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Background. It is unclear how acute coronavirus disease 2019 (COVID-19)-directed therapies are used in children with life-
threatening COVID-19 in US hospitals. We described characteristics of children hospitalized in the intensive care unit or step-down
unit (ICU/SDU) who received COVID-19-directed therapies and the specific therapies administered.

Methods. Between March 15, 2020 and December 27, 2020, children <18 years of age in the ICU/SDU with acute COVID-19
at 48 pediatric hospitals in the United States were identified. Demographics, laboratory values, and clinical course were compared in
children who did and did not receive COVID-19-directed therapies. Trends in COVID-19-directed therapies over time were evaluated.
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Results.

Of 424 children in the ICU/SDU, 235 (55%) received COVID-19-directed therapies. Children who received COVID-

19-directed therapies were older than those who did not receive COVID-19-directed therapies (13.3 [5.6-16.2] vs 9.8 [0.65-15.9]
years), more had underlying medical conditions (188 [80%] vs 104 [55%]; difference = 25% [95% CI: 16% to 34%]), more received
respiratory support (206 [88%] vs 71 [38%]; difference = 50% [95% CI: 34% to 56%]), and more died (8 [3.4%] vs 0). Of the 235
children receiving COVID-19-directed therapies, 172 (73%) received systemic steroids and 150 (64%) received remdesivir, with
rising remdesivir use over the study period (14% in March/April to 57% November/December).

Conclusion.

Despite the lack of pediatric data evaluating treatments for COVID-19 in critically ill children, more than half of

children requiring intensive or high acuity care received COVID-19-directed therapies.

Key words:

COVID-19; intensive care unit; pediatric; remdesivir; treatment.

The emergence of the novel severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) and subsequent coronavirus dis-
ease 2019 (COVID-19) pandemic necessitated rapid identifica-
tion of effective acute COVID-19-directed therapies. Although
the majority of disease occurs in adults, children account for ap-
proximately 11% of all US COVID-19 reported cases [1]. While
pediatric disease is generally mild, severe acute COVID-19 can
occur in children. From March 1, 2021 to July 25, 2021, the cu-
mulative COVID-19 associated hospitalization rate in children
was 8.0/100 000, but approximately one-third of children hos-
pitalized with COVID-19 require management in an intensive
care unit (ICU) [2]. Despite the occurrence of severe pediatric
disease, few clinical treatment trials have included children
[3], and the majority of treatment guidelines are geared toward
adults [4, 5]. Pediatric-specific recommendations regarding
which patients should receive treatment and which therapeutics
should be used rely on expert opinion based on data extrapo-
lated from adult studies [6, 7].

Recommended therapies have focused on drugs with either
proposed antiviral and/or immunomodulatory activity [4, 8],
and treatment patterns and recommendations in adults have
evolved during the pandemic as new evidence has become avail-
able [9]. Although data on children are lacking, children were
included in the emergency use authorizations (EUA) of some
agents, including hydroxychloroquine and remdesivir [10, 11].
Anecdotal experience suggests that many potential therapies,
the majority of which are oft-label, are being used in children
hospitalized with COVID-19 and that their use is rising; how-
ever, a comprehensive assessment across multiple US hospitals
has not been performed. Therefore, our study sought to de-
scribe the characteristics of US children admitted to the ICU/
step-down unit (SDU) for COVID-19 who received COVID-
19-directed therapies and the patterns of use in children across
US pediatric hospitals during 2020.

METHODS

Study Design

For this case series, active surveillance was performed in the
Overcoming COVID-19 network at 48 US sites to identify per-
sons aged <21 years hospitalized with COVID-19-related com-
plications [12, 13]. Cases were identified by site investigators

and their research team, who abstracted data from the med-
ical record into a standardized case report form. Study data,
including patient demographics, underlying medical condi-
tions, signs and symptoms, clinical course, laboratory values,
diagnostic imaging, pharmacologic and non-pharmacologic
therapeutics, and outcomes, were entered into a secure, web-
based software platform, Research Electronic Data Capture
(REDCap, Vanderbilt University) [14]. The study was ap-
proved by the central institutional review board (IRB) at
Boston Children’s Hospital and each site’s IRB. The study was
reviewed by the Centers for Disease Control and Prevention
(CDC) and was conducted consistent with applicable federal
law and CDC policy, which included a waiver of consent.

Participants

Case patients from the registry were included if they were
aged <18 years and hospitalized in the ICU or SDU at any
time from March 15, 2020 to December 27, 2020 due to acute
symptomatic COVID-19 based on a positive result from a
real-time reverse transcription-polymerase chain reaction
(RT-PCR) test. We excluded case patients with a diagnosis of
multisystem inflammatory syndrome in children (MIS-C), as
defined by CDC criteria [15], and those who were admitted to
the ICU/SDU but had asymptomatic SARS-CoV-2 infection
(eg, testing obtained solely for preoperative and/or admission
screening).

Treatments

The following treatments were considered COVID-19-directed
(COV-19Tx):
hydroxychloroquine, protease inhibitors (lopinavir/ritonavir),

therapies remdesivir, convalescent plasma,
azithromycin in combination with other COV-19Tx, and
immunomodulatory therapies (ie, interferon «, interferon p1,
tocilizumab, siltuximab, anakinra, systemic steroids, tumor
necrosis factor o inhibitors, emapalumab, and Janus kinase
inhibitors).

Patient Demographic and Clinical Characteristics

Patients were defined as “previously healthy” if they had no
underlying medical conditions as previously defined [12]
(excluding obesity) and were not receiving prescription
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medications for chronic conditions. Obesity was defined ei-
ther through clinician-diagnosed reporting or national refer-
ence standards for body mass index (BMI [kg/m?]) for patients
aged >2 years [16]. To describe the clinical characteristics and
disease severity of patients, we evaluated 3 features: (1) pre-
viously described laboratory indicators of inflammation in
hospitalized COVID-19 subjects (platelet count, neutrophil-
to-lymphocyte ratio [NLR], and C-reactive protein [CRP])
with non-missing values for at least 70% of patients [12, 13];
(2) diagnosis of pediatric acute respiratory distress syndrome
(PARDS) defined as meeting the following criteria within the
same 24-hour period: acute onset of hypoxemia, chest imaging
with new infiltrates, respiratory failure not explained by car-
diac failure or volume overload, PaO,/FiO, ratio <300 or SpO,/
FiO, <264 (if SpO, <97), on continuous positive airway pres-
sure (CPAP) =5 cm H,O or bilevel positive airway pressure
(BiPAP) or invasive mechanical ventilation [17]; and (3) need

for certain clinical interventions (eg, respiratory support, vas-
oactive medications).

Statistical Analysis

We determined demographic characteristics, laboratory values,
and hospital course of patients receiving 21 COV-19Tx vs no
COV-19Tx. Continuous variables were expressed as medians
with interquartile ranges (IQR), and categorical variables were
expressed as counts and percentages. For univariate com-
parisons between the COV-19Tx and no COV-19Tx groups,
a Kruskal-Wallis test was used for continuous variables.
Proportions of treatments by month were compared using chi-
squared statistics. Significance threshold was P < .05. Risk dif-
ferences for categorical variables were calculated using the risk
difference command in R from the fmsb package [18, 19]. We
did not impute missing data. All analyses were conducted in R
4.0.2 (R Project for Statistical Computing).

Table 1. Patient Characteristics of Children With COVID-19, by Treatment With COVID-19-Directed Therapies (COV-19Tx)*

COV-19Tx (n = 235, 55.4%)

No COV-19Tx (n = 189, 44.6%) Risk Difference (95% CI) or P-value

Male 143 (60.9%)
Age (years), median (IQR)® 13.3 (5.6, 16.2)

Age category (years)

<1 22 (9.4%)

1-5 38 (16.2%)
6-12 56 (23.8%)
13-17° 119 (50.6 %)

Race/ethnicity

White, non-Hispanic 53 (22.6%)

Black, non-Hispanic 69 (29.4%)
Hispanic or Latino 90 (38.3%)
Other, non-Hispanic 17 (72%)
Unknown 8 (3.4%)

Insurance status

177 (75.3%)
42 (179%)
16 (6.8%)

Public insurance®

Private insurance

Other or unknown
Underlying conditions

At least one underlying 188 (80.0%)

condition®

Respiratory® 98 (41.7%)
Cardiovascular® 36 (15.3%)
Neurological/neuromuscular® 72 (30.6%)

Oncologic, immunosuppressive, 44 (18.7%)

or rheumatologic/autoimmune®

Hematologic 19 (8.1%)

Renal or urologic 25 (10.6 %)
Gastrointestinal/hepatic® 66 (28.1%)
Endocrine 41 (17.4%)
Genetic/metabolic (excluding 28 (11.9%)
obesity)

Obesity® 68/201 (33.8%)

100 (52.9%) 7.9% (-1.5% to 17.4%)
9.81 (0.7 15.9) <.001

54 (28.6%) -19.2% (-26.6% to -11.8%)

24 (12.7%) 3.5% (-3.2% to 10.2%)
40 (21.2%) 2.7% (-5.3% to 10.6%)
71 (37.6%) 13.1% (3.7% t0 22.5%)

45 (23.8%) -1.3% (-9.3% t0 6.8%)

52 (27.5%) 1.8% (-6.8% to 10.5%)
69 (36.5%) 1.8% (-7.5% to 11.0%)
12 (6.3%) 0.9% (-3.9% t0 5.7%)
15 (7.9%) -4.5% (-9.0% t0 0.0%)

10.8% (2.0% to 19.5%)
-8.6% (-16.6% to —0.6%)
-2.2% (-74% t0 3.0%)

122 (64.6%)
50 (26.5%)
17 (9.0%)

104 (55.0%) 25.0% (16.2% to 33.7%)

45 (23.8%) 179% (9.1% to 26.6%)
16 (8.5%) 6.9% (0.8% to 12.9%)
25 (13.2%) 17.4% (9.8% to 25.0%)
10 (5.3%) 13.4% (7.5% to 19.4%)
19 (10.1%) -2.0% (-75% to 3.6%)
11 (5.8%) 4.8% (-0.3% to 10.0%)
27 (14.3%) 13.8% (6.2% to 21.4%)
30 (15.9%) 1.6% (-5.5% to 8.7%)
13 (6.9%) 5.0% (-0.5% to 10.5%)

20/127 (15.7%) 18.1% (9.0% to 27.2%)

Abbreviations: COVID-19, coronavirus disease 2019; IQR, interquartile range.

2COVID-19-directed therapies (COV-19Tx): remdesivir, convalescent plasma, hydroxychloroquine, protease inhibitors (lopinavir/ritonavir), azithromycin in combination with other COV-19Tx,
and immunomodulatory therapies (ie, interferon a, interferon 1, tocilizumab, siltuximab, anakinra, systemic steroids, tumor necrosis factor a inhibitors, emapalumab, and Janus kinase

inhibitors).

“Variables where the 95% confidence interval for difference in proportions did not include the null value or was significant at P < .05.
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RESULTS

From March 15, 2020 to December 27, 2020, of the 1958 indi-
viduals in the registry, 424 (21.7%) patients hospitalized with
acute COVID-19 in the ICU/SDU from 48 hospitals in 29
states met our inclusion criteria (Supplementary Figure 1). The
characteristics of the 235 (55.4%) children receiving at least
one COV-19Tx compared to the 189 not receiving COV-19Tx
are summarized in Table 1. Children who received COV-19Tx
were older than those who did not receive COV-19Tx (median
13.3 vs 9.8 years; P < .001). Black non-Hispanic and Hispanic
or Latino children made up 28.5% and 38.7% of children ad-
mitted to the ICU/SDU with COVID-19, respectively, but no
significant difference in receipt of COVID-19Tx based on race
and ethnicity was noted. Treated children also had a higher
frequency of underlying medical conditions (188 [80%] vs
104 [55%]; difference = 25% [95% CI: 16% to 34%]) and obe-
sity (68 of 201 [33.8%] vs 20 of 127 [15.7%]; difference = 18%
[95% CI: 9% to 27%]). Forty-four of 54 (81.5%) children with
rheumatologic/autoimmune, immunosuppressive, and/or on-
cologic conditions received COV-19Tx, comprising the under-
lying medical conditions with the highest proportion of treated
children. As shown in Figure 1, the patients receiving COV-
19Tx were more severely ill compared with those who did not
receive COV-19Tx by multiple criteria (all P-values <.001).
Additionally, a higher proportion of treated patients had NLR
>5, CRP >3 mg/dL, and platelet counts <150 000 cells/uL.
Treated patients also more frequently received respiratory sup-
port (206 [88%] vs 71 [38%]; difference = 50% [95% CI: 34%
to 56%]) and more often met PARDS criteria. The COV-19Tx

group had a longer median length of ICU stay of 6 days (IQR:
3-12.25 days) compared with 2 days (IQR: 1-4 days) [P < .001]
in the non-COV-19Tx group, as well as a longer length of hos-
pital stay at 10 days (IQR: 5-17 days) vs 3 days (IQR: 2-7 days)
[P < .001]. Subject participation in COV-19 Tx clinical trials
was uncommon (n = 32, 7.5%).

Acute COVID-19 Therapies

Of the 235 patients who received COV-19Tx, 141 (60%)
received =2 COV-19Tx (Supplementary Table 1). The
most commonly administered COV-19Tx regimens were
remdesivir and systemic steroids (26.8%); systemic ster-
oids only (23.0%); remdesivir only (11.9%); and remdesivir,
azithromycin, and systemic steroids (8.1%) (Supplementary
Table 1). Overall, remdesivir was the most commonly admin-
istered antiviral agent (150 of 235 [61.3%]); it was adminis-
tered as the sole therapeutic in 28 children and with other
therapies in 122 children. The median length of remdesivir
treatment was 5 days (IQR: 5-5 days). Systemic steroids were
the most commonly administered immunomodulatory agent
(172 of 235 [73.2%]), with steroid monotherapy adminis-
tered to 53 children and used with additional therapies in
119 children (Supplementary Table 1). Of the 172 children
receiving steroids, 70%, 28%, and 18% received dexametha-
sone, methylprednisolone, and hydrocortisone, respectively.
The majority of patients (28/31, 90.3% received hydrocorti-
sone at standard (ie, non-stress) doses. Other administered
therapies included convalescent plasma (29 of 235 [12.3%])
and hydroxychloroquine (27 of 235 [11.5%]). The median

100%

75%

50%

Frequency of Severity Indicator

25%

0%
Admission
NLR >5

Admission  Admission
Platelet Count CRP >3
<150 x 103 mg/dL
cells/uL

Support

Respiratory  Mechanical
Ventilation

OReceived COVID-19Tx (n=235)

mDid Not Receive COVID-19Tx (n=189)

L. .

PARDS Vasopressor ECMO Death
Requirement

Clinical Severity Indicator

Figure 1. Acute COVID-19 patients by clinical severity*, grouped by receipt of COVID-19-directed therapies (COV-19Tx) during hospitalization. *Pvalues for
all clinical severity indicators were <0.001. Abbreviations: COV-19Tx, COVID-19 Treatments; CRP, C-reactive protein; NLR, Neutrophil-to-lymphocyte ratio;
PARDS, pediatric acute respiratory distress syndrome; ECMO, extracorporeal membrane oxygenation.
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20%
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Remdesivir

Percent of ICU/SDU Patients

Hydroxychloroquine Azithromycin

D“HDL@ i
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Il <~
Other Treatment
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Figure 2. Variability of COVID-19-directed therapies (COV-19Tx) in children and adolescents admitted to the intensive care or step-down unit for acute
COVID-19 by month of hospital admission=. *Significant difference (P<0.001) in reduction in treatment use of hydroxychloroquine and increase in remdesivir
use from March/April to November/December. Other treatments included protease inhibitors (lopinavir/ritonavir), non-steroid immunomodulatory therapies
(interferon o, interferon 31, tocilizumab, siltuximab, anakinra, tumor necrosis factor a inhibitors, emapalumab, and Janus kinase inhibitors).

length of hydroxychloroquine treatment was 5 days (IQR:
4-5 days). Hydroxychloroquine use was common in March/
April but decreased starting in May/June (P < .001), whereas
remdesivir administration increased (P < .001) over the
study period (Figure 2). Remdesivir was used in the majority
of patients across all age groups (Supplementary Table 2).
The overall frequency of hydroxychloroquine use was low,
but the proportion was similar across all age groups with
the exception of children aged 1-5 years (13%-14% vs 3%)
(Supplementary Table 2).

DISCUSSION

This case series included 424 severely ill children admitted
with acute COVID-19 to the intensive care or high acuity
units from March 15, 2020 through December 27, 2020 across
48 US hospitals, and 55% of the patients received at least one
COVID-19-directed therapy. In treated patients, most re-
ceived more than one COVID-19-directed therapy despite
lack of evidence supporting efficacy in children and lack
of access to available clinical trials assessing benefit. Older
children, obese children, and those with underlying medical

conditions were more likely to receive COVID-19-directed
therapies. Although all children in our cohort were admitted
to the higher acuity units, children who received COVID-
19-directed therapies more frequently had life-threatening
COVID-19 complications requiring respiratory and/or va-
sopressor support with more meeting the PARDS criteria
[17]. Adult and pediatric guidelines recommend COVID-19-
directed therapies for patients requiring these life-support
interventions [6, 7]. But current adult patient guidelines also
recommend the use of COVID-19-directed therapies for pa-
tients requiring supplemental oxygen [4, 5]. Use of COVID-
19-directed therapies in children with severe respiratory
disease receiving oxygen support that did not require other
life support was less common.

Our findings differ from those reported by the COVID-
Net. COVID-Net surveillance investigators evaluated data
from 99 counties in 14 states from March 2020 to June 2020
reporting that 7.8% (16/206) of children received a COVID-
19-directed therapy [9]. Their evaluation included all hospi-
talized children early in the pandemic, likely explaining the
lower frequency of use compared to our cohort admitted to
the ICU or SDU. In one study of 48 children admitted to North
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American pediatric ICUs from March 14, 2020 to April 3,
2020, 61% of the children received COVID-19-directed ther-
apies, and similar to our cohort most of these patients also had
a documented underlying medical condition [20]. In both of
the early pandemic study reports, hydroxychloroquine was
the most commonly used COVID-19-directed therapy, sim-
ilar to our case patients in March/April. This trend was also
documented in European children early in the pandemic [8].
Decreasing use of hydroxychloroquine coincided with the US
Food and Drug Administration (FDA) revocation of EUA for
hydroxychloroquine on June 15, 2020 [21].

We report a steep increase in the use of remdesivir over 2020,
with almost 60% of children hospitalized with severe COVID-19
receiving it during November-December. The increased use over
time corresponds with published guidance from the FDA, which
issued an EUA for remdesivir for severe disease on May 1, 2020,
updated the EUA to no longer limit use to severe disease on
August 28, 2020, and ultimately approved the drug on October
22, 2020 for patients >12 years of age and weighing >40 kg [22].
In a prior study, we noted that remdesivir was the most common
antiviral drug administered for severe acute COVID-19, with
many of these children also receiving steroids; however, the cur-
rent study adds information about temporality and characteris-
tics of patients receiving COVID-19-directed therapies [13].

The patterns in therapeutic use observed in our cohort are
consistent with typical approaches to pediatric drug therapy,
in which off-label use of products in adults is extended to pe-
diatric populations over time [23]. Early in the pandemic,
Single-Patient Expanded Access (compassionate use) requests
were the only available method to access the drug for children,
leading to potential delays in use of remdesivir in children. In
the context of a pandemic due to an emerging pathogen, ro-
bust evidence for use of therapeutics in children, as well as
adults, is likely to be lacking, especially early on. In particular,
limited pharmacokinetic and safety data were available for pe-
diatrics early in the pandemic, despite its use in the pediatric
population. Few children in our study were enrolled in a clin-
ical trial, highlighting the importance of rapidly planning and
implementing pediatric clinical trials to keep pace with clin-
ical knowledge in adult populations. Inclusion of adolescents
in adult trials is increasingly supported and the FDA has issued
guidance encouraging sponsors to consider enrollment of mul-
tiple pediatric age groups in parallel—as opposed to a step-wise
extension to younger age groups—when safety concerns do not
warrant age-specific approaches [24, 25]. Pharmaceutical com-
panies and the FDA should leverage existing pediatric networks
with the infrastructure to perform clinical trials in order to ex-
pedite pediatric drug studies.

In our cohort, other adjunctive COVID-19-directed ther-
apies, including steroids, convalescent plasma, tocilizumab, and
anakinra, were also administered, with steroids being the most
common drug class used. Although pediatric experts suggested

that these immunomodulatory agents be administered within
the context of a clinical trial, few trials have enrolled children
[26]. Without direct evidence in children, clinicians extrapo-
late from adult data for guidance. Given the variability in drug
responses and dosing between young children and adults, this
may lead to inaccuracies. Lastly, numerous COVID-19-directed
therapy combinations were prescribed in our cohort, with some
patients receiving 4- to 5-drug combinations with little pedi-
atric data available regarding the safety of COVID-19-directed
therapy combinations.

This study provides a broad evaluation of the use of and
trends in COVID-19-directed therapies during the first 10
months of the COVID-19 pandemic. Currently published pe-
diatric data highlight the use of hydroxychloroquine early in
the pandemic. Our data demonstrate the changing treatment
patterns over time, which mirrored evolving national recom-
mendations based on adult data and targeted toward adult pa-
tients [4, 9]. Furthermore, peaks in SARS-CoV-2 infections
have occurred at varying times in different geographic loca-
tions. Regions with surges early in the pandemic likely had dif-
ferent COVID-19-directed therapy prescribing patterns than
regions that experienced surges later in the pandemic because
adult COVID-19-directed therapy recommendations evolved
over time. Thus, a strength of this multi-center, geographically
diverse surveillance system is the ability to provide national
data to examine treatment trends for severe pediatric COVID-
19 during the pandemic.

In this observational study, we did not attempt to evaluate
the effectiveness of COVID-19 treatments using regression
modeling because of confounding by severity [27], as the ma-
jority of patients with the highest severity received treatment
(eg., 88% of treated patients had received COVID-19 treat-
ments vs 38% of untreated patients). Furthermore, we were
unable to apply analytic methods with accuracy to evaluate the
effectiveness of anti-COVID-19 treatments in this report due to
the heterogeneity in treatments by site and calendar time and
the small sample sizes. Even with homogeneity in treatments
and restriction of our cases to ICU patients, the magnitude of
confounding by severity in our dataset would essentially trans-
late to comparison of severe treated cases with milder untreated
cases. This might result in biased findings of null effect or pos-
sible association between treatment and adverse outcomes
where none exists.

Our study highlights that children most severely ill children
with COVID-19 are receiving COVID-19 therapies. Evaluating
their effectiveness in this population is a top priority. Ideally,
such evaluation would be done through blinded randomized
placebo-controlled trials. Unfortunately, randomized trials
excluded most children early in the COVID-19 pandemic.
Sometimes observational data collected through networks such
as Overcoming COVID-19 can offer opportunities to evaluate
the effectiveness of treatments under real-world settings. This
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was recently done by our group for treatment of MIS-C, where
glucocorticoids plus intravenous immune globulin (IVIG) was
associated with reduced risk of new or persistent cardiovascular
dysfunction as compared with IVIG alone [28]. In that anal-
ysis, we applied propensity score matching to balance treatment
groups and mimic intention to treat analysis of a randomized
trial. Such analyses can control for confounding factors that
might influence treatment choices [29]. However, for MIS-C,
treatments were much more homogenous, sample sizes were
larger, and we had patients of equal severity treated with IVIG
vs IVIG plus glucocorticoids. In contrast, this was not the situ-
ation with COVID-19 treatments in our dataset. Consequently,
we were unable to make valid inferences on the effects of these
treatment data under these observational circumstances.

This study has a number of additional limitations. First, al-
though a geographically diverse network of sites participated,
this does not represent all children hospitalized with acute
COVID-19 in the United States. Second, reasons for treating or
not treating with COVID-19-directed therapies were not col-
lected. The choice to use (or not use) COVID-19-directed ther-
apies could have been related to a variety of reasons, including
limited drug availability, lack of safety and/or efficacy data,
or provider preference. Third, clinical experience due to geo-
graphic variation in COVID-19 incidence and variability over
time in availability of some COVID-19-directed therapies (eg,
remdesivir) may have affected the treatments administered, but
collecting data on drug availability at participating sites was be-
yond the scope of our study. Finally, these data preceded circu-
lation of the Delta variant, and prescribing practices may have
changed.

In a large sample of critically ill US children with acute
COVID-19, the majority received COVID-19-directed ther-
apies, most often remdesivir and/or steroids. As the pandemic
evolved, over half of the patients received more than one
COVID-19-directed therapy. Notably, these drugs are being
prescribed off-label and with no primary data in children.
Having organized, sponsored pediatric networks in place, espe-
cially in the midst of a pandemic, can facilitate the inclusion of
children in prospective clinical studies to generate timely, high-
quality evidence to guide their treatment [3].

Supplementary Data

Supplementary materials are available at the Journal of the Pediatric
Infectious Diseases Society online.
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