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Characterization and Outcomes of Hospitalized
Children With Coronavirus Disease 2019: A
Report From a Multicenter, Viral Infection and
Respiratory lliness Universal Study (Coronavirus

Disease 2019) Registry

OBIJECTIVES: Multicenter data on the characteristics and outcomes of children hos-
pitalized with coronavirus disease 2019 are limited. Our objective was to describe
the characteristics, ICU admissions, and outcomes among children hospitalized with
coronavirus disease 2019 using Society of Critical Care Medicine Discovery Viral
Infection and Respiratory lliness Universal Study: Coronavirus Disease 2019 registry.

DESIGN: Retrospective study.

SETTING: Society of Critical Care Medicine Viral Infection and Respiratory lliness
Universal Study (Coronavirus Disease 2019) registry.

PATIENTS: Children (< 18 yr) hospitalized with coronavirus disease 2019 at
participating hospitals from February 2020 to January 2021.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: The primary outcome was ICU ad-
mission. Secondary outcomes included hospital and ICU duration of stay and ICU,
hospital, and 28-day mortality. A total of 874 children with coronavirus disease
2019 were reported to Viral Infection and Respiratory lliness Universal Study reg-
istry from 51 participating centers, majority in the United States. Median age was
8 years (interquartile range, 1.25-14 yr) with a male:female ratio of 1:2. A ma-
jority were non-Hispanic (492/874; 62.9%). Median body mass index (n = 817)
was 19.4kg/m? (16-25.8kg/m?), with 110 (13.4%) overweight and 300 (36.6%)
obese. A majority (67%) presented with fever, and 43.2% had comorbidities. A
total of 238 of 838 (28.2%) met the Centers for Disease Control and Prevention
criteria for multisystem inflammatory syndrome in children, and 404 of 874 (46.2%)
were admitted to the ICU. In multivariate logistic regression, age, fever, multisystem
inflammatory syndrome in children, and pre-existing seizure disorder were inde-
pendently associated with a greater odds of ICU admission. Hospital mortality was
16 of 874 (1.8%). Median (interquartile range) duration of ICU (n = 379) and hos-
pital (n = 857) stay were 3.9 days (2-7.7 d) and 4 days (1.9-75 d), respectively.
For patients with 28-day data, survival was 679 of 787, 86.3% with 13.4% lost to
follow-up, and 0.3% deceased.

CONCLUSIONS: In this observational, multicenter registry of children with coro-
navirus disease 2019, ICU admission was common. Older age, fever, multisystem
inflammatory syndrome in children, and seizure disorder were independently asso-
ciated with ICU admission, and mortality was lower among children than mortality
reported in adults.

KEY WORDS: children; coronavirus disease 2019; intensive care unit; multisystem
inflammatory syndrome in children; outcomes; severe acute respiratory syndrome
coronavirus 2
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evere acute respiratory syndrome coronavirus 2 (SARS-CoV-2) emerged

in Wuhan, China, in December 2019 and was declared a worldwide pan-

demic by the World Health Organization (WHO) in March 2020 (1).
SARS-CoV-2 is a highly contagious virus that causes coronavirus disease 2019
(COVID-19). In adults, severe COVID-19 is commonly characterized by se-
vere pneumonia followed by severe systemic inflammation that can result in
death (2-4). Older age, comorbidities, and multiple organ failure are associated
with increased in-hospital mortality (5). The initial reports of SARS-CoV-2
in children described a spectrum of illness with a milder clinical course than
adults (6, 7). Subsequently, an early report of a small cohort (n = 48) of criti-
cally ill children with COVID-19 admitted to American and Canadian PICUs
suggested that severe disease is infrequent in children, and outcomes are bet-
ter than in adults (8). A systematic review of pediatric COVID-19 concluded
that a high proportion of children infected with SARS-CoV-2 are asympto-
matic (9). Since the beginning of the pandemic, the pediatric community has
observed varied presentations of COVID-19 in children over time, encompass-
ing COVID-19 pneumonia with or without pediatric acute respiratory distress
syndrome and multisystem inflammatory syndrome in children (MIS-C), il-
eitis, appendicitis, and meningoencephalitis (10-13). Currently, most data
related to COVID-19 in children have been derived from case reports, case
series, retrospective reviews of small cohorts of patients from local registries,
systematic reviews, and meta-analyses (14-21). Although a recent multicenter
European study described characteristics and risk factors for severe COVID-19
in children, the proportion of children with severe disease requiring ICU was
small, only 8% (22). Recent reports of COVID-19 among children hospital-
ized in the U.S. hospitals described either outcomes among ICU cohort (23) or
compared MIS-C with acute COVID-19 (24) but did not provide comparative
analysis of ICU and non-ICU cohorts.

There is a paucity of data from large, multicenter studies of children hos-
pitalized with COVID-19 that have been able to determine factors associated
with severe disease requiring ICU care. In March 2020, the Society of Critical
Care Medicine (SCCM) Discovery investigators designed and launched a mul-
ticenter registry called the Viral Infection and Respiratory Illness Universal
Study (VIRUS): COVID-19 registry (ClinicalTrials.gov: NCT04323787) (25).
The VIRUS case report form was customized to reflect pediatric-specific data
elements. The prospective VIRUS COVID-19 registry was used to identify
patients below 18 years old. The objectives of this retrospective study were to
describe the characteristics, pre-existing conditions, and outcomes in children
hospitalized with COVID-19 and identity risk factors for severe disease requir-
ing ICU admission.

METHODS
Subijects, Virus Registry

We conducted a retrospective study of children hospitalized with COVID-
19 at 51 participating sites from February 2020 to January 2021, with 28-day
outcomes. Each site obtained institutional review board approval/exempt
status, with a waiver of informed consent. Deidentified data were entered
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into a centralized Research Electronic Data Capture
(REDCap) database (26). Children less than 18 years
old hospitalized at a participating center with poly-
merase chain reaction (PCR)-confirmed (within 21 d
from hospitalization) or clinically suspected COVID-
19 were included. According to VIRUS registry, “clin-
ically suspected” case was defined as any patient with
signs and symptoms suggestive of COVID-19 and/or
MIS-C. Children hospitalized for elective procedures
and surgeries and tested positive for SARS-CoV-2
PCR/antigen on preprocedure/presurgical screening
were excluded. We collected data related to demo-
graphics, comorbidities, presentation, illness severity,
ICU admission, and outcomes. Data from the registry
were subject to numerous data quality checks; errors
and omissions were resolved at each site. Data were
extracted at multiple intervals with updates of specific
fields. The most recent update was in January 2021.
Age was categorized based on WHO classification (27),
and body mass index (BMI) was calculated and cate-
gorized based on percentiles according to the Centers
for Disease Control and Prevention (CDC) defini-
tions (28) and the World Health Organization (WHO)
growth charts for children less than 24 months old
(29) (Table 1). Presenting signs and symptoms were
organized into system-based categories (SDC Table 2,
http://links.lww.com/CCM/G618) and subclassified
into categories of 1, 2, 3, 4, and greater than 4. The
VIRUS registry included an option for free-text entry
for signs and symptoms, admission diagnosis, and
comorbidities not included in the registry. Free-text
entries were manually reviewed by two investigators
(K.M.G,, S.T.) and coded accordingly, and discrepan-
cies were managed through consensus. Comorbidities
were further subclassified into none, 1, 2, or 3 or more
comorbidities. The reporting of this study conforms
to The Strengthening the Reporting of Observational
Studies in Epidemiology statement (SDC Table 3,
http://links.lww.com/CCM/G618) (30).

lliness Severity

Pediatric Risk of Mortality (PRISM) III score was cal-
culated for all patients admitted to the ICU for assess-
ment of illness severity (31). The participating sites
entered either the actual PRISM-III score or data re-
quired for calculation of the score. PRISM-III score for
sites that provided data were calculated by investigators

e42
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(S.T., J.K.) based on calculators available online (32).
We classified illness severity into mild (PRISM-III
score < 10), moderate (PRISM-III score 10-19), and
severe illness (PRISM-III score > 19) as suggested by
the study by Gongalves et al (33).

Outcomes

The primary outcome was ICU admission. Secondary
outcomes included hospital and ICU length of stay
(LOS) and ICU, hospital and 28-day mortality.

Statistical Analyses

Descriptive statistics for continuous and categorical
variables are reported as median with interquartile
range (IQR) and number with percent (%), respec-
tively. For comparisons between those who did and
did not receive ICU care, continuous variables were
compared using nonparametric Wilcoxon rank-sum
tests. Categorical variables were compared using chi-
square or Fisher exact tests. It is likely that at certain
participating sites, children with COVID-19-positive
status got admitted to ICU for the purpose of iso-
lating them rather than medical reasons. Therefore,
a logistic regression with a random effect for site was
performed to assess univariate associations with ICU
admission. Multivariate logistic regression was per-
formed to assess the factors associated with ICU ad-
mission. All variables with p value of less than 0.2 in
univariate analysis were considered in a full multivar-
iate regression model. Potential collinearity of covari-
ates was assessed by calculating correlation coefficients
and the variance inflation factors (VIFs) from the full
model. When a correlation was greater than 0.8 and
the VIF greater than 4, investigators determined how
to consolidate or remove predictors for interest in the
final model. For example, as various measures of BMI
were correlated with both the outcome and each other,
the investigators decided to use one measure (percent
BMI) in the full model. After determining the full
model and examining the extent of data with complete
covariate information, investigators decided to im-
plement multiple imputation techniques to assess the
sensitivity of the odds ratio (OR) estimates using only
the complete case information compared with mul-
tiple imputed datasets. Multiple imputation was con-
ducted in SAS Version 9.4 (SAS Institute, Cary, NC)
via PROC MI and PROC MI ANALYZE with 10
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TABLE 1.

Demographics and Clinical Characteristics Among Pediatric Coronavirus Disease 2019
Patients and Comparison of ICU Versus Non-ICU Admissions

Category and Subcategory

Total

(N = 874)

Non-ICU
(N =470)

icu
(N =404)

Age (yr), median (interquartile range) 8 (1.25-14) 5.67 (0.74-13.7) 10.0 (3.0-15.0) <0.01
Neonate, n (%) 6 (4.1) 5 (5.3) 1(2.7) <0.01
Infant, n (%) 217 (24.7) 146 (31.0) 1 (17.6)

Child, n (%) 296 (83.7) 144 (30.6) 152 (37.6)
Adolescent, n (%) 325 (37.2) 155 (32.9) 170 (42.1)

Sex (males), n (%) 473 (54.1) 252 (53.6) 221 (54.7) 0.78

Race, n (%)

White 379 (43.3) 210 (45.2) 169 (41.8) 0.53
Black 212 (25.8) 105 (22.6) 107 (26.5)

Other? 230 (26.4) 122 (26.2) 108 (26.7)

Unknown 53 (6.1) 27 (5.8) 20 (4.9)

Symptoms, n (%)

Fever 586 (67.0) 307 (65.2) 279 (69.1) 0.25
Nausea, vomiting 296 (33.9) 132 (28.0) 164 (40.6) < 0.01
Cough 264 (30.2) 135 (28.7) 129 (31.9) 0.33
Abdominal pain 211 (24.1) 3(19.7) 118 (29.1) <0.01
Myalgia/fatigue 186 (21.3) 80 (17.0) 106 (26.2) < 0.01
Dyspnea 183 (20.9) 7 (14.2) 116 (28.7) <0.01
One symptom 144 (16.4) 4 (20) 0(12.4) < 0.01
Two symptoms 148 (16.9) 2 (19.5) 6 (13.9) 0.03
Three symptoms 169 (19.3) 9 (18.9) 0(19.8) 0.73
>4 symptoms 413 (47.2) 195 (41.4) 218 (54.0) <0.01

Any comorbidity, n (%) 378 (43.2) 194 (41.2) 194 (48.0) 0.04

>2 comorbidities, n (%) 209 (23.9) 9 (21.0) 110 (27.2) 0.03
Asthma 101 (11.5) 4 (9.3) 7 (14.1) 0.02
Seizure disorder 67 (7.6) 6 (5.5) 1(10.2) 0.01
Obesity 58 (6.6) 8 (3.8) 0 (9.9) <0.01
Developmental delay 57 (6.5) 4 (5.1) 3(8.2) 0.07
Diabetes 25 (2.8) 6 (1.2) 9 (4.7) < 0.01
Cerebral palsy 23 (2.6) 1(2.3) 2 (3.0) 0.67

Body mass index (N = 817), median 19.4 (16.0-25.8) 18.9 (15.4-24.3) 20.1 (16.4-28.0) <0.01

(interquartile range)
Underweight, n (%) 73 (8.9) 41 (9.6) 32 (8.2) 0.05
Normal, n (%) 336 (41.0) 186 (43.5) 150 (38.5)
Overweight, n (%) 110 (13.4) 63 (14.7) 7 (12.1)
Obese, n (%) 298 (36.5) 137 (32.0) 161 (41.2)
(Continued)
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TABLE 1. (Continued)

Demographics and Clinical Characteristics Among Pediatric Coronavirus Disease 2019
Patients and Comparison of ICU Versus Non-ICU Admissions

Total

Non-ICU

Category and Subcategory

Ethnicity (N = 780), n (%)

(N = 874)

(N = 470)

Non-Hispanic 492 (62.9) 255 (60.0) 237 (66.8) 0.05
Hispanic 288 (36.9) 170 (40.0) 118 (33.2)
Multisystem inflammatory syndrome 236 (28.2)° 65 (14.6) 173 (43.8) <0.01

in children (N = 838), n (%)

Other race is represented as Asian-American 13 (1.4%), East Asian 1 (0.1%), Mixed race 12 (1.3%), Native Hawaiian or Pacific Is-
lander 4 (0.4%), other 161 (18.5%), South Asian 31 (3.5%), Southeast Asian 3 (0.3%), West Asian 5 (0.5%), unknown 47 (5.4%).
Missing race in six patients. Body mass index missing in 57 patients. Multisystem inflammatory syndrome in children (MIS-C) categori-

zation only available in 838 patients.

*Of 236 patients with MIS-C, 234 had coronavirus disease 2019 (COVID-19) immunoglobulin G (IgG) levels done, 138 of 234 were

positive for COVID-19 IgG.

Six most common signs and symptoms and six most common comorbidities are presented. Obesity in the comorbidities section (physi-

cian defined only).

imputed datasets. As the fully conditional specification
(FCS) method was amenable to the numerous catego-
rical covariates and has been shown to be comparable
with multivariate normality methods, FCS was applied
to all variables in the full model list (34). No auxiliary
variables were used in the imputation. A p value of less
than 0.05 was considered statistically significant. All
analyses were performed using JMP Pro 15 and SAS
9.4 (SAS Institute, Cary, NC).

RESULTS

A total of 874 children were admitted with COVID-
19 to 51 participating sites (Fig. 1), six sites located
outside the United States, 19 mixed hospitals/ICUs,
and remaining dedicated pediatric hospitals/ICUs.
Of those included in this report, COVID-19 PCR
was positive within 21 days of hospital admission in
766 of 874 (87.6%), and there was a high clinical sus-
picion in an additional 108 of 874 (12.3%). Of 849
total patients with COVID-19 test results available,
417 had testing prior to admission, 428 had testing
on or after admission, and four were unknown; 232
patients had COVID tests performed on multiple
days. Of 845 patients in whom sample acquisition
was reported to the registry, most common was na-
sopharyngeal swab (807/845; 95.7%) with sputum/
tracheal aspirate samples in eight of 845 (0.95%),

e44 www.ccmjournal.org

Children <18 Years in VIRUS Registry
(02/2020-01/2021) n=1134

Excluded:
Investigator
request 10; Missing
gender (1); weight (89);
hospital discharge
status (132); missing
hospital length of sta
(15); Incidental COVI
diagnosis (7); repeat
admission (1); No prior
research authorization
(3); Duplicate entries (2)

Patients Included in the
Analysis
n=874

Country of Origin for
Patients included in the
Analysis:
Croatia n=6
India n=12
Japan n=1
Nigeria n=1
Pakistan n=15
Saudi Arabia n=2
USA n=837

l I

ICU admission No ICU admission
n=404(46.2%) n=470 (53.7%)

Figure 1. Consort diagram demonstrating the final sample size of
children who were hospitalized with coronavirus disease (COVID)
2019 at participating sites and included in our analysis. VIRUS =
Viral Infection and Respiratory lliness Universal Study.

bronchoalveolar lavage in two of 845 (0.24%), and
other in 26 of 845 (3.08%).
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TABLE 2.

Outcomes Among All Patients, Non-ICU and ICU Patients and Hospital and ICU Length
of Stay (Mean % sp and Median [Interquartile Rangel) Among All Patients, Survivors, and

Nonsurvivors

Outcomes

Non-ICU

Category and Subcategory

Hospital length of stay?* (n = 857), median
(interquartile range)

ICU length of stay* (n = 379), median (interquartile
range)

Invasive ventilator days? (n = 74), median
(interquartile range)

Noninvasive ventilator days? (n = 78), median
(interquartile range)

High-flow nasal cannula days? (n = 92), median
(interquartile range)

4 (1.9-75)

3.9 (2-7.7)

4.7 (1.5-7.9)

2.0 (0.9-4.3)

2.2 (0.9-3.8)

(N = 470)
2.2 (1.4-4.6)

NA

1.21 (0.02-3.05)°

3.0 (2.07-7.36)

1.32 (0.32, 7.88)

Hospital mortality (n = 874), n (%) 16/874 (1.8) 1 (0.21)
ICU mortality® (n = 874), median (interquartile range) 13/874 (1.4%) NA
28-d vital status®, n (%)
Alive 679 (86.3)
Loss to follow-up or unknown 106 (13.4)
Deceased 2 (0.3)
New O, requirement at discharge (N = 812), n (%) 14 (1.7) 5(1.13)
Hospital discharge location (N = 851), n (%)
Home with home health® 28 (3.3) 5 (1.08)
Home without assistance 804 (94.5) 452 (97.20)
Long-term care facility (0.2) 0 (0)
Subacute rehabilitation 5 (0.6) 0 (0)
Other hospital (overflow) 1(0.1) 1 (0.22)
Other 11 (1.3) 7 (1.51)
Length of Stay Among Survivors and Nonsurvivors
LOS (d) Survivors
Hospital LOS n =874 n= 857
Mean * sp 6.92 + 11.69 6.87 £ 11.74
Median (interquartile range) 4 (1.9-759) 4 (1.90-7.5)
ICU LOS n=404 n =379
Mean % sp 710 £ 13.33 701 £ 13.46
Median (interquartile range) 3.99 (2-8) 3.91 (2-7.67)

Icu
(N =404)
6.3 (3.7-11) <0.0001
3.9 (2-7.7)

5 (1.74-8.81) 0.06
1.94 (0.63-4.30)  0.09
2.22 (1.06,3.81)  0.55
15 (3.71) <0.01

13 NA
9 (1.11) 0.18
<0.01
23 (5.96)
352 (91.19)

2 (0.52)

5(1.3)

0 (0)

4 (1.04)

Nonsurvivors

n=17
9.63 £ 8.95
5.55 (2.26-18.75)
n=25
9.63 £ 8.95
5.55 (2.26-18.75)

LOS = length of stay, NA = not available.
aSurvivors only.

*|CU mortality = number of ICU deaths as a proportion of the whole cohort.

¢28-d status—missing information in 72 patients.

“Home with home health = patient discharged home with a provision of a wide range of healthcare services given in his/her home for an

illness or injury.

¢This is explained by tracheostomy patients not being admitted to ICU.
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Demographic Characteristics, Clinical
Characteristics on Presentation and
Comorbidities

Demographics, clinical characteristics, resource utili-
zation, and outcomes are detailed in Tables 1-3 and
SDC Table 1 (http://links.lww.com/CCM/G618) and
SDC Table 2 (http://links.Iww.com/CCM/G618).

Hospital Course

Based on PRISM-III score at ICU admission, among
the ICU cohort, approximately 83% of children had
mild, 15.2% had moderate, and 1.7% had severe ill-
ness (Table 3). Among hospitalized children, 200 of
874 (22.8%) received oxygen via nasal cannula. Of
858 children in whom data on respiratory support
were available, 92 (10.7%) received high-flow nasal
cannula (HFNC), whereas 78 (9%) received noninva-
sive ventilator (NIV) and 74 (8.6%) received invasive
mechanical ventilatory support. Shock necessitating
inotrope support was reported in 67 of 874 children
(7.6%), whereas renal replacement and extracorporeal
therapies were used in a minority, one of 874 children
(0.1%) and nine of 874 children (1.03%), respectively.

Outcomes

Of 874 children hospitalized for COVID-19 in
our study, 404 (46.2%) were admitted to the ICU.
Hospital mortality was 16 of 874 (1.8%). Hospital
and ICU LOS were 4 days (1.9-7.5 d) and 3.9 days
(2-7.7 d), respectively (Table 2). Among 152 chil-
dren who were ventilated, the duration of invasive
and NIV was 4.7 days (1.5-7.9 d) and 2.0 days (0.9-
4.3 d), respectively (Table 2). A majority (804/851
[94.5%]) of children were discharged home without
assistance. Of 787 patients in whom 28-day outcome
data were reported, 679 (86.4%) were reported as
“alive,” 106 (13.4%) as “unknown” status, and two
(0.2%) as “dead” (Table 2).

There were several differences between patient dem-
ographics and clinical characteristics among ICU ad-
mission versus general floor admission (Tables 1 and 2).
On univariate analysis, patients admitted to ICU were
more likely to be older (10.0 [3.0-15.0] vs 5.67 [0.74—
13.7]; p < 0.01), have higher BMI (20.1 (16.4-28.0) vs
18.9 [15.4-24.3]; p < 0.01), and meet CDC MIS-C cri-
teria (43.8% vs 14.6%; p < 0.01).
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TABLE 3.

Admission Characteristics Including
Severity of lliness Among coronavirus
disease 2019 PICU Patients

Value,
Category N n (%)
Source of admission 872
Home 7 (9.9)
Hospital ED 558 (64.0)
Outside ED 133 (15.2)
Transfer 2 (7.0)
Nursing home 1(0.1)
Other 31 (3.5)
Country 874
United States 837 (95.8)
Others 7 (4.2)
ICU admission (yes)? 874 404 (46.2)
Multisystem inflammatory 838 236 (28.2)
syndrome in children (yes)
Hospital day patient admitted to ~ 382 0 (0-1)
the ICUP, median (interquartile
range)
PRISM-Ill score, median 342 3 (0-8)
(interquartile range)
PRISM-IIl score categories 342
Mild (< 10) 284 (83.0)
Moderate (10-19) 52 (15.2)
Severe (> 19) 6 (1.7)
Hospital mortality 874 16 (1.8)

ED = emergency department, PRISM-IIl = Pediatric Risk of
Mortality-Third Edition.

2/CU admission source: hospital ED 220 (59.3%), hospital floor/
ward 63 (17.0%), operating room 3 (0.8%), other 6 (1.6%),
outside ED/hospital (transfer) 65 (17.5%), outside ICU (transfer)
14 (3.8%) (total data available on 371 patients), number of
patients admitted directly to ICU 232 (57.4%).

*Hospital day patient admitted to the ICU represents duration of
stay in hospital prior to ICU admission.

Other countries: Croatia 6 (0.6%), India 12 (1.3%), Japan 1

(0.1%), Nigeria 1 (0.1%), Pakistan 15 (1.7%), and Saudi Arabia 2

(0.2%)).

In the multivariate analysis, after adjusting for vari-
ables with p value of less than 0.2 in univariate assess-
ment, the final full model included age, pre-existing
seizure disorder, asthma, fever, BMI, MIS-C, race, and
nausea. Examination of VIF and correlations indicated
no concerns with collinearity. There were no more
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White (43.3%), non-His-

MIS-C Criteria=] | 0
BMI— 3
Fever- | 4

Asthma= F—h—]

Seizure Disorder=| I

*

Age (years)—] L 4
Nausea/Vomiting = F—
Race Other (Ref: White)=  |—&—]

Race Black (Ref: White) ] F—

5.78 (3.75, 8.91); p<0.0001

panic (62.9%), and over-
weight/obese (50%) with a
slight male preponderance
(~1.2:1). Although 46.2%
of children in our study re-
ceived ICU-level care, 83%
of those admitted to ICU
had mild disease based on
PRISM-III illness severity

1.00 (1.00, 1.01); p=0.11
0.67 (0.45, 0.98); p=0.04
1.40 (0.83, 2.35); p=0.22
3.46 (1.88, 6.40); p<0.0001
1.04 (1.01, 1.07); p=0.004
1.27 (0.88, 1.84); p=0.20
0.87 (0.57, 1.33); p=0.52

1.33 (0.84, 2.11); p=0.22

T T
0 1 2 3 4 5 6 7 8
Odds Ratio (95% Confidence Interval)

scores at ICU admission,

) 10
and overall outcomes were

Figure 2. Forest plot depicting multivariate analysis of risk factors for ICU admission with final

model estimates (analysis of the full model).

than 7% missing data for any single covariate (6.5%
missing BMI percent, 4.1% missing CDC MIS-C cri-
teria). Estimated adjusted ORs for the full multivariate
model are presented in Figure 2. The full model in-
cluded 782 of 874 individuals with complete covariate
information (89%). Age, MIS-C criteria, seizure dis-
order, and nausea remained significant predictors in
the model associated with ICU admission (p < 0.05).
The complete case full model estimated a 5.9 (3.8-9.1)
(p < 0.0001) greater odds of patients who met CDC
MIS-C criteria being admitted to the ICU and a 3.4
(1.9-6.4) (p < 0.0001) greater odds for patients with
seizure disorder as a pre-existing condition being
admitted to ICU. Indication of fever was also asso-
ciated with admission (OR, 0.67; 95% CI, 0.45-0.98;
p = 0.04). For every 1-year increase in age, there was a
4% (1.01-1.08%) (p = 0.003) increase in odds of ICU
admission (Fig. 2). The model estimates using mul-
tiple imputation remained consistent in direction with
reduced standard errors (data not shown). MIS-C and
pre-existing seizure disorder were also associated with
ICU admission in sensitivity analyses comparing esti-
mates from both univariate models and multivariate
models with imputed data.

DISCUSSION

Our study summarizes findings of a large, multicenter
registry of children hospitalized with COVID-19 over
the sampling period February 2020 to January 2021.
Our report is the largest to characterize 28-day out-
comes in hospitalized children with COVID-19. A good
proportion of the patients were 6-18 years old (71%),

Critical Care Medicine

favorable with hospital and
ICU mortality, 1.8% and
1.4%, respectively.

As compared with previous, multicenter published
reports (8, 22, 35-37), our study reported a compar-
atively larger number of critically ill children and
examined hospital and ICU LOS, 28-day vital status,
and factors associated with ICU admission. The me-
dian age of 8 years in our study was similar to that re-
ported by Chinese studies (7, 34) but older than what
has been reported among European cohorts (22, 36,
37) and younger than other American cohorts (8, 38).
Our study did not include asymptomatic subjects.
Although fever has been reported to be the most
common presenting complaint among children with
COVID-19 in many registries (7, 8, 22-24, 37-39),
including the VIRUS registry, in our cohort, gas-
trointestinal manifestations were more common as
compared to other studies. The greater proportion of
children presenting with gastrointestinal manifesta-
tions may be confounded by the fact that MIS-C was
diagnosed in a larger proportion (28.3%) as com-
pared to the recent report from the United Kingdom
(11%) (37).

In our study, 43.2% of children exhibited at least
one comorbidity, similar to what has been reported
by the CDC in the United States and recently pub-
lished reports from the United Kingdom (24, 37, 38),
as opposed to other prior studies (8, 22). Similar to the
findings of Gotzinger et al (22) and Sachdeva et al (23),
chronic respiratory disease, especially asthma, was the
most common comorbidity in our cohort. In contrast,
Swann et al (37) reported neurologic comorbidity as
the most frequently occurring comorbidity. Compared
with the 83% of critically ill children with comorbidi-
ties reported by Shekerdemian et al (8), we noted 48%
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of critically ill children with similar characteristics.
This could be related to overall differences in geo-
graphical distribution and patient mix at participating
sites of the two registries and different definitions of
comorbidities used between the studies.

We reported 83% of ICU patients with mild illness
at ICU admission based on admission PRISM-III score
compared with 51% of children with mild illness pre-
viously reported based on clinical and laboratory find-
ings (35). In short, the majority of ICU patients (98.2%)
in our study demonstrated mild-to-moderate disease
on ICU admission and a corresponding low mortality
rate. In a recent report of COVID-19 among hospital-
ized children in the United Kingdom, only 18% of chil-
dren were admitted to ICU (37), as compared to 46.3%
of children admitted to the ICU in our study. This
could be related to the number of participating sites
with ICU capabilities (20/138 sites in the U.K. study
vs all 51 participating centers in our study), the dif-
ference in overall availability of ICU beds between the
two countries (much higher in the United States), the
number of MIS-C cases (11% in UK. study vs 28.3%
in our study), and profile of participating investigators
(the majority being pediatric intensivists in our study,
prioritized entering ICU patients in the registry).

Among critically ill children in our study, ICU
interventions were similar to the U.K. study (37) but
much higher when compared with other reports from
China (7, 35). We expected that a larger proportion of
critically ill children with respiratory failure would be
intubated due to concern for aerosolization and viral
exposure to healthcare workers associated with the
use of HFNC and NIV. However, most critically ill
children with respiratory failure were supported with
HENC and/or NIV.

In adults admitted with COVID-19, mortality is
associated with specific risk factors such as older age
and obesity (39). Mortality in our study was lower than
in adults, and as such, the risk factors for death could
not be assessed in multivariate regression. Instead, we
sought to evaluate associations with ICU admission.
In a multicenter report examining a European registry,
multivariate analysis demonstrated that male sex, age
less than 1 month, lower respiratory tract infection at
presentation, and presence of comorbidities were as-
sociated with ICU admission (22). In this European
study, only 48 of 582 COVID-19 patients (8.2%) were
critically ill (22). In the study by Swann et al (37),
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African American race, age under 1 year, and between
10 and 14 years were independently associated with
the risk of ICU need (37).

The strength of our study is that it reflects a multi-
center registry involving 51 centers. To date, this is one
of the largest reports of pediatric COVID-19. In our
study, a much larger sample size of critically ill chil-
dren (n = 404) allowed for appropriate logistic regres-
sion analysis of factors associated with severe disease,
age, seizure disorder, and MIS-C diagnosis being the
only factors that remained independently associated
with ICU admission. Manual data collection and sev-
eral iterations of data quality checks support our find-
ings’ robustness and generalizability to facilitate the
design of specific hypothesis-driven research studies.

There are several limitations of our study. Similar
to all multicenter registries, analysis of the data may
be limited by data integrity and validation issues at
participating sites. It is unknown whether all patients
with COVID from each site were entered into the
database, and thus, there may be some bias on the
results. The uniform data collection, consistent defini-
tions, numerous data quality checks, and large sample
size were intended to minimize these sources of bias.
Due to retrospective nature of the study, it is possible
that nonspecific symptoms may not have been docu-
mented, and this may have impacted the conclusions
that can be made around symptoms and also the con-
fidence with which the number of symptoms present
can be categorized. Also, the retrospective design lim-
ited the ability of gathering the granular data at admis-
sion capabilities and any change in admission pattern
over time. There is a possibility that there is an overlap
of the patients reported in the SCCM VIRUS registry
with the prior reported patients. Notably, 120 of 874
patients (13.7%) participated in COVID-19 clinical tri-
als or prospective studies; we do not know how many
were included in COVID-19 reports published in the
literature. Another potential limitation of our study was
sampling bias based on a general priority of including
patients admitted to the ICU, regardless of indication.
We also acknowledge that it is possible that the pro-
portion of patients with mild illness admitted to the
ICU decreased over time as knowledge of the disease
increased. Unfortunately, given the constraints of the
database, the study cannot confirm this. The VIRUS
database did not allow identification of children with
medical complexity (CMC); therefore, our study could
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not determine whether prevalence of CMC diftered be-
tween ICU and non-ICU patients. Also, a significant
proportion of the patients did not have baseline and
follow-up Functional Status Scores in VIRUS database,
and therefore, we could not conduct a meaningful anal-
ysis related to functional outcomes. Since a large ma-
jority of sites were in the United States, this report may
not truly reflect the global landscape of characteristics
and outcomes of children hospitalized with COVID-19.

CONCLUSIONS

This large, multicenter COVID-19 registry describes
the characteristics and outcomes of hospitalized chil-
dren with confirmed or suspected COVID-19 volun-
tarily reported to the VIRUS registry. In multivariate
regression analysis, age, baseline seizure disorder, and
MIS-C were independently associated with ICU ad-
mission. Hospital and 28-day mortality in children
were lower than mortality reported in adults, and the
overwhelming majority of children were discharged
home, requiring no long-term assistance.
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