcomes even after adjustment for other known risk factors.
Similarly, diabetes was a strong risk factor for severity [32-36].
One of the largest studies to examine these associations found
that children and adolescents with diabetes (combined type 1
and type 2) had a higher prevalence of ICU admission (47%
vs. 26%), invasive ventilation (17% vs. 10%), and death (15%
vs. 8%). Notably, those with both diabetes and obesity had a
hazard of death approximately four times higher than that of
the general pediatric population [32].

Collectively, these findings suggest that both obesity and
diabetes should be considered as definite risk factors for
progression to critical COVID-19, although more data are
needed to disentangle the effects of type 1 and type 2 diabetes.
Kompaniyets et al. reported that both diabetes types were as-
sociated with increased risk of hospitalization, but only type 1
diabetes was associated with increased risk of critical disease
(aRR: 2.38; 95% CI: 2.06-2.76) [37]. In another study, Mann et
al. reviewed outcomes of 651 children with type 1 diabetes and
COVID-19, and found that 12% had diabetic ketoacidosis at the
time of COVID-19 diagnosis, 17% required hospitalization, and
47% of those hospitalized needed ICU care [38]. Some studies
have suggested that children with type 1 diabetes who maintain
good glycemic control may be at no greater risk than children
without diabetes [33, 39]. However, more evidence is needed to
draw this conclusion, as relatively few studies have evaluated

type 1 and type 2 diabetes separately, and fewer still have taken
into consideration the effect of glycemic control [37, 38, 40-42].

Cardiac and Pulmonary Disease

There is consistent evidence for the association of critical
COVID-19 with cardiac and pulmonary conditions, ex-
cluding asthma. In our meta-analysis, the odds of critical dis-
ease after hospitalization were three times higher in children
with cardiac disease and twice as high in those with pulmo-
nary comorbidities. The evidence is most consistent for con-
genital heart disease and hypertension, which were assessed
separately by more than 10 studies [11, 13, 17, 36, 43-49]. Few
studies have separated out specific respiratory conditions, other
than asthma, to assess their contribution to the observed risk
of severe disease. Associations with severe disease have been
reported for pulmonary hypertension, anatomical abnormal-
ities, bronchopulmonary dysplasia, obstructive sleep apnea,
and oxygen/ventilator dependence [11, 50-52]. In contrast, 24
studies have investigated whether asthma is a predictor of crit-
ical disease, with most (84%) finding no evidence to support
this. However, it is important to acknowledge that the severity
and complexity of these cardiopulmonary comorbidities may
play an important role in modifying the overall effect of these
conditions. For example, Ward et al. estimated that children
with both cardiac and pulmonary comorbidities had 20 times
greater odds of needing ICU care after being hospitalized with
COVID-19 [36]. In contrast, some studies have suggested that
the risks of severity may be lower in otherwise healthy children
with mild, acyanotic, or corrected congenital heart disease
[53-55]. There are also data suggesting that poorly controlled
asthma can increase the likelihood of hospitalization, although
evidence is lacking as to whether it also increases the rates of
critical outcomes [12, 56, 57].

Gastrointestinal Disease

We identified 15 studies that collectively provided data on
1,015 children with diagnoses of both COVID-19 and chronic
gastrointestinal conditions, including chronic liver disease,
gastroesophageal disorders, short bowel syndrome, and a re-
quirement for parenteral or enteral tube feeding for nutri-
tion. The pooled OR derived from these studies was 3.15 (95%
CI: 2.22-4.46), suggesting there is an elevated risk of severe
COVID-19 in these children. A few studies suggest that certain
gastrointestinal conditions have a stronger association with se-
vere COVID-19. For example, children with liver disease, espe-
cially end-stage liver disease, experience higher rates of hepatic
complications during SARS-CoV2 infection [34, 58]. Likewise,
adolescents with non-alcoholic fatty liver disease may also have
an increased risk of severe disease, particularly if they are obese
[59]. In contrast, an international study of children with inflam-
matory bowel disease found that <1% (2 of 209 participants)
developed critical disease [60].
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Chronic Kidney Disease

Although chronickidney disease (CKD) has been well described
as a predictor of COVID-19 severity in adults, its predictive
value in children is less clear. In our evidence review, the rates
of CKD in children with COVID-19 were reported for eleven
studies, only two of which found a statistically significant risk.
However, this evidence had important limitations. For example,
several studies did not differentiate between kidney injury sus-
tained during hospitalization and pre-existing kidney disease.
Additionally, most studies had small sample sizes or did not ac-
count for other comorbidities. Therefore, there is uncertainty as
to whether CKD is an independent predictor of severity.

Neurodevelopmental and Psychiatric Conditions

Psychiatric conditions such as attention-deficit hyperactivity
disorder (ADHD), anxiety, and depression have been associ-
ated with increased risk of hospitalization, but not necessarily
for critical illness once hospitalized [12, 37, 61]. Conversely,
there is good evidence that children with certain neurological
conditions, such as seizure disorders, are at increased risk. In a
large multicenter study that included 43,465 children and ado-
lescents with COVID-19, epilepsy was one of the strongest risk
factors for both hospitalization (aRR: 1.97; 95% CI: 1.62-2.39)
and severe disease once hospitalized (aRR: 1.71; 95% CI: 1.41-
2.08) [37]. Neurodevelopmental disorders that confer medical
complexity (e.g., Down syndrome, cerebral palsy, and meta-
bolic syndrome) may also place children at increased risk. In
a national registry study that included 261 children with Down
syndrome in Latin America, in-hospital mortality was double
for children with Down Syndrome, even after adjustment for
other comorbidities such as cardiac disease and obesity [62].
However, this effect has not been consistently shown in other
studies [11, 37, 44, 47].

SECTION 2: TREATMENT OF COVID-19 IN PEDIATRIC
PATIENTS WHO DO NOT REQUIRE HOSPITALIZATION
FOR COVID-19

Recommendations (Figure 3):
Recommendation 2.1:

For pediatric patients with SARS-CoV-2 infection who do not
require hospitalization for COVID-19 and are at low risk for
progression to severe disease, the panel suggests against specific
treatment for SARS-CoV-2.

Comment:

Most pediatric patients are at very low risk for severe COVID-
19. The benefits of therapies for pediatric patients are not estab-
lished and do not balance the potential risks of treatment.

Recommendation 2.2:
For pediatric patients with SARS-CoV-2 infection who do not
require hospitalization for COVID-19 and are at moderate risk

for progression to severe disease, consider specific treatment for
SARS-CoV-2 on a case-by-case basis.

Recommendation 2.3:

For pediatric patients with SARS-CoV-2 infection who do not
require hospitalization for COVID-19 and are at high risk for
progression to severe disease, the panel suggests administering
specific treatment for SARS-CoV-2.

Recommendation 2.4:

For pediatric patients with SARS-CoV-2 infection who do not
require hospitalization for COVID-19 and for whom specific
treatment is considered or suggested, the panel suggests treat-
ment with one of the following: ritonavir-boosted nirmatrelvir,
remdesivir, or a mAb (if expected to be effective against circu-
lating strains). If none of these options is available or clinically
appropriate, consider treatment with molnupiravir for patients
218 years of age.

Comments:

The efficacy and tolerability of ritonavir-boosted nirmatrelvir,
remdesivir, and active mAbs for preventing severe COVID-
19 appear to be very similar in published studies. The most
appropriate choice of therapy should be determined by the
availability, contraindications (especially drug interactions for
ritonavir-boosted nirmatrelvir), ease of administration, cost,
and patient/caregiver preference. Treatment should be ini-
tiated as soon as possible, ideally within 5 days of symptom
onset. Consultation with a pharmacist is recommended for
ritonavir-boosted nirmatrelvir because of important drug
interactions that may preclude therapy or require modifying
or discontinuing other medications. The use of mAb products
is dependent on their expected activity against currently cir-
culating variants of SARS-CoV-2; at the time of writing, none
are available or recommended in the USA. The recommended
duration of therapy for early outpatient treatment is 5 days for
ritonavir-boosted nirmatrelvir, 3 days for remdesivir, and 5
days for molnupiravir.

Molnupiravir is a less-preferred option because its efficacy
in preventing severe COVID-19 appears to be inferior in pub-
lished studies, but its use may be considered if no other specific
therapeutic options are available.

Recommendation 2.5:

For immunocompromised pediatric patients with SARS-CoV-2
infection who do not require hospitalization for COVID-19 and
are at high risk for progression to severe disease, consider ad-
ministering high-titer convalescent plasma to prevent disease
progression.

Comments:
The benefits of convalescent plasma appear to be highest in im-
munocompromised patients, especially those with profound
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antibody deficiency. Convalescent plasma may be relatively
contraindicated in patients with a history of severe allergic
reactions or anaphylaxis in response to plasma transfusions.
Considerations include the optimal timing of administration:
early administration (as soon as possible and within 8 days of

onset) is desirable, but later use may be appropriate for patients
with worsening illness and profound immunocompromise,
even if they do not yet require hospitalization. In settings where
effective mAb therapy is available, this is preferrable to conva-
lescent plasma.
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Recommendation 2.6:

For immunocompromised pediatric patients with SARS-CoV-2
infection who do not require hospitalization for COVID-19 and
are at low or moderate risk for progression to severe disease, the
panel suggests against the routine administration of convales-
cent plasma to prevent disease progression.

Comment:

Immunocompromised pediatric patients at low to moderate
risk for progression to severe disease are less likely to benefit
from treatment and the panel concluded that the potential
harms, such as infusion reactions and cost, may outweigh the
potential benefits.

Rationale and Evidence Summaries for COVID-19 Therapies in Pediatric
Patients not Requiring Hospitalization for COVID-19
Remdesivir

Remdesivir (Veklury®) is approved by the FDA for treating non-
hospitalized adults and pediatric patients aged 28 days or older
who weigh at least 3 kg (~7 Ibs.), who have mild to moderate
COVID-19, and who are at high risk for progression to severe
COVID-19, including disease resulting in hospitalization or
death [63].

There are no data on the benefit of remdesivir for non-
hospitalized pediatric patients or for those who are fully vaccin-
ated. The panel recommends that considerations for outpatient
treatment with remdesivir should include the feasibility of out-
patient administration, including the infusion center capacity,
staffing sufficiency, appropriate infection prevention measures,
monitoring, the ability to establish and maintain intravenous
access, and patient compliance. Providers should also consider
baseline renal and hepatic function, the availability of alterna-
tive agents (e.g., nirmatrelvir/ritonavir or neutralizing mAbs),
and insurance approval now that remdesivir is commercially
available.

Based on the study design of the randomized controlled
trial used to support the FDA approval, it is recommended that
remdesivir be initiated as soon as possible (within 7 days) after
symptom onset in eligible patients [64].

Based on the duration recommended in the remdesivir pre-
scribing information and outcomes in a randomized trial of
non-hospitalized patients who were at high risk for COVID-
19 progression, a 3-day course of remdesivir had an acceptable
safety profile and resulted in an 87% lower risk of hospitaliza-
tion or death when compared to placebo [64, 65].

Clinical Data Gottlieb and colleagues conducted a random-
ized, double-blind, placebo-controlled trial involving 562 non-
hospitalized patients at least 12 years of age with SARS-CoV-2
infection confirmed by a molecular diagnostic assay within 4
days before screening who had symptom onset within the pre-
vious 7 days and who had at least one risk factor for disease

progression or were 60 years of age or older, regardless of risk
factors [64]. Patients were randomly assigned to receive intra-
venous remdesivir (200 mg on day 1 and 100 mg on days 2 and
3) or placebo. The primary efficacy endpoint was a composite of
COVID-19-related hospitalization or death from any cause by
day 28. Secondary outcomes included COVID-19-related med-
ical visits or death from any cause by day 14 and day 28, COVID-
19-related hospitalization by day 14 and day 28, change in NP
SARS-CoV-2 viral load from baseline to day 7, and time to alle-
viation of COVID-19 symptoms. There were 279 patients ran-
domized to the remdesivir group and 283 to the placebo group.
The most common comorbidities included diabetes mellitus
(62% of the patients), obesity (55%), hypertension (48%), and
chronic lung disease (24%). The median time from symptom
onset to treatment initiation was 5 days (IQR: 3-6 days), and
no patients were vaccinated against SARS-CoV-2 at baseline. By
day 28, two patients (0.7%) in the remdesivir group were hos-
pitalized because of COVID-19, compared to 15 (5.3%) in the
placebo group. There was an 87% relative risk reduction (RRR)
in hospitalization or death by day 28, and all hospitalizations
occurred by day 14. No pediatric patients were hospitalized in
either group, and there were no deaths among the study partici-
pants of any age. There was a possible improvement in the pro-
portion of participants with symptom alleviation by day 14 (35%
of the remdesivir group vs 25% of the placebo group), although
there was no difference between the groups in the change in NP
viral load from baseline. The incidence of adverse events (AEs)
was similar in both groups (12% vs 8.8%) (rate ratio [RR]: 0.27;
95% CI: 0.1-0.7); 1.8% of the remdesivir group experienced a
serious adverse event (SAE) versus 6.7% of the placebo group,
and 0.7% of the remdesivir group had an event that led to dis-
continuation of the medication vs. 1.8% of the placebo group.
There were also minimal changes in creatinine clearance from
baseline and the mean change in ALT from baseline to day 14
was similar in the two study groups.

Pediatric Considerations Although this study evaluated
remdesivir in the outpatient setting, few pediatric patients aged
12-18 years were enrolled (n = 8) and few immunocompro-
mised patients were included. Neither did the study include
vaccinated patients.

Pediatric-specific data on the safety and efficacy of remdesivir
is limited, and no studies, to our knowledge, have investigated
its use for non-hospitalized pediatric patients. However, retro-
spective, mostly single-center studies of hospitalized pediatric
patients treated with remdesivir have suggested that it is gen-
erally well tolerated by children [66-68]. Its use in hospitalized
infants younger than 28 days and/or weighing less than 3 kg has
been described, but there have been no reports of its use in non-
hospitalized neonates [69].

A phase 2/3, single-arm, open-label study (NCT04431453) to
evaluate the safety, tolerability, pharmacokinetics, and efficacy
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of remdesivir in hospitalized patients with COVID-19 ranging
in age from newborn to <18 years is currently recruiting and
aims to enroll 62 participants. The youngest cohort is aged 0-56
days, with a gestational age of <37 weeks and weighing >1.5 kg.
The study is reported to have been completed, but no data are
available at the time of writing [70]. Although this study has
included only hospitalized children, it should yield important
data on the safety of remdesivir in the pediatric population.

Logistically, a 3-day outpatient course of remdesivir may
be challenging to administer. The feasibility of outpatient
remdesivir infusions (in terms of infusion center capacity,
staffing sufficiency, need for monitoring for at least 1 hour post
infusion, ability to establish and maintain IV access, patient
compliance, insurance approval, etc.) should be considered
when prescribing remdesivir for non-hospitalized pediatric
patients with mild to moderate COVID-19 who are at risk for
progression to severe disease. Alternative treatments, such as
ritonavir-boosted nirmatrelvir and mAbs, may be easier to ad-
minister, but remdesivir is a reasonable option to consider for
children who are too young for oral antivirals or cannot swallow
pills, when significant drug-drug interactions with ritonavir-
boosted nirmatrelvir are to be avoided, or when the available
mAbs are thought to be ineffective against the currently circu-
lating SARS-CoV-2 variant.

Ritonavir-Boosted Nirmatrelvir (Paxlovid)

Nirmatrelvir is an inhibitor of the SARS-CoV-2 main pro-
tease (MP). Inhibition of MP™ prevents the processing of
polyprotein precursors, resulting in the inhibition of viral rep-
lication. Ritonavir inhibits CYP3A-mediated metabolism of
nirmatrelvir, resulting in increased nirmatrelvir plasma con-
centrations. The efficacy of ritonavir-boosted nirmatrelvir
was evaluated in the phase 2/3 trial “Evaluation of Protease
Inhibition for COVID-19 in High-Risk Patients” (EPIC-HR)
(ClinicalTrials.gov Identifier, NCT04960202), which included
2246 non-hospitalized, symptomatic adults with at least one
risk factor for progression to severe disease. The incidence
of COVID-19-related hospitalization or death through day
28 was lower in the ritonavir-boosted nirmatrelvir group
than in the placebo group (RRR: 87.8%). Additional de-
tails regarding the trial are well summarized by the National
Institutes of Health (NIH) COVID-19 Treatment Guidelines
Panel [71]. Importantly, the EPIC-HR trial did not include
patients younger than 18 years or individuals with a history
of COVID-19 infection or vaccination. Ninety-eight percent
of the patients enrolled in the EPIC-HR trial were infected
with SARS-CoV-2 Delta variant, and there is no clinical data
on the efficacy of ritonavir-boosted nirmatrelvir against the
Omicron variant; however, the target for nirmatrelvir is rela-
tively conserved, making it less susceptible to loss of efficacy
against emerging variants. Concern regarding cross-resistance
with other COVID-19 therapeutics is low, given the different

mechanisms of activity, although there is currently a lack of
data on the efficacy or safety of combination therapy.

The EPIC-SR trial
NCT05011513)
standard risk and vaccinated adults with at least one risk factor

Identifier,
included 1153 wunvaccinated adults with

(ClinicalTrials.gov

for progression to severe disease. The data from this trial is
as yet unpublished. However, the primary endpoint of self-
reported, sustained alleviation of all symptoms for 4 consec-
utive days, as compared to placebo, was not met. There was a
non-significant 51% reduction in hospitalization or death (5 of
576 patients vs. 10 of 569), with a non-significant 57% reduc-
tion in hospitalization/death among vaccinated adults with at
least one risk factor. There was a 62% decrease in COVID-19-
related medical visits per day across all patients (P = 0.0228)
and a 72% reduction in the average number of days in hospital
among ritonavir-boosted nirmatrelvir recipients versus those
in the placebo arm. Observational studies have shown similar
results. For example, a comparative retrospective cohort study
evaluated whether ritonavir-boosted nirmatrelvir was asso-
ciated with improved clinical outcomes in non-hospitalized,
vaccinated (at least 1 month previously) adult patients with
COVID-19 [72]. There was a 45% RRR in the primary com-
posite outcome of all-cause ER visits, hospitalization, or death
within 30 days in the ritonavir-boosted nirmatrelvir cohort
(OR: 0.5; 95% CI: 0.39-0.67; P < 0.005). There was also a higher
probability of event-free survival in the ritonavir-boosted
nirmatrelvir group (88.15% vs. 84.16%, P = 0.002). Another
propensity-matched, retrospective, observational cohort study
of non-hospitalized adults with COVID-19 found that patients
treated with ritonavir-boosted nirmatrelvir had reduced odds of
28-day all-cause hospitalization, 28-day all-cause mortality, and
subsequent hospital visits when compared to patients who did
not receive antiviral treatment [73].

Although the authorized adult dosing regimen is expected
to result in serum exposures of ritonavir-boosted nirmatrelvir
in patients aged 12 years or older and weighing at least 40 kg
comparable to those observed in adults, the safety and effec-
tiveness of ritonavir-boosted nirmatrelvir have not been es-
tablished in pediatric patients. At the time of writing, a phase
2/3 study to investigate the efficacy and safety of ritonavir-
boosted nirmatrelvir in children (ClinicalTrials.gov Identifier,
NCT05261139) is not yet enrolling participants. The number
needed to treat is probably much higher for pediatric patients
than for adult patients because age is a protective factor for se-
vere disease, so this aspect should be considered when indi-
vidual risk vs. benefit decisions are being made.

Molnupiravir

Molnupiravir is a nucleoside analogue that inhibits SARS-CoV-2
replication by viral mutagenesis. The efficacy of molnupiravir
was evaluated in the phase 3 MOVe-OUT trial, which included
1433 non-hospitalized adult patients with laboratory-confirmed
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mild to moderate COVID-19, at least one risk factor associated
with poor disease outcomes, and symptom onset within 5 days
before randomization. The incidence of all-cause hospitalization
or death through day 29 was lower in the molnupiravir-treated
group than in the placebo group (RRR: 30%). Additional details
regarding the trial are well summarized by the NIH. Based on
the bone and cartilage toxicity observed in a 3-month, repeat-
dose toxicology study in rats, molnupiravir is not authorized
for use in patients younger than 18 years. The safety and effec-
tiveness of molnupiravir have not been established in pediatric
patients and, at the time of writing, there are no known studies
of the safety or efficacy of molnupiravir in this population. Most
patients enrolled in the MOVe-OUT trial were infected with
SARS-CoV-2 Delta variant, and there are no clinical data on the
efficacy of molnupiravir against the Omicron variant. Concern
regarding cross-resistance with other COVID-19 therapeutics is
low, given the different mechanisms of activity, although there is
currently a lack of data on the efficacy or safety of combination
therapy. Molnupiravir has lower efficacy than ritonavir-boosted
nirmatrelvir or remdesivir and, therefore, it may be considered
only as an alternative.

Monoclonal Antibody (mAb) Therapy
This guidance statement is based on balancing the beneficial
impact on mortality and hospitalizations seen in adult studies
against the generally lower risk of progression to severe disease
in children and adolescents—even among those with risk fac-
tors specifically mentioned in the EUAs—and the scarcity of
pediatric evidence. Although the FDA has authorized the use
of mAb therapy for adolescents at high risk for severe COVID-
19, there are limited data to support such a designation among
adolescents belonging to many of the risk groups mentioned in
the EUA. The safety profile of these agents in adult studies has
been deemed acceptable, but they have not been studied sys-
tematically in younger age groups. Furthermore, whether these
agents provide protection against multisystem inflammatory
syndrome in children (MIS-C) or post-COVID conditions is
unknown. The intent of this guidance is not to suggest the rou-
tine use of these agents for all adolescent patients or to preclude
their use for any specific group but to clarify that pediatric use
should be guided by the best available evidence for the poten-
tial trajectory of SARS-CoV-2 infection in an individual patient.
The guidance should supplement and not replace instructions
from local health departments on using these products.
Bebtelovimab is a recombinant neutralizing human IGgIA
mAb that binds the spike protein of SARS-CoV-2 and blocks
attachment to the human ACE2 receptor. In February 2022, the
FDA issued an EUA for the use of bebtelovimab to treat pa-
tients aged at least 12 years and weighing at least 40 kg with
mild to moderate COVID-19 who were at high risk for progres-
sion to severe disease. The mAb was to be administered within
7 days of symptom onset. Supporting evidence included in vitro

data confirming the activity of the mAb against all circulating
Omicron subvariants and data from a phase 2 trial, BLAZE-4
(NCT04634409), that evaluated the treatment of COVID-19 in
unvaccinated, non-hospitalized adult patients with mild to mod-
erate COVID-19. Arms 12 and 13 evaluated the clinical efficacy
and safety in high-risk patients receiving bebtelovimab mono-
therapy or bebtelovimab in combination with bamlanivimab
and etesevimab. COVID-19-related hospitalization or death
from any cause by day 29 occurred in two of the patients (4%)
treated with the combination therapy, as compared with three
patients (3%) treated with bebtelovimab monotherapy. Two pe-
diatric patients (aged 14 and 15 years) were enrolled in an open-
label arm (14) of BLAZE-4, the main objective of which was
to characterize the safety profile. In a multi-site, retrospective
study of more than 3500 high-risk patients who received either
IV bebtelovimab or PO nirmatrelvir-ritonavir, only 1.4% of the
patients in the mAb group progressed to severe disease. This
was similar to the rate of progression of 1.2% in the antiviral
group. Rates of admission to the ICU were also similar at 0.4%
vs 0.2%, respectively [74].

Although no study participants were infected with the
Omicron (B.1.1.529) lineage or with sub-lineages of SARS-
CoV-2 in the BLAZE-4 trial (Clinicaltrials.gov Identifier,
NCT04634409), in vitro studies demonstrated that bebtelovimab
retained activity (resulting in a <5-fold reduction) against the
Omicron (B.1.1.529/BA.1), Omicron BA.2, Omicron BA.4,
and Omicron BA.5 variant lineages [75]. Treatment-emergent,
resistance-associated substitutions were associated with higher
viral loads in the patients in whom they were detected. However,
bebtelovimab is not active against the currently circulating vari-
ants of SARS-CoV-2; therefore as of November 30, 2022, it is no
longer authorized for use [76, 77].

Sotrovimab is an engineered human mAb that targets a
highly conserved epitope of the SARS-CoV-2 spike protein
[78]. Unlike other mAbs, data suggest that sotrovimab may
prevent cell-cell fusion and contribute to immune-mediated
viral clearance, in addition to antiviral neutralizing activity. The
COMET-ICE study was a phase 3, randomized, multi-center,
double-blind, placebo-controlled trial that included 1057 non-
hospitalized, unvaccinated adults. All patients included had
laboratory-confirmed mild to moderate COVID-19, were at
high risk for progression to severe disease, and were admin-
istered drug or placebo within 5 days of symptom onset. The
primary outcome was a composite of all-cause hospitalization
longer than 24 hours or death through day 29. The median
age of enrolled people was 53 years. Obesity, age 55 years or
older, diabetes, and moderate-to-severe asthma were the most
common risk factors for progression to severe disease. More pa-
tients in the placebo group than in the sotrovimab group met
the primary endpoint (30 of 529 [6%] vs. 6 of 528 [1%]; P <
0.001). Sotrovimab was associated with a 79% RRR for hos-
pitalization or death from any cause through day 29. Adverse
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events were reported at similar rates for both groups (22% for
the sotrovimab group vs. 23% for the placebo group). Real-
world observational data from non-hospitalized adult patients
also demonstrated the efficacy of sotrovimab in reducing hos-
pitalization and 28-day all-cause mortality, as compared to the
rates in matched patients who did not receive mAb [73]. The
safety and efficacy of sotrovimab have not been assessed in clin-
ical trials in pediatric patients. In limited case series of high-risk
pediatric patients, sotrovimab was noted to be tolerable with no
serious adverse effects [79].

Although in vitro assessments demonstrated that sotrovimab
retained efficacy against the B.1.1.529/BA.1.1 Omicron variant,
there was a 16-fold reduction in activity against the B.1.1.529/
BA.2 spike variant of SARS-CoV-2, relative to that against the
wild-type variant. As of April 2022, sotrovimab is no longer au-
thorized for treating COVID-19 in the United States because of
the increased proportion of non-susceptible circulating variants
of SARS-CoV-2 [80].

Bamlanivimab plus etesevimab was the only mAb product
authorized for use in children of all ages, including neonates,
who were at high risk for progression to severe disease, for
treating mild to moderate COVID-19 and for post-exposure
prophylaxis. An open-label pediatric addition to the BLAZE-1
study included a total of 125 non-hospitalized patients treated
for mild to moderate COVID-19, the youngest of whom was 10
months of age and weighed 8.6 kg. The safety profile was similar
to that in adults, and no pediatric patients died or required hos-
pitalization because of COVID-19. The phase 3 trial, BLAZE-2,
supported the EUA for post-exposure prophylaxis of COVID-
19, but no children were enrolled. There are no further clinical
use data on using bamlanivimab plus etesevimab in pediatric
patients. Dosing for children younger than 12 years was based
on pharmacokinetic modeling and simulation.

Bamlanivimab plus etesevimab was associated with a >2938-
fold reduction in susceptibility based on pseudotyped virus-
like particle (VLP) neutralization data. In the phase 3 portion
of the BLAZE-1 study, 9% of patients treated with higher-dose
bamlanivimab and etesevimab and 5.3% of those who received
the EUA dose were observed to have treatment-emergent vari-
ants, compared with 4% of patients who received placebo [81].
Because of the reduced activity against circulating variants of
SARS-CoV-2, the FDA no longer authorizes the use of this treat-
ment option in geographic areas where exposure or infection are
most likely related to a non-susceptible viral variant [81].

Casirivimab plus imdevimab (REGEN-COV) was author-
ized for use in high-risk patients aged 12 years or older and
weighing at least 40 kg for both treatment and post-exposure
prophylaxis of COVID-19, and it could be administered via ei-
ther the intravenous or subcutaneous route. Both products were
discussed in prior guidance [4]. The efficacy of casirivimab plus
imdevimab for treating mild to moderate COVID-19 is sup-
ported by a phase 3, placebo-controlled, adaptive trial that

showed a reduced risk of COVID-19-related hospitalization or
death from any cause when compared to placebo (Clinicaltrials.
gov Identifier, NCT04425629). Evidence supporting the use
of casirivimab plus imdevimab as post-exposure prophylaxis
comes from a phase 3 trial that evaluated asymptomatic pa-
tients at least 12 years of age, but adolescents were not well rep-
resented in that trial [82]. Limited experience with casirivimab
plus imdevimab in children has been published. Gupta et al.
reviewed their experience with using this agent in pediatric pa-
tients after heart transplantation both to treat COVID-19 and as
post-exposure prophylaxis, and they reported that casirivimab
plus imdevimab was well tolerated [83].

Casirivimab plus imdevimab together were associated with
a >1013-fold decrease in susceptibility to the Omicron variant,
but there was no change in susceptibility to previously identi-
fied variants in VLP neutralization studies [84]. Distribution of
casirivimab plus imdevimab was paused in December 2021 be-
cause of reduced in vitro activity against the current circulating
strains of SARS-CoV-2 [85]. In January 2022, the FDA fact
sheet was updated to reflect this; it now states that casirivimab
plus imdevimab is no longer authorized for treating mild to
moderate COVID-19 in geographic areas where exposure or
infection is most likely related to a non-susceptible viral variant.

Pediatric-Specific Data Several single-center case series and
case reports have described the logistics, safety, and tolerability
of mADb therapy in adolescent and young adult populations [86-
89]. Infusion reactions have been described in a small number
of patients [90]. Notably, specific pediatric efficacy and safety
data for any of these products remain limited.

Convalescent Plasma

The EUA issued by the US FDA at the time of writing permits
the use of high-titer convalescent plasma (CP) to treat COVID-
19 in immunocompromised children and adults in both the
inpatient and outpatient settings [91]. In contrast to other treat-
ment options, there is no minimum age or weight requirement
for using CP. CP is not authorized for use in immunocompetent
patients because data from randomized controlled trials have
not supported its use in this population and alternative ther-
apies with better proven efficacy are available. To meet the cri-
teria for use, CP must contain high titers of anti-SARS-CoV-2
antibodies, as defined by the EUA. There is no specified time
frame in which the product must be given.

The benefits of high-titer CP in immunocompromised
children are not clearly demonstrated in the current available
literature, although it is reasonable to assume there may be
some benefit based on the results of studies in adults. There are
inherent risks in administering a blood product, as well as mul-
tiple logistical challenges. For immunocompromised pediatric
patients who are at high risk for progression to severe disease,
the potential benefits may outweigh the risks and administra-
tion of CP can be considered on a case-by-case basis. However,
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the panel considers that the risks may outweigh the potential
benefits in immunocompromised pediatric patients at low to
moderate risk for progression to severe disease.

Although the EUA authorizes the use of CP in pediatric pa-
tients, there is a paucity of published efficacy data on COVID-
19 CP in immunocompromised children [91]. The available
data is derived from small studies and case series. A recent sys-
tematic review and meta-analysis (SR & MA) of COVID-19 CP
for treating immunocompromised patients has been published
[92]. The SR & MA included patient-level data extracted from
six publications for a total of 20 pediatric patients. The children’s
immunosuppressive conditions were not specified, and none of
these children died of COVID-19. Within the SR & MA, the
largest pediatric population came from a pharmacokinetic (PK)
study in which CP was administered to “high-risk” children at
5 mL/kg, whereupon the plasma neutralizing titers dropped
quickly [93]. Therefore, the effectiveness of CP in immunocom-
promised children can only be inferred from adult data.

Safety and pragmatic considerations complicate decision
making around the use of COVID-19 CP. It may be relatively
contra-indicated in patients with a history of severe allergic re-
actions or anaphylaxis to plasma transfusions. Infusion reac-
tions (including transfusion-associated circulatory overload)
may occur, and transmission of transfusion-associated infec-
tions is possible. Considerations include the optimal timing of
administration; this is not defined in the EUA, but early ad-
ministration (as soon as possible and within 8 days of onset)
is desirable; later use may be appropriate for patients with
worsening illness and profound immunocompromise, even if
they do not yet require hospitalization. Therefore, the logistics
and lack of local availability of “high-titer” COVID-19 CP (as
defined in the EUA) may preclude its use. Even if a product
is available, it may not reflect current circulating variants. A
pediatric dose is not defined in the EUA, but the available lit-
erature supports a dose of 5-10 mL/kg, up to the adult dose
of one unit (approximately 200 mL); smaller volumes or pro-
longed infusions may be required for patients with impaired
cardiac function/heart failure or renal disease. Repeat dosing
can be considered “based on the prescribing physician’s med-
ical judgment and the patient’s clinical response” [91]. It may
be reasonable to administer CP with other treatments, such as
remdesivir; however, the panel advises against administering
CP in combination with mAbs or other treatments that also
confer passive immunity.

SECTION 3: TREATMENT OF COVID-19 IN PEDIATRIC
PATIENTS REQUIRING HOSPITALIZATION FOR
COVID-19

Assessment of Hospitalized Pediatric Patients with COVID-19
Recommendation 3.1:

For patients with COVID-19 who are hospitalized for reasons
other than COVID-19 respiratory disease and require no

respiratory support above baseline, the panel suggests applying
the approach recommended for non-hospitalized patients.

Comment:

Pediatric patients diagnosed with COVID-19 may be admitted
to the hospital with no symptoms or with only mild or mod-
erate symptoms, defined as not requiring respiratory support
above baseline. For such patients, the panel suggests using the
approach recommended for ambulatory patients. In pediatric
patients who are admitted for another reason and are found
to have COVID-19 but have no risk factors for progression to
severe or critical COVID-19, antiviral therapy is not recom-
mended. Treatment, such as a 3-day course of remdesivir, may
be considered for patients who would meet the criteria for treat-
ment described above.

Recommendation 3.2:

When planning treatment for patients who are hospitalized for
COVID-19 respiratory disease, clinicians should consider the
following factors: age, illness severity, vaccine status, prior in-
fection status, duration of illness, and presence or absence of
risk factors for progression to severe COVID-19.

Comment:

Clinicians caring for children hospitalized for acute COVID-19
respiratory disease should consider the following goals in ther-
apeutic decision making: 1) preventing progression to more
severe illness or death; 2) minimizing the duration of hospital-
ization; 3) avoiding treatment-associated adverse effects; and
4) providing cost-effective and equitable care. Age, illness se-
verity, vaccine status, prior infection status, duration of illness,
and presence or absence of risk factors for progression to severe
COVID-19 are all important factors affecting which patients are
most likely to benefit from therapy.

Rationale and Evidence Summary for Assessment of Hospitalized
Pediatric Patients with COVID-19

Age

The FDA has approved remdesivir for use in infants and
children with COVID-19 who are 228 days of age and weigh
23 kg, and it has issued EUAs for tocilizumab and baricitinib
for children 22 years of age who are hospitalized with severe
COVID-19. However, pediatric-specific efficacy data for the
currently available therapies are limited. The eligibility criteria
for several landmark clinical trials of COVID-19 therapeutics,
including those of remdesivir, dexamethasone, and tocilizumab,
included adolescents 212 years of age [94-97]. However, none
of the reports for these trials included the specific numbers of
participants younger than 18 years or provided subgroup ana-
lyses of the adolescent participants. Although there are ongoing
clinical trials to determine the safety and efficacy of remdesivir,
tocilizumab, and baricitinib for treating COVID-19 in the pedi-
atric age group [70, 98-100], only small, observational datasets
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are currently available to support the use of these treatments in
children.

In the absence of robust clinical trial data for COVID-19
therapies in children, clinicians must extrapolate their safety
and eflicacy from data obtained from adult studies. However,
COVID-19 displays different manifestations across the age
spectrum. Although several hypotheses have been proposed
[101-104] to explain the age-related differences in clinical se-
verity, the underlying mechanisms remain uncertain. Disease
in adolescents is typically more severe than that in younger
children, and adolescents may experience a COVID-19 syn-
drome more similar to that seen in adults [105-107]. In addition,
older children and adolescents are more likely to have acquired
comorbidities, such as hypertension, obesity, and diabetes, that
are associated with more severe disease in adults [108-110].
For these reasons, results from clinical trials in adults are prob-
ably more applicable to older children and adolescents than to
younger children. Conversely, younger children typically have
milder disease when compared with adolescents [111, 112].
Whereas infants and young children with COVID-19 have a
higher likelihood of hospital admission with COVID-19 than
do older children, hospitalized infants and young children only
infrequently develop severe disease requiring advanced respira-
tory support or intensive care [106, 113].

Acknowledging the limitations of the available literature,
the current evidence base suggests that young children without
other risk factors are less likely than older children and adoles-
cents to develop severe disease, particularly illness that requires
advanced respiratory support or intensive care, and, there-
fore, they are less likely to benefit from treatment. This pattern
supports a higher threshold for initiating therapy in younger
children as compared with older children and adolescents.

Prior Infection and Active and Passive Vaccination

Active and passive immunization or previous infection reduce
the risk of hospitalization, despite the rising incidence of break-
through infection due to viral evolution [114-116]. For vaccin-
ated patients requiring hospitalization, vaccination may provide
some protection against further progression [114]. However, if
a vaccinated or previously infected patient requires hospitali-
zation for acute COVID-109, this suggests they have inadequate
immune protection; therefore, prior infection or immunization
should not preclude antiviral therapy.

Clinicians caring for children hospitalized with acute
COVID-19 should establish the patient’s history and timing
of prior COVID-19 infections and COVID-19 vaccinations.
Timing is important for two reasons: 1) the kinetics of the im-
mune response, with peak neutralizing antibody titers being
observed within weeks of exposure and declining over time
[117]; and 2) the likelihood of the immune response against
the prior antigenic exposure being active against currently cir-
culating strains. If available and effective against circulating

strains, passive immunization should also be considered.
Clinicians should also consider the patient’s immune compe-
tence and the likelihood of an adequate response to infection or
active vaccination.

Duration of Illness

Healthcare providers should determine the acuity of infection
based on the timing of known COVID-19 exposure, symptom
duration, and previous testing results. PCR tests for SARS-
CoV-2 may remain positive for several weeks after acute infec-
tion and longer in the setting of immunodeficiency [118-120].
Clinical studies have consistently suggested that early initi-
ation of antiviral therapy is likely to provide the most benefit
for patients with COVID-19 [64, 121-124]. For patients who
test positive for SARS-CoV-2 and present with an infectious
or inflammatory syndrome inconsistent with acute COVID-
19 pneumonia, an alternative diagnosis should be considered,
including potential multisystem inflammatory syndrome in
children (MIS-C). In such cases, treatment directed at acute
COVID-19 is unlikely to be beneficial.

High-Risk Conditions

Many children hospitalized with acute COVID-19 infection
have underlying medical conditions that increase their risk of
hospitalization or progression to more severe disease, or both,
as described above. An assessment of possible high-risk condi-
tions, including those that may not yet have been formally diag-
nosed, is important for treatment decision making. In general,
the threshold for initiating therapies is lower in the presence
of high-risk conditions, especially if multiple such conditions
coexist.

Iliness Severity

COVID-19 illness severity, and by extension the likelihood of
benefit from treatment, is defined primarily by respiratory sup-
port requirements above baseline, using a tiered approach sim-
ilar to that used in the NIH COVID-19 Treatment Guidelines
[125]. The tiers are as follows: 1) hospitalized but not requiring
supplemental oxygen above baseline; 2) hospitalized and re-
quiring supplemental oxygen above baseline via standard nasal
cannula; 3) hospitalized and requiring supplemental oxygen
above baseline via high-flow nasal cannula (HFNC) or non-
invasive ventilation (NIV), such as bi-level positive airway
pressure (BiPAP); and 4) mechanical ventilation (MV) or extra-
corporeal membrane oxygenation (ECMO).

For patients hospitalized because of COVID-19 respiratory
disease who require supplemental oxygen or greater support,
the likelihood of benefit from antiviral and anti-inflammatory
therapy is higher than for less severely ill patients. Antiviral
therapy has been shown to have the greatest benefit for pa-
tients who are hospitalized and require oxygen but who have
not progressed to requiring advanced respiratory support such
as HENC, NIV, or MV [121]. Conversely, anti-inflammatory
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therapies have been shown to have the greatest benefit for pa-
tients who require or are progressing to more advanced respi-
ratory support.

Remdesivir in Hospitalized Pediatric Patients
Recommendation 3.3:

For pediatric patients aged 12 years or older who are hospital-
ized for COVID-19 and require supplemental oxygen or non-
invasive ventilation above baseline, the panel suggests using
remdesivir.

Comments:

As described above, pediatric patients aged 12 years or older
appear to be at increased risk for progression to severe or crit-
ical COVID-19. When patients in this age group require respi-
ratory support above baseline because of COVID-19, the panel
suggests administering remdesivir, based on the evidence of its
benefit in adults.

Recommendation 3.4:

For pediatric patients younger than 12 years who are hospi-
talized for COVID-19, require supplemental oxygen or non-
invasive ventilation above baseline, and are not at moderate
or high risk for progression to critical COVID-19, consider
remdesivir administration.

Comments:

The risk of progression to critical COVID-19 is lower in younger
children than in older children. For those children younger
than 12 years who have severe illness but no risk factors for pro-
gression of their illness, clinicians may consider administering
remdesivir. There is no evidence for the efficacy of remdesivir
in this age group. However, the safety of remdesivir in young
children appears to be tolerable [126], and it may be reasonable
to extrapolate from the findings of studies of adults with severe
COVID-19, especially early in the course of illness.

Infants and young children may develop syndromes con-
sistent with bronchiolitis or laryngotracheobronchitis due to
SARS-CoV-2 infection [127-131]. In general, these syndromes
should be managed as usual without antiviral therapy, as there
is no evidence suggesting a potential benefit of COVID-19-dir-
ected therapy. In cases of particularly severe illness, it may be
reasonable to consider remdesivir on a case-by-case basis in ad-
dition to usual care; however, no specific recommendation can
be made.

Recommendation 3.5:

For pediatric patients younger than 12 years who are hospi-
talized for COVID-19, require supplemental oxygen or non-
invasive ventilation above baseline, and are at moderate or high
risk for progression to severe COVID-19 or are experiencing
a rapid increase in their respiratory support requirements, the
panel suggests administering remdesivir.

Comments:

As noted above, there is insufficient evidence by which to es-
timate the benefit of remdesivir for children younger than 12
years. However, for younger children with severe illness who are
experiencing rapid progression of their illness or have risk fac-
tors for progression to critical COVID-19, the panel judges that
the potential benefit of remdesivir probably outweighs the risk.

Recommendation 3.6:
For patients who are hospitalized for COVID-19 and require
mechanical ventilation or extracorporeal membrane oxygena-

tion (ECMO), consider remdesivir administration.

Comments:

Remdesivir has not been shown to be beneficial in clinical
trials in adult patients who require mechanical ventilation or
ECMO [132]. Guidelines from the World Health Organization
(WHO), National Institutes of Health (NIH), and Infectious
Diseases Society of America (IDSA) recommend against using
remdesivir in patients with illness of this severity [125, 133,
134]. There is no high-quality evidence from pediatric patients
requiring mechanical ventilation or ECMO that supports a rec-
ommendation in favor of remdesivir use. There was significant
disagreement among the panel members regarding the use of

remdesivir in this scenario.

Rationale and Evidence for Use of Remdesivir in Pediatric Patients with
COVID-19 Requiring Hospitalization for COVID-19

Remdesivir is an adenosine nucleotide prodrug that, after in-
tracellular triphosphorylation, acts as an analog of adenosine
triphosphate (ATP) and competes with it for incorporation into
RNA chains by the viral RNA-dependent RNA polymerase, re-
sulting in premature RNA chain termination [135]. It has been
approved by the US FDA for treating COVID-19 in pediatric
patients aged 28 days or older who weigh at least 3 kg.

The prodrug remdesivir has a short half-life of approx-
imately 1 hour, but several of its metabolites have longer
half-lives, including the major active metabolite GS-441524,
which has a half-life of 27 hours, permitting once-daily ad-
ministration [135]. In adults and pediatric patients who weigh
240 kg, the standard regimen is 200 mg on the first day fol-
lowed by 100 mg on subsequent days. Based on pharmacoki-
netic modeling and subsequent trials, for pediatric patients
who weigh <40 kg, a dose of 5 mg/kg on day 1 followed by
2.5 mg/kg on subsequent days provides exposure similar to
that with the standard adult regimen. The manufacturer re-
commends against administering remdesivir to patients with
an estimated creatinine clearance of <30 mL/min because of
the potential accumulation of the excipient sulfobutylether-
B-cyclodextrin (SBECD) [136, 137]. ECMO and continuous
renal replacement therapy appear to accelerate the clearance
of remdesivir, but there are no corresponding recommended
dose adjustments.
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Clinical trials conducted in adults with severe COVID-19
have shown remdesivir to have a modest benefit at best; how-
ever, most of the clinical trial participants had advanced stages
of COVID-19 [94, 95, 121, 132]. Although not conducted in
children, the PINETREE trial demonstrated a significant re-
duction in the combined endpoint of hospitalization and
death related to COVID-19 in adult outpatients who were at
high risk for disease progression [64]. Comparable clinical
trial data are not available for pediatric patients. The Clinical
Administration of Remdesivir After COVID-19 Diagnosis in
Children (CARAVAN) study (NCT04431453) is a phase 2/3,
single-arm, open-label study evaluating the safety, pharmacoki-
netics, and clinical and virologic effects of remdesivir in infants
and children from birth to <18 years of age who are hospitalized
with COVID-19. Interim results for 53 participants indicate
that remdesivir was well tolerated; constipation was the most
common AE, and no SAEs were attributed to the study drug.
A high proportion (85%) of the participants showed clinical
improvement based on a clinical ordinal scale over the study
period. The study is ongoing [126]. In addition, children re-
ceiving remdesivir have been included in several case series, but
none were designed to determine the safety or efficacy of the
drug [111, 138-141].

Remdesivir is recommended by IDSA and NIH guidelines
for hospitalized adults with COVID-19 who require supple-
mental oxygen, but not for those requiring mechanical ventila-
tion or ECMO [125, 134]. The lack of high-quality clinical trial
data on the effectiveness of remdesivir in pediatric patients hos-
pitalized with COVID-19 complicates treatment decisions for
pediatric providers. Remdesivir is reported to be generally safe
and well tolerated in pediatric patients, with a high proportion
of treated patients showing clinical improvement, based on in-
terim clinical trial data [126]. However, no placebo-controlled,
randomized, controlled trials of remdesivir in pediatric patients
have been completed, which raises the question as to whether
antiviral treatment improves the clinical status of children when
compared with supportive care.

Anti-Inflammatory and Inmunomodulatory Therapy for Treating COVID-19
in Pediatric Patients Requiring Hospitalization for COVID-19

COVID-19 may cause significant pulmonary inflammation,
resulting in hypoxemia, acute respiratory distress syndrome
(ARDS), and in the most severe cases, death. Several ran-
domized trials conducted in adults with severe and critical
COVID-19 demonstrated reductions in mortality with cor-
ticosteroid administration, and corticosteroid use is re-
commended by the WHO, NIH, and IDSA guidelines for
managing COVID-19 in selected patients with severe or crit-
ical disease [125, 133, 134].

Most studies evaluating the impact of corticosteroids
on clinical outcomes in patients with COVID-19 have used
dexamethasone. For this reason, the panel favors using

dexamethasone over alternative corticosteroids. A random-
ized clinical trial evaluated the impact of high-dose dexameth-
asone (20 mg daily x 5 days, followed by 10 mg daily x 5 days)
versus usual care (most often dexamethasone at 6 mg daily) in
hospitalized adults. Among patients receiving low-flow supple-
mental oxygen therapy, the higher-dose dexamethasone group
experienced greater mortality (19% vs 12%; RR: 1.59, 95% CI:
1.20-2.10), prompting trial enrollment to be halted for this
group [142]. Based on the above evidence, the recommended
dose for patients weighing 240 kg is 6 mg daily; for patients
weighing <40 kg, the recommended daily dose is 0.15 mg/kg.
Dexamethasone may be administered intravenously or orally
for up to 10 days.

For patients with critical COVID-19 disease, additional
anti-inflammatory therapy may be indicated. For adults with
critical COVID-19 and evidence of significant inflammation,
adding an interleukin (IL)-6 inhibitor, such as tocilizumab, or
a Janus kinase (JAK) inhibitor, such as baricitinib, to cortico-
steroid therapy is associated with superior outcomes. However,
published reports on the use of these therapies in pediatric pa-
tients with COVID-19 are extremely limited.

Corticosteroids for Treating COVID-19
Recommendation 3.7:

For patients who are hospitalized for COVID-19, require sup-
plemental oxygen therapy above baseline, and are worsening,
consider administering dexamethasone.

Comments:

The RECOVERY trial randomized 6424 hospitalized adults
to receive dexamethasone at 6 mg/day for up to 10 days plus
standard of care versus standard of care alone. Overall, there
was a significant reduction in 28-day mortality in the dexa-
methasone group relative to the placebo group (22.9% vs 25.7%;
RR: 0.83; 95% CI: 0.75-0.93; P < 0.001). However, among the
approximately one-quarter of the study population who re-
quired no supplemental oxygen, there was no statistical differ-
ence in 28-day mortality, but numerically higher mortality in
the dexamethasone group (17.8% versus 14%; RR: 1.19; 95% CI:
0.92-1.55) [96]. A subsequent observational study evaluated
the impact of dexamethasone on 90-day mortality among adults
hospitalized in the Veterans Affairs (VA) system with a positive
PCR or antigen test for SARS-CoV-2. Among the 9450 hospi-
talized adults who did not require supplemental oxygen, 3514
received dexamethasone within 48 hours of admission. Using
propensity score weighting, the hazard ratio (HR) for 90-day
mortality was 1.76 (95% CI: 1.47-2.12) for patients who re-
ceived dexamethasone [143]. Based on these data and on other
national guidelines, the panel’s statements in support of dexa-
methasone use are limited to its use in hospitalized patients who
require supplemental oxygen above baseline or higher levels of
respiratory support [125, 134].
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The RECOVERY trial demonstrated reduced mortality
in hospitalized adults treated with dexamethasone relative to
those treated with usual care. In the stratified analysis based on
the degree of respiratory support, a modest reduction in mor-
tality was demonstrated in the group requiring oxygen therapy
(23.3% vs 26.2%; RR: 0.82; 95% CI: 0.51-0.81). However, this
group was heterogeneous and included patients requiring low-
flow oxygen, high-flow nasal cannula, and non-invasive me-
chanical ventilation, thereby precluding conclusions specific to
the low-flow group [96].

Observational studies have yielded mixed results re-
garding the impact of corticosteroids on mortality. In a study
conducted in the VA health system, using propensity score
weighting, no difference in 90-day mortality was detected be-
tween those patients treated with dexamethasone and those
receiving usual care (HR: 1.08; 95% CI: 0.86-1.37) among
hospitalized adults requiring low-flow oxygen [143]. In con-
trast, a multicenter study including data from 156 hospitals
demonstrated a reduction in mortality among adults re-
ceiving low-flow oxygen who were treated with dexameth-
asone when compared with a propensity-weighted cohort
receiving usual care (adjusted OR: 0.90; 95% CI: 0.84-0.97)
[144]. One multicenter pediatric study including 1163 hos-
pitalized children with positive SARS-CoV-2 tests compared
the hospital and ICU lengths of stay for children treated with
corticosteroids within the first 48 hours of admission with
those for untreated patients. Twenty-three percent of the pa-
tients received low-flow supplemental oxygen. There was no
difference in the length of stay for patients treated with cor-
ticosteroids in the overall cohort, nor were any differences
detected in the subgroup requiring supplemental oxygen or
greater respiratory support [145].

Collectively, these data suggest that the benefit of cortico-
steroids for children requiring low-flow supplemental oxygen
is uncertain, with high-dose dexamethasone being potentially
harmful. This uncertainty is reflected in the panel’s statement
to consider the selective use of dexamethasone in patients with
escalating supplemental oxygen requirements. In an analysis
stratified by duration of symptoms in the full RECOVERY
study population, reductions in 28-day mortality with the use
of dexamethasone were driven by those patients with symp-
toms for more than 7 days (RR: 0.69; 95% CI: 0.59-0.80),
whereas those patients whose symptoms were present for 7
days or less experienced no benefit (RR: 1.01; 95% CI: 0.87-
1.17) [96]. Therefore, for patients with an escalating oxygen
requirement, clinicians may consider the duration of symp-
toms when making treatment decisions, as well as age and
comorbidities. Finally, there are no data suggesting that the
treatment of children with SARS-CoV-2-associated bronchio-
litis, asthma, or croup should differ from usual care standards,
which may include the use of corticosteroids in children with
asthma or croup.

Recommendation 3.8:

For patients who are hospitalized for COVID-19 and require
high-flow oxygen therapy, noninvasive ventilatory support, or
mechanical ventilation above baseline, the panel suggests ad-

ministering dexamethasone.

Comments:

Although the RECOVERY trial demonstrated a significant re-
duction in mortality among hospitalized adults with COVID-
19 treated with dexamethasone versus usual care, the greatest
benefits were seen in patients requiring mechanical ventila-
tion (with a 28-day mortality in the stratified analysis of 29.3%
versus 41.4%; RR: 0.64; 95% CI: 0.51-0.81) [96]. The association
between dexamethasone use and reduced mortality in criti-
cally ill patients was further supported by a meta-analysis in-
cluding the RECOVERY trial and six smaller studies [146-151].
Although a large pediatric observational study demonstrated
no differences in hospital length of stay in children hospitalized
with COVID-19, despite including an analysis limited to those
requiring supplemental oxygen or greater respiratory support,
the strength of the association between steroid use and reduced
mortality in adult randomized trials supports the panel’s state-
ment suggesting dexamethasone use for patients with critical
COVID-19 [145].

The impact of corticosteroid dose has been evaluated in
several trials including patients with critical COVID-19, albeit
with mixed results [152-155]. The largest of these trials was the
COVID STEROID 2 trial, which compared 6 mg vs 12 mg per
day of dexamethasone in hospitalized adults requiring a high-
flow nasal canula (>10 L/min) or greater respiratory support,
approximately half of whom were on non-invasive or inva-
sive mechanical ventilation. The median number of days alive
without respiratory support within 28 days of randomization
was higher for patients treated with dexamethasone at 12 mg/
day, but this difference (1.3 days; 95% CI: 0-2.6 days; P = 0.07)
was not statistically significant. In a prespecified Bayesian anal-
ysis, there was greater probability of benefit in the 12 mg group
with low probability of harm [152]. No pediatric-specific data
inform optimal steroid dose or duration in COVID-19, and
the panel can make no definitive recommendation regarding
dexamethasone dose. Both the NIH and IDSA guidelines rec-
ommend a dose of 6 mg daily in adults for 10 days or until hos-
pital discharge, with the NIH acknowledging the possibility of
greater benefit with a dose of 12 mg daily [125, 134]. For pa-
tients weighing less than 40 kg, a dose equivalent to 6 mg of
dexamethasone is 0.15 mg/kg daily.

Use of Other Inmunomodulatory Agents to Treat COVID-19
Recommendation 3.9:

For patients who are hospitalized for COVID-19; require non-
invasive ventilation, mechanical ventilation, or ECMO; are

worsening; and have evidence of significant inflammation,
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consider tocilizumab or baricitinib in addition to other
therapies.

Comments:
When used in conjunction with corticosteroids, non-steroid
immunomodulators have been found to improve outcomes in
some hospitalized patients with COVID-19 and are recom-
mended for adults with progressive severe or critical disease
[125, 134]. Evidence supporting the use of these therapies in pa-
tients younger than 18 years is extremely limited. However, for
pediatric patients with critical illness due to COVID-19, defined
as requiring noninvasive ventilation, mechanical ventilation, or
ECMO; worsening; and with evidence of significant inflamma-
tion, an additional immunomodulator may be considered. Such
patients should also receive dexamethasone as described above.
The anti-inflammatory drugs best studied in adults in-
clude the interleukin-6 (IL-6) inhibitor tocilizumab and
the Janus kinase (JAK) inhibitor baricitinib. Patients should
receive only one non-steroid anti-inflammatory drug; i.e.,
patients should not receive a JAK inhibitor plus an IL-6 in-
hibitor. Tocilizumab and baricitinib both carry boxed warn-
ings of increased risk for opportunistic infections, although
no increase in opportunistic infections has been observed
in patients receiving these drugs for COVID-19. However,
caution should be exercised, as clinical trials did not include
patients with known pre-existing infections and would have
lacked adequate power to detect an increase in infrequent
opportunistic infections. When initiating a non-steroid
immunomodulator for COVID-19, there is no preference for
one class over the other.

Baricitinib

Baricitinib is a JAK inhibitor approved for use in treating
rheumatoid arthritis and alopecia areata. In a random-
ized, open-label clinical trial that included 8156 adults
hospitalized with COVID-19, the mortality rate was 12%
in baricitinib recipients vs. 14% in those who did not re-
ceive baricitinib (RR: 0.87; 95% CI: 0.77-0.99) [156]. A
double-blind, placebo-controlled trial in hospitalized adults
with COVID-19 demonstrated shorter time to recovery in
baricitinib recipients [157].

Baricitinib carries a boxed warning of major adverse car-
diovascular events and thrombosis, as observed in patients
with rheumatoid arthritis. However, these AEs have not been
observed when baricitinib has been used to treat COVID-19.
In 2022, baricitinib was approved by the FDA for treating
COVID-19 in hospitalized adults requiring supplemental ox-
ygen, non-invasive or invasive ventilation, or ECMO. In the
United States, this drug is available under an EUA, only, for
patients aged 2 to <18 years [158]. The EUA-recommended
dose for children aged 2 years to less than 9 years is 2 mg
once daily; for children aged 9 years or older, the recom-
mended dose is 4 mg once daily. Baricitinib is available only

as tablets, which may be dispersed in water for oral or enteral
administration.

Based on evidence of its efficacy in adults with severe or crit-
ical COVID-19 and safety data from pediatric patients with un-
related conditions, it is reasonable to consider using baricitinib,
in addition to dexamethasone, in pediatric patients who are
requiring noninvasive ventilation, mechanical ventilation, or
ECMO.

Another JAK inhibitor, tofacitinib, has also shown efficacy
in treating adults hospitalized with COVID-19 [159]. However,
the FDA has not approved tofacitinib for treating COVID-19
and it is not labeled for use in pediatric patients.

Tocilizumab

Tocilizumab is a mAb that inhibits receptors of the pro-
inflammatory cytokine IL-6. Large randomized clinical trials
found that receipt of tocilizumab, as compared to placebo, was
associated with a lower risk of mortality and more rapid re-
covery in adult patients with COVID-19 who required organ
support (non-invasive or invasive mechanical ventilation and/
or vasopressor or inotrope infusion) [124] and in adult patients
who required supplemental oxygen with a C-reactive protein
(CRP) level of 275 mg/L [160]. However, in hospitalized pa-
tients with less severe illness, tocilizumab did not reduce the
risk of intubation [161].

Tocilizumab is approved by the FDA for treating COVID-19
in hospitalized adult patients who are receiving systemic cor-
ticosteroids and respiratory support; it is also approved for use
in patients aged 22 years with juvenile idiopathic arthritis (JIA)
or chimeric antigen receptor (CAR) T cell-induced cytokine re-
lease syndrome. For treating COVID-19 in pediatric patients in
the United States, tocilizumab is available only under an EUA
[162]. The EUA-recommended dose for patients weighing less
than 30 kg is 12 mg/kg; for patients weighing 230 kg, the re-
commended dose is 8 mg/kg. Tocilizumab is administered as a
single intravenous dose.

Serious adverse events when IL-6 inhibitors are used to treat
COVID-19 appear to be rare, although gastrointestinal perfo-
ration has been reported in association with tocilizumab [134].
Reports of IL-6 inhibitor use in patients younger than 18 years
are very limited [163].

Based on evidence of its efficacy in adults with severe or
critical COVID-19 and safety data from pediatric patients
with unrelated conditions, it is reasonable to consider using
tocilizumab, in addition to dexamethasone, in pediatric pa-
tients who are requiring noninvasive ventilation, mechanical
ventilation, or ECMO.

Sarilumab is another anti-IL-6 mAb with evidence of ef-
ficacy in adults with COVID-19. It is not approved by the
FDA for use in pediatric patients, and the currently avail-
able evidence does not suggest that it has any benefit over
tocilizumab.
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Monoclonal Antibodies and COVID-19 Convalescent Plasma
Recommendation 3.10:

For patients requiring hospitalization for COVID-19 respira-
tory disease, the panel suggests against the routine use of mAb
therapy or convalescent plasma transfusion. These therapies
may be considered on a case-by-case basis for carefully selected
patients, such as highly immunocompromised patients or those
who are ineligible for other therapies.

Comments:

Passive immunization against COVID-19, using either COVID-
19 convalescent plasma (CCP) or mAbs, emerged as a treatment
strategy early in the pandemic. Commercially produced mAbs
demonstrated efficacy as prophylaxis and as treatment for early,
mild to moderate disease. In contrast, in large randomized
controlled trials in hospitalized adult patients, outcomes in pa-
tients treated with mAb were no better than those in patients
who received placebo [164, 165]. Because of their lack of clin-
ical efficacy in hospitalized patients, mAbs, if available, are not
recommended for use in hospitalized pediatric patients with
COVID-19. Furthermore, as noted above, at the time of this
publication, no mAbs with activity against circulating COVID-
19 variants are available.

CCP was used extensively in hospitalized patients early in
the pandemic. Subsequently, however, randomized controlled
trials showed it to have no benefit for hospitalized adults
with COVID-19 [166-168]. Furthermore, deploying CCP
is resource intensive, as recoverees must be identified and
screened for transfusion-transmissible pathogens, and col-
lected plasma units must be tested to confirm that the titers
of anti-COVID-19 antibodies are sufficiently high. Therefore,
CCP is not recommended for use in hospitalized pediatric
patients.

In immunocompromised pediatric patients with prolonged
COVID-19 symptoms and evidence of persistent viral replica-
tion (i.e., persistently low cycle threshold values on COVID-19
PCR assays), passive immunization (with CCP or a mAb), usu-
ally in combination with antiviral therapy, is potentially bene-
ficial [169]. CCP has an advantage in that it may be available
shortly after the emergence of novel variants. However, evi-
dence for the efficacy of passive immunization in this setting is
limited to case reports and case series; therefore, no recommen-
dation can be made regarding this approach.

SECTION 4: PRE-EXPOSURE AND POST-EXPOSURE
PROPHYLAXIS

Availability of Agents for Pre-Exposure or Post-Exposure Prophylaxis

As noted above, at the time of publication, there are no author-
ized products available in the United States for PrEP or PEP
that are active against the current dominant variants. The re-
commendations in this section are intended for other regions
of the world, or for possible future situations in the United

States, in which at least one authorized agent is available that
has evidence of efficacy and safety comparable to that of the
products discussed below. All recommendations pertain only
to patients for whom the available products are authorized.

Criteria Used to Formulate Recommendations

Foremost among the factors weighed by the panel in formu-
lating recommendations for PrEP or PEP were the efficacy and
safety of the agents previously authorized for these indications
and the resulting balance of potential benefits and harms.
When assessing data on efficacy, we considered the certainty
of the evidence and the effect size, the importance and mean-
ingfulness of the outcomes studied, and the availability of pe-
diatric evidence. Recognizing that additional factors might
influence clinical decision-making and real-world use of these
products [170], we also took into account their acceptability
to patients, caregivers, and healthcare providers with respect
to the benefits and harms and the uncertainty about these, as
well as the feasibility and logistics of providing and accessing
the agents. In addition, we considered how the availability of
therapies for mild or moderate COVID-19 might affect the
perceived value of or necessity for disease prevention.

Recommendations: Pre-Exposure Prophylaxis
Recommendation 4.1:

The panel recommends COVID-19 vaccination for all eli-
gible patients without medical contraindications. PrEP may
be used as a complementary strategy for preventing severe
COVID-19, but it should not be used as a substitute for
vaccination.

Recommendation 4.2:

For patients at high risk for severe COVID-19 who have (a)
immunocompromising conditions associated with a poor vac-
cination response or (b) contraindications to vaccination, the
panel suggests using PrEP.

Recommendation 4.3:

For patients at moderate risk for severe COVID-19 who have
(a) immunocompromising conditions associated with a poor
vaccination response or (b) contraindications to vaccination,
consider using PrEP on a case-by-case basis.

Recommendation 4.4:

For patients at low risk for severe COVID-19 who have contra-
indications to vaccination, consider using PrEP on a case-by-
case basis.

Rationale

Tixagevimab-cilgavimab (Evusheld), a combination of two
long-acting neutralizing mAbs that bind to distinct epitopes of
the SARS-CoV-2 spike protein receptor-binding domain [171,
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172], is the sole agent to have been authorized by the US FDA
for PrEP. However, on January 26, 2023, the FDA announced
that the product was no longer authorized because it was likely
to be inactive against >90% of current SARS-CoV-2 variants
[173].

As detailed below, tixagevimab-cilgavimab was efficacious
in preventing symptomatic COVID-19 due to susceptible vari-
ants, and it is also safe, with SAEs being reported only rarely
in recipients and at rates comparable to those in patients re-
ceiving placebo. However, data on efficacy and safety for pa-
tients younger than 18 years are not yet available. The typically
mild course of COVID-19 in children and adolescents—even
in those with risk factors for severe disease—probably trans-
lates to a smaller effect size and a higher number needed to
treat than are observed in trials for adults, resulting in a less
favorable ratio of potential benefits to harms. In light of these
factors, the panel recommends vaccinating eligible children
and adolescents in accordance with the US Centers for Disease
Control and Prevention guidance as the primary strategy for
preventing COVID-19, with PrEP serving as a complementary
strategy. We did not arrive at a recommendation of “recom-
mend” for any patient group, and we calibrated the strength of
the recommendations to the degree of risk for severe COVID-
19, reasoning that the possible adverse effects of PrEP would
be more justified and acceptable for patients for whom de-
veloping COVID-19 would be more likely be detrimental.
Therefore, we suggest using PrEP for patients at high risk for
severe COVID-19 who are either anticipated to respond poorly
to vaccination because of immunocompromise or who cannot
be vaccinated because of medical contraindications. For other
patients for whom tixagevimab-cilgavimab was authorized, in-
cluding those at low risk for severe COVID-19 who have vac-
cine contraindications and desire an alternate means of disease
prevention, we advise considering the use of PrEP on a case-
by-case basis.

Agent Previously Available for Pre-Exposure Prophylaxis

Tixagevimab-cilgavimab was first authorized for COVID-19
PrEP on December 8, 2021. It was authorized for use in pa-
tients aged 12 years or older who weighed 240 kg and either
(1) had moderate to severe immunocompromise and, thus,
might not respond adequately to COVID-19 vaccination or (2)
could not receive any available COVID-19 vaccine because of
a history of severe adverse reaction to a COVID-19 vaccine or
vaccine components [172]. The agent was not authorized for
PEP or treatment, and recipients could not be currently in-
fected with or have had recent exposure to SARS-CoV-2. The
product was administered as separate, consecutive intramus-
cular injections of tixagevimab and cilgavimab. The dose orig-
inally recommended was 150 mg of each component, but, as a
result of decreased neutralization activity against the Omicron
subvariants BA.1 and BA 1.1, the recommended dose was

increased to 300 mg of each component, with repeat dosing
every 6 months [174].

Evidence Summary

Efficacy

The safety and efficacy of tixagevimab-cilgavimab for PrEP
was evaluated in the PROVENT study, a phase 3, randomized,
double-blind, placebo-controlled trial [171, 172]. The study
included a total of 5197 adults (218 years of age) who had an
increased risk of an inadequate response to COVID-19 vacci-
nation, an increased risk of exposure to SARS-CoV-2, or both.
Participants received one dose of tixagevimab-cilgavimab or
placebo (3460 in the treatment group and 1737 in the placebo
group).

The primary efficacy endpoint for the study was a first episode
of symptomatic COVID-19, confirmed by reverse-transcription
polymerase chain reaction (RT-PCR), with an onset after the
administration of tixagevimab-cilgavimab or placebo, on or
before day 183. Compared with placebo recipients, recipients
of the agent had a 76.7% RRR (95% CI: 46.0%-90.0%) for this
outcome during primary analysis and an 82.8% RRR (95% CI:
65.8%-91.4%) at the extended 6-month follow-up. In addition,
the incidence of participants who were positive for SARS-CoV-2
nucleocapsid antibodies post dose was reduced by 51.1% (95%
CI: 10.6%-73.2%) at primary analysis and by 57.7% (95% CI:
34.7%-72.7%) at 6-month follow-up in tixagevimab-cilgavimab
recipients. No COVID-19-related hospitalizations or severe or
critical disease were observed in the treatment arm.

Safety
In the PROVENT trial, the incidence of any AE after intra-
muscular administration did not differ between recipients of
placebo versus tixagevimab-cilgavimab [171]. Injection-site
reaction was the most common AE reported. Only one SAE
(severe mesenteric artery thrombosis) was reported as related
to tixagevimab-cilgavimab in the treatment arm, but there was
insufficient evidence to determine a causal relationship between
the event and the trial agent. No additional AEs of special in-
terest or unexpected longer-term safety signals were observed
at the 6-month follow-up. Although a higher proportion of
participants who received tixagevimab-cilgavimab versus pla-
cebo reported myocardial infarction and cardiac failure AEs, all
participants with events had cardiac risk factors and/or a prior
history of cardiovascular disease. A causal relationship between
tixagevimab-cilgavimab and these events was not established.
In the STORM CHASER study, a phase 3, randomized,
double-blind,
tixagevimab-cilgavimab for PEP, 749 unvaccinated patients

placebo-controlled  trial that evaluated
aged 18 years or greater were given 150 mg of tixagevimab
and 150 mg of cilgavimab as a single intramuscular dose and
compared with 372 placebo recipients [175]. Participants
were enrolled within 8 days of exposure to an individual with
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SARS-CoV-2 infection. AEs occurred in 162 tixagevimab-
cilgavimab recipients (21.6%) and 111 placebo recipients
(29.8%). Most AEs were mild or moderate (95%), with head-
ache, fatigue, and cough among the most commonly reported.
SAEs, none of which were considered related to the study inter-
vention, were reported in 5 and 3 participants (0.7% and 0.8%)
in the tixagevimab-cilgavimab and placebo groups, respectively.

Safety data are also available from the TACKLE study, a
phase 3, randomized, double-blind, placebo-controlled study
of 300 mg of tixagevimab and 300 mg of cilgavimab adminis-
tered intramuscularly to treat mild to moderate COVID-19 in
non-hospitalized patients aged 218 years [176]. Among 452
tixagevimab-cilgavimab recipients and 451 placebo recipients,
AEs were reported in 132 (29%) and 163 (36%), respectively,
whereas SAEs occurred in 33 (7%) and 54 (12%), respectively.
COVID-19 pneumonia was the most common AE in both
arms. Cardiac SAEs in the treatment group consisted of myo-
cardial infarction in two participants (one of whom also had
cardiac failure leading to death) and sudden cardiac death in
one participant, whereas one participant in the placebo group
experienced arrhythmia [172]. Deaths from any cause oc-
curred in six participants (1%) in each group and were related
to COVID-19 in three tixagevimab-cilgavimab recipients (1%)
and six placebo recipients (1%) [176]. No anaphylaxis or serious
hypersensitivity reactions were reported [176].

Recommendations: Post-Exposure Prophylaxis
Recommendation 4.5:

For patients at high risk for severe COVID-19, the panel sug-
gests using PEP.

Recommendation 4.6:

For patients at moderate risk for severe COVID-19, consider
using PEP on a case-by-case basis. Assess risk-modifying fac-
tors such as age, vaccination-related or infection-related immu-
nity, medical complexity, the presence of multiple risk factors,
and the nature of the exposure.

Rationale

PEP is a successful strategy to prevent infections by agents such as
human immunodeficiency virus, and it was one of the initial strat-
egies to prevent symptomatic COVID-19 before antiviral therapies
were available. Now; in light of the availability of FDA-approved
antiviral therapy such as remdesivir and the availability of other
antivirals under EUAs, PEP may be limited to patients with severe
immunocompromising conditions for whom there will be a con-
tinuing need to minimize the risk of severe COVID-19.

Agents Previously Available for Post-Exposure Prophylaxis

The FDA previously updated the EUAs for casirivimab-
imdevimab (on August 10, 2021) and bamlanivimab-
etesevimab (on September 16, 2021) to include their use for

COVID-19 PEP in certain children and adults at high risk for
progression to severe COVID-19 [177, 178]. These author-
izations were later withdrawn because of the high frequency
of the Omicron variant (and its sublineages) of SARS-CoV-2,
against which these agents have markedly decreased activity
[179]. Currently, bamlanivimab-etesevimab and casirivimab-
imdevimab are not authorized in any US region and may not be
administered for COVID-19 PEP. As of the publication of this
guidance, no such product was available in the United States for
this indication.

Evidence Summary

Efficacy

Bamlanivimab A phase III, double-blind, randomized,
placebo-controlled trial was conducted to evaluate the ability
of bamlanivimab, a neutralizing mAb against SARS-CoV-2, to
prevent COVID-19 among residents and staff in nursing homes
and assisted-living facilities [180]. Participants were enrolled
from facilities with at least one index COVID-19 case. The pri-
mary outcome was SARS-CoV-2 infection with mild or worse
disease within 21 days of detection and within 8 weeks of ran-
domization. Among 966 participants who tested negative for
SARS-CoV-2 by PCR and serology at baseline, bamlanivimab
significantly reduced the incidence of SARS-CoV-2 infection
when compared with placebo (8.5% vs 15.2%; OR: 0.43; 95%
CI: 0.28-0.68), with AE rates being similar in the treatment
and placebo groups. Based on these findings, bamlanivimab
appeared to be moderately effective at preventing COVID-19
infection among adults without evidence of prior immunity to
SARS-CoV-2. However, extrapolating these findings to children
or previously vaccinated individuals is challenging.

Casirivimab-imdevimab The mAb combination casirivimab-
imdevimab was evaluated as PEP in a randomized, double-
blind, placebo-controlled trial conducted in the United States,
Romania, and Moldova [82]. Household contacts of an index
case (positive for SARS-CoV-2 by RT-PCR) who were asymp-
tomatic and at least 12 years of age were randomized to receive
casirivimab-imdevimab or placebo by subcutaneous injection.
The primary outcome was the development of symptomatic
SARS-CoV-2 infection within 28 days of exposure. Participants
treated with casirivimab-imdevimab had an 81.4% RRR for
symptomatic infection when compared with placebo-treated
participants (11 of 753 [1.5%] vs. 59 of 752 [7.8%]; OR: 0.17;
95% CI: 0.09-0.33). Secondary outcomes that also favored the
treated group were a reduction in positive tests for SARS-CoV-2,
a reduction in viral load for virus-positive participants, and a
shorter mean symptom duration for symptomatic patients.
Safety

Overall, pediatric safety data for SARS-CoV-2 mAbs remain

limited. Hypersensitivity and infusion-related reactions have
been observed with all SARS-CoV-2 mAb products, although
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the latter may be moderated with pre-medication or by
slowing the infusion rate. A 2022 Cochrane review of mAbs
for preventing SARS-CoV-2 infection included two PEP
studies: one randomized control trial of bamlanivimab versus
placebo and one of casirivimab-imdevimab versus placebo
[181]. Based on these limited data, bamlanivimab may slightly
increase AEs of any severity (RR: 1.12; 95% CI: 0.86-1.46) and
SAEs (RR: 1.46; 95% CI: 0.73-2.91) when compared with pla-
cebo. In contrast, casirivimab-imdevimab was associated with
a slight decrease in grade 3 and higher AEs (RR: 0.5; 95% CI:
0.24-1.02) and in all-grade AEs (RR: 0.7; 95% CI: 0.61-0.8),
but there was no difference in SAEs when compared with
placebo.

Considerations for Decision Making about Pre-Exposure or Post-
Exposure Prophylaxis
Degree and Type of Immunocompromise

As with many infectious diseases, the risk of severe COVID-19
is affected by several host (i.e., patient) factors. Based largely
on experience with other respiratory viral infections, certain
immunocompromising conditions are believed to predispose
children to more severe manifestations of COVID-19 (detailed
in Section 1, above). Several conditions and therapies lead to
moderate or severe immunocompromise in children and adults,
making them eligible for alternative vaccination schedules, as
well as for various treatments and preventative agents in the set-
ting of SARS-CoV-2 infection and exposure [182]. Fortunately,
relatively few pediatric groups have been clearly found to be at
increased risk for severe COVID-19 (e.g., children with severe
T-cell immunodeficiencies or severe combined immunodefi-
ciencies or those who have received significant T-cell immuno-
suppression), making quantification of the benefits of PrEP and
PEP difficult (Figure 1).

Presence of multiple risk factors

Non-immunologic risk factors (e.g., diabetes, underlying pul-
monary disease, obesity, and severe heart disease) also influ-
ence the severity COVID-19 infections in children. When more
than one risk factor is present, this risk is compounded. Eligible
children who have multiple conditions associated with severe
COVID-19 should be deemed at highest risk and be strongly
considered for preventative measures and timely treatment
(Figure 1).

Vaccination history

Vaccine-mediated protection against severe COVID-19 re-
quires completion of a COVID-19 vaccine primary series (in-
cluding a third dose for immunocompromised individuals) and
receipt of the most recent booster dose recommended based
on age [183]. Individuals who are not up to date with their
COVID-19 vaccination should be vaccinated as expediently as
possible and, if eligible, be considered for PrEP, as well as for
PEP in the event of a qualifying SARS-CoV-2 exposure. There is

insufficient information to guide PrEP based on the time from
last vaccine dose. Individuals who have immunocompromising
conditions associated with a poor vaccination response and are
at moderate or high risk for severe disease may benefit from
PrEP or PEP regardless of having received all recommended
COVID-19 vaccine doses.

Efficacy of vaccines against currently circulating variants

Although vaccine efficacy against the Omicron variant and its
sublineages is decreased when compared to the efficacy against
prior SARS-CoV-2 variants, mRNA COVID-19 vaccines, at the
time of publication, continued to offer protection against severe
outcomes and complications in children and adolescents [184,
185]. Booster doses are effective at increasing vaccine efficacy
in adolescents, as measured by the incidence of symptomatic
COVID-19 infection [186].

Infection-related immunity

SARS-CoV-2 reinfection within 90 days of the initial infection
can occur with the same virus variant as in the initial infec-
tion or with a different variant, with variable disease severity.
Previous infection has been shown to provide some protection.
However, moderately to severely immunocompromised indi-
viduals may not mount an appropriate response to the infec-
tion. Individuals who have immunocompromising conditions
and are at moderate or high risk for severe disease may benefit
from PrEP or PEP regardless of their history of COVID-19.

Prior receipt of pre-exposure prophylaxis

Currently, individuals who meet the criteria for PrEP with
tixagevimab-cilgavimab, including living in a region with sus-
ceptible circulating SARS-CoV-2 variants, can receive it every 6
months [174]. Individuals who have a known COVID-19 expo-
sure more than 6 months from their last dose of tixagevimab-
cilgavimab and are at moderate or high risk for severe disease
may benefit from PEP.

Patient/family preferences and weighing of risks/benefits

There are several additional considerations surrounding clinical
decision-making for PrEP/PEP from the perspective of the pa-
tient and their caregivers. These largely relate to the process of
therapy administration; previously authorized agents required
intramuscular or intravenous administration in a healthcare
setting. In partnership with the treating clinician, patients
and their caregivers should evaluate the potential benefits and
risks of therapy as discussed above and consider their personal
weighting of these benefits and risks in light of the patient’s
clinical circumstances, in particular their risk for progression to
severe disease. The requirement for intravenous infusion or in-
jection in some cases will preclude the use of PrEP/PEP because
of patient or caregiver concerns about this mode of adminis-
tration or a need for sedation for peripheral intravenous cath-
eter placement. When the patient is considered an appropriate
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candidate for PrEP/PEP, subsequent considerations include the
logistics of access to a facility, the time cost (including missed
work, school, etc.), and out-of-pocket expenses (co-pays, trans-
portation, etc.). Other potential barriers include access to a
facility that is equipped to administer PrEP/PEP for pediatric
patients, including the necessary staffing support. Although
home administration is not, to our knowledge, commonly
offered, extensive favorable experience with pediatric home in-
fusions of other therapies via homecare nursing services may
provide an opportunity to address some of these barriers in the
future.
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