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OBJECTIVES: To compare clinical characteristics and outcomes of children 
admitted to the PICU for severe acute respiratory syndrome coronavirus 2–re-
lated illness with or without multisystem inflammatory syndrome in children. The 
secondary objective was to identify explanatory factors associated with out-
come of critical illness defined by a composite index of in-hospital mortality and 
organ system support requirement.
DESIGN: Retrospective cohort study.
SETTING: Thirty-eight PICUs within the Viral Infection and Respiratory Illness 
Universal Study registry from March 2020 to January 2021.
PATIENTS: Children less than 18 years with severe acute respiratory syn-
drome coronavirus 2–related illness with or without multisystem inflammatory 
syndrome in children.
MEASUREMENTS AND MAIN RESULTS: Of 394 patients, 171 (43.4%) had 
multisystem inflammatory syndrome in children. Children with multisystem inflam-
matory syndrome in children were more likely younger (2–12 yr vs adolescents;  
p < 0.01), Black (35.6% vs 21.9%; p < 0.01), present with fever/abdominal pain 
than cough/dyspnea (p < 0.01), and less likely to have comorbidities (33.3% vs 
61.9%; p < 0.01) compared with those without multisystem inflammatory syndrome 
in children. Inflammatory marker levels, use of inotropes/vasopressors, corticoste-
roids, and anticoagulants were higher in multisystem inflammatory syndrome in chil-
dren patients (p < 0.01). Overall mortality was 3.8% (15/394), with no difference 
in the two groups. Diagnosis of multisystem inflammatory syndrome in children was 
associated with longer duration of hospitalization as compared to nonmultisystem in-
flammatory syndrome in children (7.5 d[interquartile range, 5–11] vs 5.3 d [interquar-
tile range, 3–11 d]; p < 0.01). Critical illness occurred in 164 patients (41.6%) and 
was more common in patients with multisystem inflammatory syndrome in children 
compared with those without (55.6% vs 30.9%; p < 0.01). Multivariable analysis 
failed to show an association between critical illness and age, race, sex, greater than 
or equal to three signs and symptoms, or greater than or equal to two comorbidities 
among the multisystem inflammatory syndrome in children cohort. Among nonmulti-
system inflammatory syndrome in children patients, the presence of greater than or 
equal to two comorbidities was associated with greater odds of critical illness (odds 
ratio 2.95 [95% CI, 1.61–5.40]; p < 0.01).
CONCLUSIONS: This study delineates significant clinically relevant differences 
in presentation, explanatory factors, and outcomes among children admitted 
to PICU with severe acute respiratory syndrome coronavirus 2–related illness 
stratified by multisystem inflammatory syndrome in children.
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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Since the early description of coronavirus disease 
2019 (COVID-19) (1), many reports have been 
published on its characteristics and outcomes in 

both adults and children (2–5). As opposed to the se-
vere, often fatal disease in the elderly population (6), 
studies examining pediatric patients have shown lower 
mortality (4, 5). However, there is a subset of children 
with COVID-19 who present with sepsis/shock-like 
features (7). On May 14, 2020, the Centers for Disease 
Control and Prevention (CDC) published a surveil-
lance definition for this condition known as multisys-
tem inflammatory syndrome in children (MIS-C) (8).  
Reports on the clinical characteristics, outcomes, 
and treatment of patients with MIS-C have now been 
published (9). Two studies have compared pediatric 
patients with and without MIS-C, including a study 
from United Kingdom (10), and more recently, the 
CDC (11), which have covered periods up to July 
and October 2020, respectively. However, none of the  
studies captured patient characteristics during the 
third wave in the United States (November 2020 to 
January 2021).

Prior studies have used ICU admission as the crite-
rion for critical COVID-19 (4, 9). However, available 
resources may lead to significant heterogeneity in ICU 
admission criteria between centers. This issue has likely 
been confounded by hospital resource management 

planning whereby COVID-19 patients are cohorted, 
often to the ICU. Therefore, studies using ICU ad-
mission as the criterion to define critical illness may 
be limited in providing an accurate picture of critical 
COVID-19 in children (4). In this report, we have used 
the “Society of Critical Care Medicine (SCCM)” Virus 
Infection and Respiratory Illness Universal Study 
(VIRUS) registry (COVID-19 Registry [sccmcovid19.
org]) (12, 13) to study a period of COVID-19 that is 
inclusive of the third wave of the disease in the United 
States. Our primary objective is to describe the PICU 
admissions stratified by the presence or absence of 
MIS-C. Our secondary objective is to identify explana-
tory factors associated with the critical illness stratified 
by MIS-C and non–MIS-C.

MATERIALS AND METHODS

We performed a retrospective review of SCCM’s 
VIRUS registry (NCT 04323787). The VIRUS study 
has been approved by the Mayo Clinic Institutional 
Review Board (IRB) (number 20-002610) and by 
the IRBs of all the participating centers. All patients 
(birth to < 18 yr) for whom data were entered into 
the VIRUS registry from March 2020 to January 2021 

AT THE BEDSIDE

• � Although prior literature in this field describes 
the clinical course of children with SARS-CoV-2 
disease, we have focused on patients with 
organ dysfunction and mortality in order to de-
lineate findings for those with or without MIS-C.

• � This study provides further insight into explan-
atory factors associated with critical SARS-
CoV-2 disease in children stratified by MIS-C, 
which may allow clinicians to better risk-stratify 
these patients.

• � Future research in pediatric SARS-CoV-2 dis-
ease—stratified by MIS-C and non–MIS-C 
disease—is needed in clarifying therapeutic 
and management decisions, addressing con-
sequences of racial disparity, and better under-
standing the impact of obesity.

REPORT IN CONTEXT

• � Children suffer from two forms of severe acute 
respiratory syndrome coronavirus 2 (SARS-
CoV-2) disease: multisystem inflammatory 
syndrome in children (MIS-C) and non–MIS-C. 
There is a paucity of literature comparing these 
entities in pediatric critical care.

• � The rapid development of knowledge related to 
SARS-CoV-2 disease in children has led to nu-
merous studies across a range of disease se-
verity. However, there has been limited focus on 
critical illness requiring organ support or result-
ing in death.

• � This report highlights differences between 
MIS-C and non–MIS-C SARS-CoV-2 disease 
related to their presentation, clinical character-
istics, management, and outcomes among crit-
ically ill children and suggests future research 
areas as our understanding of these entities 
continue to evolve.
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were included in the current report. Patients admit-
ted to the PICU with a non–COVID-19 related reason 
for admission or readmission were excluded from the 
VIRUS registry. We also excluded the following PICU 
patients: those with missing essential demographic 
data (weight, sex) or incomplete outcome variables 
(hospital discharge status and hospital length of stay 
[LOS] ); those in whom MIS-C status (i.e., presence 
or absence) was unknown; and one patient with a di-
agnosis of trauma as the primary reason for admis-
sion. No further exclusions based on signs/symptoms 
or admission diagnosis were applied during analysis. 
There is the possibility of significant overlap between 
the patients included in the VIRUS registry and those 
already reported in the literature. Therefore, in keeping 
with current reporting recommendations (14), we have 
provided details of VIRUS centers from which similar 
data may have been reported elsewhere. Of note, we 
sent out a survey to VIRUS participating centers to de-
lineate overlapping involvement in research projects, 
and we have also assessed the potential that the current 
report has patients that overlap with existing publica-
tions (SDC, http://links.lww.com/PCC/B784).

Measurements

Demographic, clinical characteristics, management, 
outcomes, and severity of illness data were extracted 
from the VIRUS Research Electronic Data Capture 
(REDCap) database (15), and patients were classified 
as either MIS-C or non–MIS-C cases. Adjudication of 
MIS-C was performed by individual sites based on CDC 
criteria (16) and not by the VIRUS research team. Data 
were reviewed for completeness and categorized. Age 
was stratified into discrete categories: neonate (≤ 28 d), 
infant (>28 d to < 2 yr), child (≥ 2 to < 12 yr), and ado-
lescent (≥ 12 yr) (17). For children greater than or equal 
to 2 years, body mass index (BMI) percentiles were 
calculated based on the CDC growth variables using 
R package childsds (V0.7.6) (18). Percentiles were clas-
sified as underweight, normal, overweight, and obese 
using the CDC criteria (19). There were 26 categories of 
signs and symptoms, 41 pediatric comorbidities, and 36 
categories of COVID-19–related complications in the 
VIRUS registry report. These were organized into organ 
system groups based on potential clinical relevance. For 
example, constitutional signs and symptoms included 
fever, chills, myalgia, malaise, night sweats, lymphad-
enopathy, rash, or arthralgia. Brain natriuretic peptide 

(BNP)/pro-BNP elevation was included as a discreet 
complication (yes/no) in the database and was included 
as such in the analysis. Patients with presenting signs or 
symptoms in greater than or equal to three organ sys-
tems and greater than or equal to two comorbidities 
were separately evaluated. Pediatric Risk of Mortality 
(PRISM) III score (20) was determined using the online 
calculator if a summative score was not already entered 
by the individual site (21). Patients with evidence of 
other respiratory viral infections were categorized as 
“viral coinfection.” Patients with concurrent blood, 
urine, or respiratory bacterial infections were combined 
into a category of “bacterial coinfection.” Medications 
administered and entered into the database on days 0, 
1, 2, 3, 7, 14, or 21 were evaluated. Laboratory mark-
ers suggestive of inflammation (i.e., applicable lowest 
or highest values on day 0, 1, or 2), including total leu-
kocyte count, platelet count, C-reactive protein, pro-
calcitonin, ferritin, interleukin-6, serum albumin, and 
alanine transaminase, were extracted and evaluated.

Outcome Measures and Exposure of Interest

The outcome variables included hospital and ICU LOS 
(among survivors) and mortality at hospital discharge. 
The secondary outcome (critical illness) was a com-
posite index of in-hospital mortality and organ sup-
port requirement, defined as a need for one or more of 
the following: 1) positive pressure ventilation (invasive 
or noninvasive); 2) vasoactive-inotropic support; 3) 
pulmonary vasodilator therapy (inhaled nitric oxide, 
epoprostenol); 4) extracorporeal life support; and/or 5) 
new renal replacement therapy. This classification was 
adapted from the National Institutes of Health (NIH) 
definition of critical COVID-19 (22) although with the 
utilization of more objective organ support variables. 
Patients admitted to the ICU but who did not require 
interventions mentioned above were categorized as 
having a moderate illness.

Statistical Analysis

Descriptive statistics were performed for continuous 
and categorical variables reported as median with in-
terquartile range (IQR) and number with percentages, 
respectively. The nonparametric Wilcoxon rank-sum 
test was used for continuous variables and chi-square 
or Fisher exact test for categorical variables as appro-
priate. Multivariable logistic regression was performed 

http://links.lww.com/PCC/B784
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to assess explanatory factors associated with critical 
COVID-19 illness compared with moderate illness 
(separately for MIS-C and non–MIS-C). Odds ratios 
(ORs) and 95% CIs (95% CI) are presented. We a priori 
identified potential confounders with various expo-
sures and outcomes. Age (dichotomized as adolescent 
or nonadolescent), race (Black, White, and others), sex, 
greater than or equal to three signs/symptoms in dif-
ferent organ systems, and greater than or equal to two 
comorbidities were included in the model. As both 
PRISM III and MIS-C assess the severity of disease in 
their definitions, we reasoned that there was too much 
overlap with our primary outcome to include them in 
the models without introducing bias. Collinearity was 
assessed using the variance inflation factor (23). Missing 
data were assumed to be missing completely at random 
(MCAR), and a complete case analysis was performed 
(24). A p value of less than 0.05 was considered signif-
icant. Statistical analysis was performed using JMP Pro 
Version 14.2.0 and SAS V9.4 (SAS Institute, Cary, NC). 
This study’s reporting conforms to The Strengthening 
the Reporting of Observational Studies in Epidemiology 
statement (SDC, http://links.lww.com/PCC/B784).

RESULTS

A total of 1,134 patients less than 18 years were entered 
into the VIRUS registry from March 2020 to January 
2021. Complete outcome data on patients meeting in-
clusion criteria were available for 884 patients, of which 
406 were admitted to the ICU (45.9%). Twelve patients 
were excluded because their MIS-C status was un-
known. Data were analyzed for 394 ICU patients from 
38 centers (6 countries, 92.6% [365/394] in the United 
States). Out of this cohort, 171 (43.4%) were admitted 
with MIS-C and 223 (56.5%) without MIS-C (Fig. 1). 
Overall, 81.7% of patients had a positive polymerase 
chain reaction (PCR) test for severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2). Almost all 
patients without MIS-C had positive PCR (213/223; 
95%). SARS-CoV-2 antibody information was avail-
able for 151 patients, most of them in the MIS-C  
(n = 126) group, with an 83.3% positivity rate (Table 1).

Comparison of MIS-C and non-MIS-C 
Presentation

The median age of the cohort was 10 years (IQR, 
3.1–15 yr). Although the two groups’ median age was 

similar, there were significant differences in the dis-
tribution of age categories between the MIS-C and 
non–MIS-C. Black patients comprised 26.4% of ICU 
admissions. There was a significant difference in racial 
distribution (p < 0.01) between the two groups, with 
a higher proportion of Black patients in the MIS-C 
group compared with the non–MIS-C group (35.6% vs 
21.9%, respectively). Obesity was present in 44.1% of 
all ICU admissions (134/304) in children greater than 
or equal to 2 years, but there was no difference in the 
proportion of patients across BMI categories in those 
with and without MIS-C.

Fever was the most common presenting symptom 
occurring in 70.6% (278/394). Significant differences 
were noted in the distribution of presenting signs and 
symptoms between MIS-C and non–MIS-C. MIS-C 
patients had a higher prevalence of fever, abdominal 
pain, and nausea/vomiting. In comparison, non–MIS-
C patients more often had cough and dyspnea. Almost 
50% of all patients (195/394) had comorbidities. The 
prevalence of comorbidities was lower in MIS-C 
(33.3% [57/171]) vs non–MIS-C (61.9% [138/223])  

Figure 1. Patient recruitment consort diagram. MIS-C = 
multisystem inflammatory syndrome in children, VIRUS = Viral 
Infection and Respiratory Illness Universal Study.

http://links.lww.com/PCC/B784
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TABLE 1. 
Demographic Distribution

Category Subcategory

Total 
COVID  
Cohort  

(n = 394),  
n (%)

MIS-C  
(n = 171),  

n (%)

Non-MIS-C  
(n = 223),  

n (%) p

Age (yr), median  
(interquartile range)

 10  
(3.1–15.0)

8.7  
(5.0–13)

10.8  
(1.8–15)

0.64

Age categoriesa Neonate 10 (2.5) 1 (0.6) 9 (4.0) < 0.01

 Infant 71 (18.0) 23 (13.5) 48 (21.5)  

 Child 148 (7.6) 85 (49.7) 63 (28.2)  

 Adolescent 165 (41.9) 62 (36.3) 103 (46.2)  

Sex Males 218 (55.3) 103 (60.2) 115 (51.6) 0.10

Raceb Black 104 (26.4) 57 (35.6) 47 (21.9) < 0.01

 White 164 (41.6) 70 (44.90) 94 (43.7)  

 Other 106 (26.9) 32 (10.1) 74 (34.4)  

Ethnicityc Hispanic 111 (32.2) 38 (27.3) 73 (35.4) 0.17

Body mass index categoriesd Underweight 23 (7.4) 8 (5.5) 15 (9.4) 0.44

 Normal 111 (36.5) 57 (39.3) 54 (34.0)  

 Overweight 36 (11.8) 19 (13.1) 17 (10.7)  

 Obese 134 (44.1) 61 (42.1) 73 (45.9)  

Countrye % United States 365 (92.6) 169 (93.0) 206 (92.4) 0.85

Symptomsf Fever 278 (70.6) 154 (90.6) 124 (55.6) < 0.01

 Nausea/vomiting 163 (41.4) 99 (57.9) 64 (28.7) < 0.01

 Cough 128 (32.5) 41 (24.0) 87 (39.1) < 0.01

 Abdominal pain 118 (29.9) 80 (46.8) 38 (17.0) < 0.01

 Dyspnea 116 (29.4) 31 (18.3) 85 (38.1) < 0.01

≥ 3 signs or symptomsg Yes 229 (58.1) 123 (71.9) 106 (47.5) < 0.01

Comorbidities Yes 195 (49.5) 57 (33.3) 138 (61.9) < 0.01

≥ 2 comorbidities  110 (28.0) 25 (14.6) 85 (38.1) < 0.01

Comorbidity categoriesh Asthma 58 (14.7) 21 (12.3%) 37 (16.6) 0.32

 Seizures disorder 41 (10.4) 7 (4.1) 34 (15.3) < 0.01

 Developmental delay 33 (8.4) 8 (4.7) 25 (11.2) 0.03

 Diabetes 19 (4.8) 4 (2.3) 15 (6.7) 0.06

 Chronic lung disease/ 
bronchopulmonary  
dysplasia

17 (4.3) 0 (0) 17 (7.6) < 0.01

(Continued)
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(p < 0.01). Patients with MIS-C had higher labora-
tory evidence of inflammation in all eight markers 
analyzed (SDC, http://links.lww.com/PCC/B784). 
Demographics, presenting signs, comorbidities, and 
clinical characteristics are summarized in Table  1 
(SDC, http://links.lww.com/PCC/B784).

Organ Support and Pharmacologic/
Immunomodulatory Therapy

Invasive and noninvasive ventilation was used in 23.1% 
of patients (91/394) and 19.0% of patients (75/394), re-
spectively. No difference was found in the proportion 

Viral coinfection Yes 25 (6.3) 13 (7.65) 12 (5.4) 0.41

Bacterial coinfectioni Blood 19 (4.8) 9 (5.3) 10 (4.5) 0.55

 Urine 33 (8.4) 9 (5.3) 24 (10.8) < 0.01

 Respiratory 16 (4.0) 7 (3.7) 9 (4.0) 0.67

 Overall 60 (15.1) 23 (13.5) 37 (16.6) 0.40

Pediatric Risk of Mortality  
III score, median  
(interquartile range)

 3 (0–8)  
(n = 309)

5 (1.8–9.3)  
(n = 159)

2.0 (0–7)  
(n = 159)

< 0.01

COVID 2019 polymerase  
chain reaction

Positive 322 (81.7) 112 (64.7) 213 (95.0) < 0.01

Severe acute respiratory 
syndrome coronavirus 2 
immunoglobulin Gj

Positive 115/151  
(76.2)

105/126  
(83.3)

10/25 (40) < 0.01

Critical illness k Yes 164 (41.6) 95 (55.6) 69 (30.9) < 0.01

COVID = coronavirus disease, MIS-C = multisystem inflammatory syndrome in children.
a�Neonate (≤ 28 d); infant (> 28 d to < 2 yr); child (≥ 2 to 12 yr); adolescent (≥ 12 yr).
b�Other include Asian-American 10 (2.5%), East Asian 1 (0.2%), Mixed race 5 (1.2%), South Asian 25 (6.2%), South East Asian 1 
(0.2%), West Asian 4 (1.0%), and others 60 (15.1%). Race listed as unknown in 20 patients (excluded from above analysis).

c�Ethnicity missing data on 49 patients (12.4%).
d�Body mass index (BMI) categories only for ≥ 2 yr. Out of 313 patients ≥ 2 yr of age, BMI available for 304 patients (missing data 
on 9 [3.0%] patients).

e�Croatia 2 (0.5%); India 12 (3.0%); Japan 1 (0.2%); Pakistan 12 (3.0%); Saudi Arabia 2 (0.5%).
f, h�Top five sign symptoms and comorbidities. Comparative list of all signs and symptoms and comorbidities provided in SDC (http://links.

lww.com/PCC/B784).
g�Greater than or equal to three signs and symptoms in different organ system categories as presented in SDC (http://links.lww.com/PCC/
B784).

i�Percentage represents positive culture out of total patients. Blood, urine, and respiratory cultures performed on 285, 180, and 54 
patients, respectively.
j�Missing data regarding severe acute respiratory syndrome coronavirus 2 immunoglobulin G on 113 patients (2 [1.1%] MIS-C group and 
111 [49.7%] non-MIS-C). Not done in 43 patients (25.4%) in MIS-C group and 87 patients (77.6%) in non-MIS-C group.
k�Critical disease represents invasive respiratory support (ventilator, nitric oxide) or invasive hemodynamic support (inotropes/vasopressors/
extracorporeal membrane oxygenation) or invasive renal support (new continuous renal replacement therapy/hemodialysis) or hospital mortality.
p values represent comparison between MIS-C and non-MIS-C group. ICU admission source: hospital emergency department 219 (59.7%), 
floor 61 (16.6%), and transfer 78 (21.3%). No significant difference in the admission source between MIS-C and non-MIS-C group.

TABLE 1. (Continued).
Demographic Distribution

Category Subcategory

Total 
COVID  
Cohort  

(n = 394),  
n (%)

MIS-C  
(n = 171),  

n (%)

Non-MIS-C  
(n = 223),  

n (%) p

http://links.lww.com/PCC/B784
http://links.lww.com/PCC/B784
http://links.lww.com/PCC/B784
http://links.lww.com/PCC/B784
http://links.lww.com/PCC/B784
http://links.lww.com/PCC/B784
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of patients with or without MIS-C requiring respira-
tory support, other than supplemental oxygen via face 
mask. Vasopressors/inotropes were used in a quarter of 
the cohort and more often in MIS-C versus non–MIS-
C patients (42.6% [73/171] vs 9.9% [22/224]; p < 0.01).  
Corticosteroids were the most common medica-
tion, administered to 44.3% of patients (176/394). 
Corticosteroid use was more common in MIS-C 
versus non–MIS-C patients (67.3% vs 27.3%; p < 0.01).  
Therapeutic anticoagulation was used in 15.3% of 
patients, with more frequent use in MIS-C patients 
(22.8% [39/171] vs 9.9% [22/223]; p < 0.01) (Table 2).

Outcomes and Complications

In-hospital mortality was 3.8% (15/394), with no differ-
ence identified in MIS-C versus non–MIS-C patients. 
Median ICU and hospital LOS among cohort survi-
vors were 3.8 days (IQR, 2.0–7.7 d) and 6.3 days (IQR, 
3.8–11.0 d), respectively. Hospital LOS among survivors 
was significantly longer in the MIS-C group as compared 
to the non–MIS-C group (7.5 [IQR, 5.0–11.0] vs 5.3 d 
[3.0–11.0 d]; p < 0.01). The median duration of invasive 
ventilation among survivors was 4.9 days (IQR, 1.6–7.2 
d), with no difference between MIS-C and non–MIS-C 
patients. COVID-19–related complications were reported 
in 66.7% (263/394). The proportion of complications by 
organ system and proportion of individual complications 
were higher in MIS-C patients. BNP/pro-BNP elevation 
occurred in 32.7% of MIS-C patients (56/171) compared 
with 3.1% of the non–MIS-C group (7/223) (Table  3) 
(SDC, http://links.lww.com/PCC/B784).

Explanatory Factors and Critical Illness

Critical illness occurred in 41.6% (164/394) and was 
more common among those with MIS-C (55.6% 
[95/171] vs 30.9% [69/223]; p < 0.01) (Table  1). 
Patients with critical illness in the MIS-C group 
were older (median age 10 [IQR, 6–13.4] vs 7 
[IQR, 2–12.8], p < 0.01), with a higher proportion 
of patients greater than or equal to 2 years old, as 
compared to the moderate illness group. There was, 
however, no significant difference in the age distri-
bution of patients with critical and moderate ill-
ness in the non–MIS-C group. A higher proportion 
of patients with critical non–MIS-C had greater 
than or equal to two comorbidities and bacterial  
coinfection (SDC, http://links.lww.com/PCC/

B784). On multivariable analysis including a priori 
defined variables of age (adolescent vs child/infant), 
race, sex, greater than or equal to three signs/symp-
toms in different organ systems, and greater than or 
equal to two comorbidities, we failed to identify any 
associations with critical illness in MIS-C patients 
(Fig. 2A). However, in non–MIS-C patients, the pres-
ence of greater than or equal to two comorbidities was 
associated with greater OR of critical illness (adjusted 
OR, 2.95 [95% CI, 1.6–5.40], p < 0.01) (Fig. 2B).

DISCUSSION

In this report from SCCM’s VIRUS registry (March 
2020 to January 2021), we have provided details of 394 
COVID-19–related PICU admissions from 38 hospi-
tals. We have compared patient demographics, clinical 
course, management received, and outcomes between 
MIS-C and non–MIS-C patients. Additionally, we 
have stratified patients by critical versus moderate ill-
ness and identified unique patient characteristics that 
may relate to the risk-of-development of critical illness 
in the two presentations of pediatric COVID-19.

In this report, MIS-C and non–MIS-C pediatric 
patients exhibited significant differences in regard to 
demographics, symptoms, and clinical characteristics. 
Two other studies have compared patients with and 
without MIS-C. Swann et al (10) in the United Kingdom 
included 52 MIS-C and 404 non–MIS-C patients  
(< 19 yr) admitted to the hospital. In this study, MIS-C 
patients defined using the World Health Organization 
criteria, rather than the CDC criteria, were significantly 
older and required more respiratory support. In our study, 
we have not identified any difference in respiratory sup-
port needed, but a greater proportion of our patients in the 
MIS-C group were younger children. A more contempo-
rary report by Feldstein et al (11) from the CDC-funded 
“Overcoming COVID-19” network describes a series of 
1,116 patients (< 21 yr) admitted into hospital (not all to 
the ICU) in the United States up to October 2020. The 
findings in our report (e.g., age characteristics, presenting 
signs and symptoms, complications, and inflammatory 
markers) align with those identified in this CDC report 
(11). The proportion of ICU admissions in the CDC 
study appears significantly higher than the proportion we 
have observed in the VIRUS cohort (58.3% vs 45.9%, z 
score 5.4 and p < 0.05), but we have to acknowledge that 
the samples used in both studies are not independent  
(SDC, http://links.lww.com/PCC/B784, overlap details). 

http://links.lww.com/PCC/B784
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That said, this apparent difference may reflect the exclu-
sion of general hospital floor admissions for the non–
MIS-C patients in the CDC registry after August 13, 2020.

We defined critical COVID-19 as the requirement of 
organ support (respiratory, cardiovascular, or renal) or 
death. Our critical illness subclassification is adapted 

from the NIH criteria for critical COVID-19 (22); how-
ever, we have used organ support variables to identify 
children with a critical illness. Dong et al (25) also clas-
sified children with acute organ dysfunction as critical 
COVID-19, whereas Cunningham et al (26) used a 
composite measure of mechanical ventilation or death 

TABLE 2. 
ICU Management Among Pediatric Coronavirus Disease 2019 Patients

Category Subcategory

Total  
Coronavirus  

Disease Cohort  
(n = 394), n (%)

MIS-C  
(n = 171),  

n (%)

Non-MIS-C  
(n = 223),  

n (%) p

Respiratory  
supporta

Noneb 140 (35.2) 65 (38.0) 75 (33.6) 0.40

Face mask oxygenation 35 (8.8) 7 (4.1) 28 (12.6) < 0.01

Nasal cannula 140 (35.2) 57 (33.3) 83 (37.2) 0.45

High-flow nasal cannula 107 (26.9) 45 (26.3) 61 (27.4) 0.91

Noninvasive ventilation 75 (19.0) 35 (20.5) 39 (17.5) 0.52

Invasive ventilation 91 (23.1) 43 (25.2) 45 (20.2) 0.27

Nitric oxided 15 (3.7) 10 (5.9) 5 (2.2) 0.11

Other organ  
supporta

Vasopressors/inotropes 95 (24.1) 73 (42.6) 22 (9.9) < 0.01

Continuous renal replacement 
therapy/hemodialysis

1 (0.2) 1 (0.6) 0 (0) 0.43

Extracorporeal life support 11 (2.7) 5 (2.9) 4 (1.8) 0.51

Neuromuscular blockade 39 (9.8) 17 (9.9) 22 (9.9) 1.00

Antiviral, 
Immunomodulatory 
and other 
medicationsc

Corticosteroids 176 (44.3) 115 (67.3) 61 (27.3) < 0.01

Any antiviral 82 (20.6) 27 (15.8) 55 (24.7) 0.03

Remdesivire 61 (15.3) 20 (11.7) 41 (18.4) 0.09

Azithromycin 35 (8.8) 13 (7.6) 22 (9.9) 0.48

Hydroxychloroquine 19 (4.7) 5 (2.9) 14 (6.3) 0.17

Therapeutic anticoagulation 61 (15.3) 39 (22.8) 22 (9.9) < 0.01

Convalescent plasma 4 (1.0) 1 (0.6) 3 (1.4) 0.64

IV immunoglobulin 83 (20.9) 78 (45.6) 5 (2.2) < 0.01

Anakinra 23 (5.7) 21 (12.3) 2 (0.9) < 0.01

MIS-C = multisystem inflammatory syndrome in children.
a�Respiratory and other organ support represent support provided at any time during the hospitalization.
b�Of 140 patients who did not require any O2 support, one required continuous renal replacement therapy/hemodialysis, and 15 patients 
(10.7%) required inotropes or vasopressors.

c�Represent medications given on either of the day 0, 1, 2, 3, 7, 14, or 21 of hospitalization. Organ support and therapeutics not mutually 
exclusive.

d�Or epoprostenol.
e�Remdesivir only approved by U.S. Food and Drug Administration for use in patients 12 yr old or older.



Copyright © 2021 by the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies.
Unauthorized reproduction of this article is prohibited

Copyright © 2021 by the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies.
Unauthorized reproduction of this article is prohibited

Feature Articles

Pediatric Critical Care Medicine	 www.pccmjournal.org          611

to identify risk factors for severe disease in young adults. 
We classified and compared patients with and without 
critical illness separately for MIS-C and non–MIS-C 
patients. Although we identified age group differences 
in critical MIS-C on univariate comparison, multivari-
able analysis did not reveal any demographic or disease 
factors associated with greater odds of critical illness in 
MIS-C. This observation is similar to prior reports where 
MIS-C is reported in previously healthy children (8, 9). 
Our finding that in non–MIS-C cases, multiple comor-
bidities were associated with greater odds of critical ill-
ness has also been described in other studies (5, 10).  
A remarkably high proportion of patients in both 
MIS-C and non–MIS-C groups in our study were obese 
(44.1%). This proportion is more than twice the U.S. 
obesity rates for children 2–19 years old (17%) (27). 

Although the impact of obesity on adult COVID-19 has 
been studied (28), further research is needed to describe 
the predisposition of obese children to COVID-19.

The mortality rate (3.8%) and need for invasive ven-
tilation (23.1%) we observed are comparable with other 
studies (4, 5, 10). However, in our cohort, there was 
less use of ventilatory support compared with the prior 
Virtual Pediatric Systems (VPS) report of 69% (29). The 
VPS population included 24% adults and counted ven-
tilator use as a proportion of total days (rather than the 
percentage of total patients), which may explain the dif-
ference in findings (29).

In this report, we have also described the con-
temporary management of MIS-C and non–MIS-C 
groups of COVID-19 pediatric patients. The man-
agement described mostly aligns with the current 

TABLE 3. 
Outcomes and Complications

S. No. Category

Total Coronavirus  
Disease Cohort  

(n = 394)
MIS-C  

(n = 171)
Non-MIS-C  

(n = 223) p

1 High-flow nasal cannula  
duration, median (IQR) (d)a

2.2 (1.1–3.8)  
(n = 85)

2.0 (1.0–2.8)  
(n = 37)

3.0 (1.0–4.9)  
(n = 48)

0.02

2 Noninvasive ventilation  
duration, median (IQR) (d)a

1.9 (0.6–4.2)  
(n = 69)

1.9 (1.0–3.2)  
(n = 32)

2.0 (0.3–5.1)  
(n = 37)

1.00

3 Invasive ventilator duration,  
median (IQR) (d)a

4.9 (1.6–7.2)  
(n = 68)

4.7 (2.0–6.3)  
(n = 30)

5.1 (1.5–10.3)  
(n = 38)

0.79

4 ICU length of stay,  
median (IQR) (d)a

3.8 (2.0–7.7)  
(n = 369)

4.1 (2.6–7.0)  
(n = 158)

3.5 (1.6–8.0)  
(n = 211)

0.06

5 Hospital length of stay,  
median (IQR) (d)a

6.3 (3.8–11.0)  
(n = 379)

7.5 (5.0–11.0)  
(n = 163)

5.3 (3.0–11.0)  
(n = 216)

< 0.01

6 Hospital mortality, n (%) 15/394 (3.8) 8/173 (4.7) 7/224 (3.1) 0.44

7 Any complicationb, n (%) 263 (66.7) 129 (75.4) 134 (60.9) < 0.01

 c BNP/pro-BNP elevation 63 (16.0) 56 (32.7) 7 (3.1) < 0.01

 Acute kidney injury 62 (15.7) 43 (25.1) 19 (8.5) < 0.01

 Septic shock 44 (11.2) 35 (20.5) 9 (4.0) < 0.01

 Myocarditis 38 (9.6) 32 (18.7) 6 (2.7) < 0.01

 Anemia 35 (8.9) 23 (13.4) 12 (5.4) < 0.01

BNP = brain natriuretic peptide, IQR = interquartile range, MIS-C = multisystem inflammatory syndrome in children.
a�Survivors only.
b�Includes count of discrete options provided in SDC (http://links.lww.com/PCC/B784) and self-reported in the registry (as complication yes/no).
c�Five most common complication. Complete list of all recorded complications and organ system categories provided in (SDC, http://links.
lww.com/PCC/B784).

Missing HFNC duration in 16 (15.6%), noninvasive ventilator duration in 2 (2.8%), invasive ventilator duration in 6 (8.5%), and ICU 
length of stay in 10 (2.5%).

http://links.lww.com/PCC/B784
http://links.lww.com/PCC/B784
http://links.lww.com/PCC/B784


Copyright © 2021 by the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies.
Unauthorized reproduction of this article is prohibited

Tripathi et al

612          www.pccmjournal.org	 July 2021 • Volume 22 • Number 7

recommendations (30). IV immunoglobulin (IVIG) is 
recommended as first-line therapy for MIS-C (30) but 
was used in only 45% of MIS-C patients in our cohort 
compared with 85% in another report (8). This finding is 
possibly due to heightened MIS-C recognition over time 
and anchoring bias (31), where patients with mild MIS-C 
may not require therapy such as IVIG. Some centers may 
also have prioritized data entry on certain days, and we 
may have missed capturing medication administration.

There are several limitations in our study. A complete 
case analysis such as ours assumes data are MCAR. If 
the MCAR assumption is not met, a complete case 
analysis can induce bias (32). A proportion of patients 
might still be hospitalized when data were extracted, 
contributing to missing outcome data and exclusion 
from analysis. Even though we have described a large 
cohort of patients, the sample size is still relatively small. 
To avoid overfitting the model, only five variables were 
included in the logistic regression. As such, there may 

be other explanatory factors associated with the out-
come that could have been missed. Although unlikely, 
our critical illness definition may miss patients who did 
not require selected interventions. Even though patients 
with an incidental diagnosis of COVID-19 were explic-
itly excluded from the VIRUS registry, it is possible that 
some centers included borderline cases in the registry. 
Similarly, patient characterization into MIS-C and non–
MIS-C groups was made by individual centers based on 
published CDC criteria, leaving the possibility for inap-
propriate classification. Further, we compared MIS-C 
and non–MIS-C as two distinct conditions although 
they may have overlapping presentations in some 
patients. Some patients may be entered into the registry 
before MIS-C was more formally recognized.

In conclusion, although both are epidemiologically 
linked with SARS-CoV-2, the two primary pediatric man-
ifestations of COVID-19—MIS-C and non–MIS-C—have 
different presentations, demographic predispositions, 

Figure 2. Multivariable logistic regression to assess independent explanatory factors associated with the critical illness among those 
with multisystem inflammatory syndrome in children (MIS-C) (A) and non-MIS-C (B) patients. Race category combined to three (Black, 
White, and Others). For logistic regression, patients with race listed as unknown (n = 20; 5% of the total cohort) were included in the 
“Other” category. Adolescent greater than or equal to 12 yr. *In different organ systems. Organ system categorization for signs and 
symptoms and a complete list of comorbidities listed in the SDC (http://links.lww.com/PCC/B784).
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explanatory factors, disease course, and management 
strategies. Overall, MIS-C is more often associated with 
a critical illness, higher proportion of complications, and 
more prolonged hospital LOS, than the non–MIS-C pre-
sentation of pediatric SARS-CoV-2 infection.
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