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IMPORTANCE Refinement of criteria for multisystem inflammatory syndrome in children

(MIS-C) may inform efforts to improve health outcomes.
OBJECTIVE To compare clinical characteristics and outcomes of children and adolescents with

MIS-C vs those with severe coronavirus disease 2019 (COVID-19).
SETTING, DESIGN, AND PARTICIPANTS Case series of 1116 patients aged younger than 21 years
hospitalized between March 15 and October 31, 2020, at 66 US hospitals in 31 states. Final
date of follow-up was January 5, 2021. Patients with MIS-C had fever, inflammation,
multisystem involvement, and positive severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) reverse transcriptase–polymerase chain reaction (RT-PCR) or antibody test
results or recent exposure with no alternate diagnosis. Patients with COVID-19 had positive
RT-PCR test results and severe organ system involvement.
EXPOSURE SARS-CoV-2.
MAIN OUTCOMES AND MEASURES Presenting symptoms, organ system complications,
laboratory biomarkers, interventions, and clinical outcomes. Multivariable regression was
used to compute adjusted risk ratios (aRRs) of factors associated with MIS-C vs COVID-19.
RESULTS Of 1116 patients (median age, 9.7 years; 45% female), 539 (48%) were diagnosed with
MIS-C and 577 (52%) with COVID-19. Compared with patients with COVID-19, patients with
MIS-C were more likely to be 6 to 12 years old (40.8% vs 19.4%; absolute risk difference [RD],
21.4% [95% CI, 16.1%-26.7%]; aRR, 1.51 [95% CI, 1.33-1.72] vs 0-5 years) and non-Hispanic Black
(32.3% vs 21.5%; RD, 10.8% [95% CI, 5.6%-16.0%]; aRR, 1.43 [95% CI, 1.17-1.76] vs White).
Compared with patients with COVID-19, patients with MIS-C were more likely to have
cardiorespiratory involvement (56.0% vs 8.8%; RD, 47.2% [95% CI, 42.4%-52.0%]; aRR, 2.99
[95% CI, 2.55-3.50] vs respiratory involvement), cardiovascular without respiratory
involvement (10.6% vs 2.9%; RD, 7.7% [95% CI, 4.7%-10.6%]; aRR, 2.49 [95% CI, 2.05-3.02]
vs respiratory involvement), and mucocutaneous without cardiorespiratory involvement
(7.1% vs 2.3%; RD, 4.8% [95% CI, 2.3%-7.3%]; aRR, 2.29 [95% CI, 1.84-2.85] vs respiratory
involvement). Patients with MIS-C had higher neutrophil to lymphocyte ratio (median, 6.4 vs
2.7, P < .001), higher C-reactive protein level (median, 152 mg/L vs 33 mg/L; P < .001), and lower
platelet count (<150 ×103 cells/μL [212/523 {41%} vs 84/486 {17%}, P < .001]). A total of 398
patients (73.8%) with MIS-C and 253 (43.8%) with COVID-19 were admitted to the intensive
care unit, and 10 (1.9%) with MIS-C and 8 (1.4%) with COVID-19 died during hospitalization.
Among patients with MIS-C with reduced left ventricular systolic function (172/503, 34.2%) and
coronary artery aneurysm (57/424, 13.4%), an estimated 91.0% (95% CI, 86.0%-94.7%) and
79.1% (95% CI, 67.1%-89.1%), respectively, normalized within 30 days.
CONCLUSIONS AND RELEVANCE This case series of patients with MIS-C and with COVID-19
identified patterns of clinical presentation and organ system involvement. These patterns
may help differentiate between MIS-C and COVID-19.
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nternational reports of coronavirus disease 2019 (COVID19)–related severe complications in children began in April
2020 when predominantly healthy children were hospitalized with cardiogenic shock or Kawasaki disease–like presentations temporally associated with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection.1-3 In midMay 2020, the Centers for Disease Control and Prevention
(CDC) published a case definition for multisystem inflammatory syndrome in children (MIS-C) for disease surveillance.4
Criteria were intentionally broad to facilitate data capture for
diagnostic refinement. MIS-C was hypothesized to be mostly
postinfectious and distinct from COVID-19 because many patients’ respiratory specimens were SARS-CoV-2 negative and
MIS-C peaked after reported COVID-19 cases.5,6 Cardiovascular complications, such as ventricular dysfunction and coronary artery aneurysms, triggered recommendations for immunomodulatory treatments, including intravenous
immunoglobulin (IVIG), corticosteroids, and biologics, and recommendations for intensive cardiac observation.5-9
Data on hospitalized children and adolescents with severe
acute COVID-19 are sparse, with few reports including more than
100 severe cases,5,8,10-15 and even fewer of these comparing
COVID-19 with MIS-C.8,11 As disease surveillance captured more
patients with MIS-C, phenotypes within MIS-C emerged, including a predominantly respiratory phenotype with frequent
SARS-CoV-2–positive respiratory testing that potentially overlapped with severe acute COVID-19.8,14 A comparison of organ
involvement in MIS-C with severe acute COVID-19 in children
and adolescents, including the timing of resolution of cardiorespiratory dysfunction, could help refine the MIS-C case definition to improve specificity for guiding use of immune therapies, diagnostic testing, and follow-up.
Sentinel surveillance data captured on US patients hospitalized for 8 months were used to compare children and adolescents diagnosed with MIS-C vs those with severe acute
COVID-19. Differences in the epidemiology, clinical characteristics, types of complications, as well as hospital and postdischarge outcomes were compared between these groups to identify features distinguishing MIS-C from COVID-19.

Methods
Study Design and Participants
For this case series, active surveillance was performed in the Overcoming COVID-19 network to identify children, adolescents, and
young adults (<21 years of age) with SARS-CoV-2–related illness
hospitalized during March 15 to October 31, 2020, from 31 states.5
The last date of follow-up for outcomes was January 5, 2021. The
study was approved by the central institutional review board at
Boston Children’s Hospital. The study was reviewed by the CDC
and was conducted consistent with applicable federal law and
CDC policy, which included a waiver of consent.16

Case Ascertainment and Definitions
Patients from the registry were included if they were hospitalized for acute illness at a participating site, were younger than
21 years old, and met criteria for MIS-C or severe acute COVID-19
jama.com
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Key Points
Question How do the characteristics and outcomes of children
and adolescents with multisystem inflammatory syndrome in
children (MIS-C) compare with severe coronavirus disease 2019
(COVID-19)?
Findings In this case series that included 539 patients with MIS-C
and 577 patients with severe COVID-19, patients with MIS-C were
more likely than those with severe COVID-19 to be 6 to 12 years
old, be non-Hispanic Black, and have severe cardiovascular or
mucocutaneous involvement and more extreme inflammation.
Meaning The study findings suggest patterns of clinical
presentation and organ involvement that distinguish between
patients with MIS-C and severe acute COVID-19.

(henceforth referred to as COVID-19), after adjudication by site
and coordinating center principal investigators. MIS-C criteria
were consistent with the CDC definition17 (Box 1). Patients with
COVID-19 had evidence of recent infection with SARS-CoV-2
based on having a positive RT-PCR test result and severe involvement of 1 or more organ systems (Box 2). Sites that included patients in other reports comparing COVID-19 and MIS-C
or reporting cardiac outcomes (n ≤191) are listed in eTable 1 in
the Supplement and include 168 patients with MIS-C we previously reported.5
We collected race and ethnicity information from hospital
medical records as reported by the site clinicians who cared for
the patients. Obesity was classified either by clinician diagnosis or, given underreporting,5 based on national reference standards for body mass index if aged at least 2 years.20 We classified nonobese patients without chronic diagnoses or use of
prescription medications as having no underlying conditions.
Mucocutaneous involvement was defined as presence of any of
the following: rash, inflammation of the oral mucosa, conjunctivitis, and extremity findings, including erythema or edema of
the hands or feet, or periungual peeling. Echocardiographic findings during hospitalization and postdischarge were obtained
from medical records. Left ventricular (LV) ejection fraction (EF)
was categorized as normal if EF was 55% or greater or noted to
be qualitatively normal, or as depressed if EF was less than 55%
or, in cases where EF was unavailable, based on the qualitative
grade of dysfunction. LV systolic function was further classified based on lowest EF as mildly depressed if 45% to 54%, moderately depressed if 35% to 44%, and severely depressed if less
than 35%.21 Patients were classified as having no coronary artery aneurysm if the largest body surface area–adjusted z scores
in the proximal right coronary artery and proximal left anterior
descending coronary artery both were less than 2.5 or were reported as qualitatively normal. Patients were classified as having coronary artery aneurysms if either the right coronary artery or left anterior descending z score was 2.5 or greater or they
were described as having an aneurysm qualitatively.22 Aneurysms were categorized as small if the z score was 2.5 to less than
5.0, medium if the z score was 5.0 to less than 10.0, and large or
giant if the z score was 10.0 or greater or an absolute dimension
of 8 mm or more.22 Each unique patient with 1 or more echocardiogram reports that could be evaluated was classified on the
(Reprinted) JAMA March 16, 2021 Volume 325, Number 11
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basis of their worst-ever LVEF and highest coronary z score during the illness. Respiratory support and cardiovascular pediatric Severe Organ Failure Assessment scores based on vasoactive agent support were also documented throughout
hospitalization (eTable 2 in the Supplement).23

Outcomes
We compared demographics (age, sex, race/ethnicity), underlying medical conditions, presenting symptoms and signs, laboratory values within 48 hours of admission, severe complications, and clinical outcomes and interventions between patients
in the registry diagnosed with MIS-C vs COVID-19. We selected commonly tested laboratory values with values on at least
70% of patients (absolute lymphocyte count, absolute neutrophil count, neutrophil to lymphocyte ratio [NLR], platelet count,
hemoglobin level, alanine aminotransferase level, C-reactive
protein [CRP] level, and albumin level) or of relevance to MIS-C
(B-type natriuretic peptide [BNP] or N-terminal–proBNP) based
on past studies.10,14 Initial measurements of inflammatory or
hematologic biomarkers (NLR, CRP, and platelets) within the
first 2 days of admission were used. Laboratory cutoffs were
dichotomized based on the cutoff for thrombocytopenia or
around median baseline values in the full cohort (CRP and
NLR).24 We were unable to conduct a planned comparison of
RT-PCR and antibody testing differences between patients with
MIS-C and COVID-19 because few patients (12%) with acute
COVID-19 received antibody testing. Based on emerging evidence from small case series and 1 latent class analysis,8,11,14 we
evaluated differences in 5 mutually exclusive severe organ involvement subcategories of MIS-C and COVID-19: (1) cardiorespiratory involvement, (2) cardiovascular without respiratory involvement, (3) respiratory without cardiovascular involvement,
(4) mucocutaneous without cardiovascular or respiratory involvement, and (5) other organ system involvement without cardiovascular, respiratory, or mucocutaneous involvement. We
compared invasive mechanical ventilator support and vasoactive agent scores by day of hospitalization among patients with
MIS-C vs COVID-19. Among patients with MIS-C, we evaluated
the resolution of cardiac dysfunction over time among those with
reduced LVEF or coronary artery aneurysms.

Statistical Analysis
For univariate comparisons between patients with MIS-C and
COVID-19, we used the χ2 test for categorical variables, Fisher
exact test for variables with small sample sizes (n <5), or KruskalWallis test for continuous variables. We used bivariable analysis to evaluate differences in the 5 mutually exclusive severe
organ involvement subcategories of MIS-C and COVID-19.
We compared the association of selected baseline patient
demographic and clinical characteristics with the diagnosis of
MIS-C vs COVID-19 by fitting a Poisson regression with robust
variance estimates to generate risk ratios.25 Patient baseline
demographic and clinical characteristics were selected based
on whether there were meaningful differences in bivariable
analyses between MIS-C and COVID-19 diagnoses.5,11,14 To
evaluate whether clinicians were ascribing a diagnosis of MIS-C
vs COVID-19 based on clinical syndrome or laboratory features, we also evaluated the association between described se1076

Box 1. Centers for Disease Control and Prevention
Case-Definition for MIS-Ca
• Age <21 y
• Fever ⱖ38.0 °C for ⱖ24 h or report of subjective fever lasting ⱖ24 h
• Laboratory evidence of inflammationb
• Evidence of clinically severe illness requiring hospitalization with
multisystem (ⱖ2) organ involvement (cardiac, kidney, respiratory,
hematologic, gastrointestinal, dermatologic, or neurological)
• No alternative plausible diagnoses
• Positive for current or recent SARS-CoV-2 infection by RT-PCR,
antibody, or antigen test; or exposure to a suspected or confirmed
COVID-19 case within the 4 wk prior to the onset of symptomsc
Abbreviations: COVID-19, coronavirus disease 2019; MIS-C, multisystem
inflammatory syndrome in children; RT-PCR, reverse transcriptase–polymerase
chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
a

Must meet all criteria after adjudication by site and coordinating center
principal investigators.

b

Including, but not limited to, 1 or more of the following: an elevated
C-reactive protein, erythrocyte sedimentation rate, fibrinogen,
procalcitonin, D-dimer, ferritin, lactate dehydrogenase, interleukin 6,
elevated neutrophils, reduced lymphocytes, and low albumin level.

c

Patients without a positive SARS-CoV-2 test result were excluded after May
31, 2020, when site RT-PCR and antibody testing was more available.

vere organ involvement subcategories and laboratory markers of inflammation or hematologic dysfunction with less than
30% overall missingness within the first 2 days of admission.14
Models were adjusted for age (0-5 years, 6-12 years, and 13-20
years), race/ethnicity (non-Hispanic White, non-Hispanic Black,
other non-Hispanic, or Hispanic of any race), sex, US Census
region to account for between-region differences, and presence of 1 or more vs no underlying conditions. Model convergence was evaluated using the GENMOD function in SAS. Risk
differences were calculated using the adjrr command in Stata.26
We assessed cardiac outcomes using Kaplan-Meier estimates up to 90 days after hospital admission (when available)
among patients with MIS-C and cardiac involvement. For patients with MIS-C and a diagnosis of coronary artery aneurysm
or reduced LVEF, resolution was plotted using Kaplan-Meier
curves. Patients were censored when resolution was documented or, if resolution was not confirmed, by date of last echocardiographic evaluation. For patients with MIS-C and COVID19, the percentages receiving invasive mechanical ventilation
and vasoactive agents were plotted graphically throughout the
hospitalization. Missing data were not imputed for common
laboratory markers of interest. Statistical significance was designated as P < .05 (2-sided). Because of the potential for type I
error due to multiple comparisons, findings for analyses should
be interpreted as exploratory. Analyses were conducted in R version 3.6.1 (R Project for Statistical Computing), Stata version 16.0
(StataCorp), and SAS version 9.4 (SAS Institute).

Results
Demographics and Clinical Characteristics Among All Patients
From March 15 to October 31, 2020, 1314 hospitalized children and adolescents younger than 21 years of age with
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Box 2. Case-Definition for Severe Acute COVID-19a,b
• Admitted to the hospital with symptoms suspected to be related to
COVID-19
• Evidence of infection with SARS-CoV-2 based on a positive RT-PCR
test result during current illness
• Severe organ system involvement including at least 1 of the following:
Respiratory
Receipt of mechanical ventilation or any type of supplemental
oxygen (or increased support for patients receiving respiratory
support at baseline)
Severe bronchospasm requiring continuous bronchodilators

Gastrointestinal
Appendicitis
Pancreatitis
Hepatitis or hepatomegaly
Gallbladder hydrops or edema
Other complications as determined by site clinicians included
ileitis, colitis, or mesenteric adenitis
Hematologic
Absolute lymphocyte count <1 ×103 cells/μL
Absolute neutrophil count <0.5 ×103 cells/μL excluding chemotherapy patients3

Pulmonary infiltrates on chest radiograph
Lower respiratory infection

Severe anemiad

Pleural effusion

Platelet count <50 000/μL4

Pneumothorax or other signs of barotrauma

Deep vein thrombosis

Pulmonary hemorrhage

Pulmonary embolism

Chest tube or drainage required
Cardiovascular
Cardiac dysrhythmia or arrhythmia

Hemolysis
Bleeding

Ejection fraction <55%

Ischemia of an extremity

Pulmonary edema due to left heart failure

Other complications as determined by site clinicians included
hemolytic uremic syndrome, anemia requiring transfusion,
and pancytopenia

Coronary artery aneurysm (LAD or RCA z score ⱖ2.5)
B-type natriuretic peptide ⱖ1000 pg/mL2
Elevated troponin-based on the upper limit of normal for the site
laboratory
Receipt of vasopressor or vasoactive support
Receipt of cardiopulmonary resuscitation or ECMO support
Kidney
Receipt of dialysis (for patients without chronic kidney failure)
Acute kidney injuryc (in patients without prior kidney disease)
Neurologic
Stroke or acute intracranial hemorrhage
Seizures

Abbreviations: COVID-19, coronavirus disease 2019; ECMO, extracorporeal
membrane oxygenation; LAD, left anterior descending; MIS-C, multisystem
inflammatory syndrome in children; RCA, right coronary artery; RT-PCR,
reverse transcriptase–polymerase chain reaction; SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2.
a

Must meet all criteria. On August 13, 2020, the registry was restricted to
patients admitted to the intensive care unit or high-acuity stepdown unit for
patients without MIS-C.

b

Case definition was created by clinical consensus among the Overcoming
COVID-19 steering committee principal investigators.

c

Acute kidney injury was defined as a creatinine level equal to or above the
following values by age18: less than 4 weeks: 1.59 mg/dL; 4 weeks to less than
1 year: 0.62 mg/dL; 1 to 10 years: 1.13 mg/dL; and ⱖ11 years: >1.59 mg/dL.

d

Severe anemia was defined as hemoglobin level less than 7 g/dL among
children younger than 59 months of age, otherwise hemoglobin level less
than 8 g/dL.19

Coma
Encephalitis, aseptic meningitis, or demyelinating disorder (eg, acute
disseminated encephalomyelitis) diagnosed by a neurologist
Decreased hearing or vision
Iritis or uveitis

COVID-19–related illness were reported from 66 hospitals in
31 states (eTable 3 in the Supplement). Of 775 children and adolescents (59%) without a diagnosis of MIS-C, 198 were excluded because they did not meet prespecified criteria for severe COVID-19 (Figure 1). Of the 1116 cases included in the final
analysis, 539 (48%) were classified as MIS-C and 577 (52%) as
acute COVID-19 (Figure 1). In patients with MIS-C, 52% had a
positive SARS-CoV-2 RT-PCR test result, 45% were SARSCoV-2 antibody positive only, 31% were positive for both, and
19% did not have an antibody test performed (eTable 4 in the
Supplement). By definition, results of all patients with
COVID-19 were SARS-CoV-2 RT-PCR positive but only 12% received antibody testing (60% [43/72] positive).
Compared with patients with COVID-19, those with MIS-C
were younger, more likely to be non-Hispanic Black, and less
likely to have 1 or more chronic medical conditions (Table 1).
jama.com

Presenting symptoms and signs were similar among patients
with MIS-C and COVID-19 with the exception of mucocutaneous findings (66.8% [95% CI, 63%-71%] vs 10.2% [95% CI, 8%13%]; P < .001), which were uncommon in patients with
COVID-19 and prevalent in those with MIS-C (Table 1). IVIG was
administered to 77% of patients with MIS-C (78% of whom also
received systemic steroids; 9% received steroids alone) compared with 4% of patients with COVID-19 (Table 2). Ten patients (1.9%) with MIS-C vs 8 (1.4%) with COVID-19 died during hospitalization (described in eTable 5 in the Supplement).

Inflammation and Severe Organ System Involvement
Eighty percent of patients with MIS-C and COVID-19 each had
severe respiratory involvement; however, more patients with
MIS-C had cardiac involvement (66.7% [95% CI, 63%-71%])
compared with patients with COVID-19 (11.8% [95% CI,
(Reprinted) JAMA March 16, 2021 Volume 325, Number 11
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Figure 1. Eligibility Flowchart of Hospitalized Patients With COVID-19–Related Illness, March 15-October 31, 2020
1361 Patients aged <21 y with presumptive hospitalized
MIS-C or COVID-19 submitted to registry based on
site determination and adjudicated at coordinating
center to meet criteria for registrya,b

47 Non–MIS-C patients excluded
40 SARS-CoV-2 RT-PCR negative
7 Unknown test status

775 RT-PCR positive and did not meet
MIS-C criteria by site or coordinating
center adjudication

198 Did not meet the definition
for severe COVID-19
539 Adjudicated to meet criteria for
MIS-C and included in the primary
analysis

577 Adjudicated to meet criteria for severe
acute COVID-19 and included in the
primary analysis

9%-15%]) (Table 2). On laboratory testing within 48 hours of
admission, patients with MIS-C had a higher median NLR (6.4
vs 2.7, P < .001) and CRP level (152 mg/L vs 33 mg/L, P < .001)
and more thrombocytopenia (platelets <150 ×103 cells/μL) than
patients with COVID-19 (41% vs 17%, P < .001).

Factors Distinguishing MIS-C vs Severe Acute COVID-19
in Multivariable Model
Compared with patients with COVID-19, patients diagnosed
with MIS-C were more likely to be 6 to 12 years old (40.8% vs
19.4%; absolute risk difference [RD], 21.4% [95% CI, 16.1%26.7%]), be non-Hispanic Black (32.3% vs 21.5%; RD, 10.8%
[95% CI, 5.6%-16.0%]), and have no underlying conditions
(69.0% vs 37.9%; RD, 31.1% [95% CI, 25.5%-36.6%]) (Figure 2A).
Adjusting for other covariates, risk of MIS-C diagnosis was
higher for patients aged 6 to 12 years vs 0 to 5 years (aRR, 1.51
[95% CI, 1.33-1.72]) and patients who were non-Hispanic Black
vs White (aRR, 1.43 [95% CI, 1.17-1.76]). Certain clinical syndromes and laboratory features were also associated with diagnosis of MIS-C vs COVID-19 (Figure 2B). Compared with
COVID-19, patients with MIS-C were more likely to have cardiorespiratory involvement (56.0% vs 8.8%; RD, 47.2% [95%
CI, 42.4%-52.0%]), cardiovascular without respiratory involvement (10.6% vs 2.9%; RD, 7.7% [95% CI, 4.7%-10.6%]), and mucocutaneous without cardiorespiratory involvement (7.1% vs
2.3%; RD, 4.8% [95% CI, 2.3%-7.3%]). Compared with patients with respiratory involvement alone, MIS-C diagnosis was
more likely in patients with cardiorespiratory involvement
(aRR, 2.99 [95% CI, 2.55-3.50]), cardiovascular without respiratory involvement (aRR, 2.49 [95% CI, 2.05-3.02]), and mucocutaneous without cardiorespiratory involvement (aRR, 2.29
[95% CI, 1.84-2.85]).
Additionally, patients with an NLR greater than 5, platelet count less than 150 ×103/μL, and CRP level greater than 100
mg/L within 48 hours of admission were more likely to be diagnosed with MIS-C. In contrast, patients with COVID-19 were
more likely to have 1 or more underlying conditions; respira1078

COVID-19 indicates coronavirus
disease 2019; RT-PCR, reverse
transcriptase–polymerase chain
reaction; SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2;
and MIS-C, multisystem inflammatory
syndrome in children.
a

Registry data was based on voluntary
case reporting by participating
sentinel surveillance sites.

b

Criteria for registry: meet case
definition for MIS-C (Box 1) or
evidence of infection with
SARS-CoV-2 based on a positive
RT-PCR test result during current
illness with clinical suspicion for
acute COVID-19.

tory without cardiovascular involvement; or hematologic, neurologic, or gastrointestinal involvement without cardiovascular, respiratory, or mucocutaneous involvement. The regression
model RDs are shown in eTable 6 in the Supplement. The number of patients excluded from the regression analyses varied
based on the variables included in the model and ranged from
0 to 340 (depending on the laboratory marker of interest).

RT-PCR and Antibody Status by Clinical Subphenotype
The results of 92% of patients with severe respiratory involvement without cardiovascular involvement and 95% with hematologic, neurologic, or gastrointestinal severe involvement without severe respiratory or cardiovascular involvement
were RT-PCR positive. Antibody positivity within these groups
was 21% and 10%, respectively; however, 74% and 86% were
not tested (details in eTable 7 in the Supplement). RT-PCR positivity was observed in fewer patients with severe cardiovascular involvement (range, 57%-58%) and mucocutaneous involvement without cardiovascular or respiratory involvement
(45%) (details in eTable 7 in the Supplement).
The results from most patients with severe cardiorespiratory involvement, severe cardiovascular without respiratory
involvement, and mucocutaneous without cardiorespiratory
involvement were antibody positive (69%, 74%, and 61%, respectively, with 74%, 77%, and 71% tested). Comparing only
patients with MIS-C by SARS-CoV-2 status, RT-PCR–positive
and –negative patients with positive SARS-CoV-2 antibody results had similar demographic and clinical characteristics and
outcomes (eTable 8 in the Supplement).

Respiratory Support and Vasoactive Agent Utilization
For patients who had data available on respiratory support, 9%
of patients with MIS-C vs 10% with COVID-19 received invasive mechanical ventilation on admission day 1 (Figure 3A). The
percentage of patients requiring ventilator support peaked on
day 4 for patients with MIS-C (17%) and day 3 for those with
COVID-19 (13%). Fifty patients (9%) with COVID-19, compared
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Table 1. Baseline Characteristics of Patients With MIS-C and Severe Acute COVID-19 and Initial Laboratory Values Within 48 Hours of Admissiona,b,c
Study cohort from the Overcoming COVID-19 registry (N = 1116)
Characteristic

MIS-C (n = 539)

Severe acute COVID-19 (n = 577)

Age, median (IQR), y

8.9 (4.7-13.2)

11.7 (1.2-16.6)

Male

312 (57.7)

307 (53.2)

Female

227 (42.1)

270 (47.8)

No.

421

529

White, non-Hispanic (n = 174)

66 (13.3)

108 (19.0)

Black, non-Hispanic (n = 310)

181 (34.7)

129 (22.7)

Hispanic or Latino (n = 455)

193 (35.9)

262 (45.5)

Other, non-Hispanic (n = 67)

27 (5.5)

40 (7.1)

At least 1 underlying conditione

167 (30.9)

358 (62.1)

Obesityf

176 (36.2)

176 (41.8)

Respiratory

72 (13.4)

151 (26.2)

Otherg

52 (9.6)

223 (38.6)

Sex, No. (%)

Race/ethnicity, No. (%)d

Underlying medical conditions, No. (%)

Neurological/neuromuscular

30 (5.6)

104 (18.0)

Cardiovascular

17 (3.2)

57 (9.8)

No.

503

516

Median (IQR)

4.0 (3.0-6.0)

3.0 (1.0-5.0)

4.0 (3.0-5.0)

2.0 (1.0-3.0)

Constitutional

536 (99.4)

472 (81.8)

Gastrointestinal

486 (90.2)

332 (57.5)

Mucocutaneous

360 (66.8)

59 (10.2)

Lower respiratory

232 (43.0)

359 (62.2)

Upper respiratory

184 (34.1)

185 (32.1)

Neurologic

218 (40.4)

186 (32.2)

No.

505

459

Median (IQR)

1.3 (0.7-3.1)

1.75 (1.0-3.5)

No.

515

481

Median (IQR)

8.0 (5.0-13.0)

5.2 (2.8-9.2)

No.

515

464

Median (IQR)

6.4 (3.4-12.4)

2.7 (1.1-6.5)

212 (41)

84 (17)

No.

483

449

Median (IQR)

11.3 (10.2-12.3)

12.3 (10.7-14.0)

No.

458

335

Median (IQR)

34.5 (21.0-67.9)

30.0 (18.0-55.0)

Clinical presentation on hospital admission
Duration of symptoms/signs prehospitalization, d

Organ systems involved, median (IQR)h
Symptoms and signs on presentation, No. (%)i

Initial laboratory value within 48 h of admissionj
Absolute lymphocyte count, ×103 cells/μL
(normal range, 1-5.6 ×103 cells/μL,
depending on age and sex)

Absolute neutrophil count, ×103 cells /μL
(normal range, 2.2-9.4 ×103 cells/μL,
depending on age and sex)

Neutrophil to lymphocyte ratio (normal range
not established)

Platelet count <150 ×103 cells/μL (n = 1009)
Hemoglobin level, g/dL (normal range, 10.2-11.4 g/dL,
depending on age and sex)

Alanine aminotransferase level, U/L
(normal range, 3-54 U/L,
depending on age and sex)

(continued)
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Table 1. Baseline Characteristics of Patients With MIS-C and Severe Acute COVID-19 and Initial Laboratory Values Within 48 Hours of Admissiona,b,c
(continued)
Study cohort from the Overcoming COVID-19 registry (N = 1116)
Characteristic

MIS-C (n = 539)

Severe acute COVID-19 (n = 577)

No.

491

285

Median (IQR)

152.0 (69.4-231.0)

33.0 (10.1-90.0)

146 (32.0)

43 (12.8)

C-reactive protein level, mg/L (normal range ≤5 mg/L)

Albumin level ≤3 g/dL (n = 793)

Abbreviations: COVID-19, coronavirus disease 2019; IQR, interquartile range;
MIS-C, multisystem inflammatory syndrome in children; RT-PCR, reverse
transcriptase–polymerase chain reaction.

g

Other category included oncologic, immunosuppressive, rheumatologic,
autoimmune, hematologic, kidney, urologic, gastrointestinal, hepatic,
endocrine, and metabolic conditions.

SI conversion factor: To convert to alanine aminotransferase, multiply by 0.0167.

h

Organ systems involved includes cardiovascular, respiratory, kidney,
neurologic, gastrointestinal, hematologic, mucocutaneous, and
musculoskeletal.

i

Presenting signs and symptoms were recorded from hospital medical records
and included constitutional symptoms (fever, fatigue, muscle aches/joint
pain), gastrointestinal symptoms (nausea/refusal to eat, vomiting, abdominal
pain, diarrhea), upper respiratory (rhinorrhea, congestion, and sore throat),
lower respiratory (cough, shortness of breath, chest pain, wheezing, lower
chest wall indrawing), mucocutaneous findings (rash, inflammation of the oral
mucosa, conjunctivitis, and extremity findings, including erythema or edema
of the hands or feet, or periungual peeling), hematological signs (abnormal cell
counts or clotting function), and neurologic symptoms (headache, altered
mental status/confusion).

j

Clinically significant laboratory values that were commonly tested are
presented here.

a

MIS-C is defined in Box 1.

b

Severe acute COVID-19 was defined as severe complications involving 1 organ
system or more and evidence of infection with severe acute respiratory
syndrome coronavirus 2 based on having a positive RT-PCR test result (Box 2).
Complications categorized as severe are listed in Box 2 by organ system.

c

Included children and adolescents younger than 21 years of age from 66
hospitals in 31 states from March 15 to October 31, 2020.

d

Race and ethnicity were recorded from hospital medical records as reported by
the site clinicians or in the medical record; categories are not mutually exclusive.

e

Underlying conditions excluded body mass index (BMI, calculated as weight in
kilograms divided by height in meters squared)–estimated obesity (defined as
BMI >95th percentile for age and sex based on national reference standards).

f

A patient was considered to have obesity by either clinician-diagnosed obesity
or BMI-based obesity and is only calculated in children aged 2 years or older;
thus, the denominator is 893.

with 244 (45%) with MIS-C, received vasoactive agents
(Table 2); the MIS-C and COVID-19 groups showed similar decreases in the percentage receiving vasoactive agent support
over time (Figure 3B).

Discussion

Cardiac Complications
In patients with MIS-C, among 503 (93.3%) in whom LVEF could
be evaluated on 1 or more echocardiograms, 331 (65.8%) had
preserved LVEF throughout the illness. Of the 172 patients
(34.2%) with MIS-C and depressed LVEF, the lowest EF was
mildly depressed in 95 (55.2%), moderately depressed in 39
(22.7%), and severely depressed in 38 (22.1%). By KaplanMeier analysis with censoring at the last echocardiogram, 91.0%
(95% CI, 86.0%-94.7%) had a normal LVEF by 30 days
(Figure 4A), and, based on a small number of patients with
available follow-up, 99.4% (95% CI, 96.9%-99.9%) had normal LVEF by 90 days. The 1 patient without normalization
documented within 90 days who had further echocardiographic analysis had a normal LVEF at 142 days. The severity
of initial systolic dysfunction did not affect the likelihood of
EF recovery (log-rank test, P = .88). Coronary arteries were
evaluated in 424 of 504 patients (84.1%) with MIS-C who had
echocardiograms (eTable 9 in the Supplement). Among these,
57 patients (13.4%) had coronary aneurysms, of which 53
(93.0%) were mild, 4 (7.0%) were moderate, and none were
large/giant. Aneurysms regressed to normal internal lumen diameter (z score <2.5) in 79.1% (95% CI, 67.1%-89.1%) of patients by 30 days (Figure 4B) and, based on small numbers,
100% by 90 days. Fewer patients with COVID-19 (111/578,
19.2%) underwent echocardiographic assessment; depressed
1080

EF (6/111, 5.4%) and coronary aneurysms (1/111, 0.9%) were infrequent in those evaluated.

In this case series comparing children and adolescents with
MIS-C vs those with severe COVID-19, MIS-C was distinguished by certain demographic features and clinical presentations including being aged 6 to 12 years, being of
non-Hispanic Black race, having severe cardiovascular or mucocutaneous involvement, and having more extreme inflammation. Patients from both groups commonly presented with
a variety of constitutional, gastrointestinal, and upper or lower
respiratory signs or symptoms on admission. Both groups
often required intensive care unit support, more commonly
in the MIS-C group. Although the results for most patients
with MIS-C were SARS-CoV-2 antibody positive, most
patients with COVID-19 were not antibody tested. Most
severe cardiovascular involvement from MIS-C, including left
ventricular dysfunction and coronary artery aneurysms,
resolved within 30 days.
Previous studies have reported that a large proportion
of pediatric patients with COVID-19–related disease were of
Black race or Hispanic ethnicity, but these studies were limited in their ability to establish an association between race/
ethnicity as a potential risk factor for MIS-C.8,14,27 This case series found that non-Hispanic Black children and adolescents
were more likely than non-Hispanic White patients to have
MIS-C than COVID-19, after adjusting for age, sex, geographic
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76 (14.1)
32 (5.9)
14 (2.6)
10 (1.9)

Antiplatelet therapy

Remdesivir

Tocilizumab

Hydroxychloroquine

Convalescent plasma

125 (24.9)

Cardiovasculare

Pericardial effusion
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256 (47.5)
66 (12.2)
50 (9.3)

Hematologic

Neurologic

Gastrointestinal

302 (56.0)
130 (24.1)
57 (10.6)
38 (7.1)
12 (2.2)

Severe cardiorespiratory involvement

Severe respiratory without cardiovascular involvement

Severe cardiovascular without respiratory involvement

Mucocutaneous without severe cardiorespiratory involvement

Hematologic, neurologic, or gastrointestinal severe involvement only

Severe organ involvement subcategoriesd

46 (8.5)

Arrhythmia

95 (18.9)

45%-<55%
57 (13.4)

39 (7.8)

35%-<45%

Coronary artery aneurysm

38 (7.6)

<35%

Ejection fraction

57 (10.6)
359 (66.7)

Pediatric ARDS

301 (55.8)
170 (31.5)

94 (17.4)

Lower respiratory infection

Pleural effusion

197 (36.5)

Infiltrates on chest radiography

Asthma exacerbation

432 (80.1)

Respiratory

Severe organ involvementd

337 (62.5)
308 (57.1)

Anticoagulation therapy

415 (77.0)
374 (69.4)

Systemic steroids

MIS-C (n = 539 [48%])

No. (%)

88 (15.3)

13 (2.3)

17 (2.9)

408 (70.7)

51 (8.8)

41 (7.1)

115 (19.9)

129 (22.4)

4 (0.7)

1 (0.9)

6 (5.4)

1 (0.9)

6 (5.4)

5 (4.5)

68 (11.8)

57 (9.9)

86 (14.9)

132 (22.9)

207 (35.9)

220 (38.1)

459 (79.5)

20 (3.5)

41 (7.1)

13 (2.3)

93 (16.1)

23 (4.0)

162 (28.1)

141 (24.4)

24 (4.2)

Severe acute COVID-19 (n = 577 [52%])

Study cohort from the Overcoming COVID-19 registry (n = 1116)

Intravenous immunoglobulin

Treatments

Characteristic

Table 2. Clinical Course of Patients With MIS-C and Severe Acute COVID-19a,b

(continued)

−13.1 (−16.2 to −9.8)

4.8 (2.3 to 7.3)

7.7 (4.7 to 10.6)

−46.6 (−51.8 to −41.4)

47.2 (42.4 to 52.0)

2.2 (−5.2 to 1.2)

−7.7 (3.4 to 12.0)

25.1 (14.4 to 25.5)

7.8 (5.3 to 10.3)

12.5 (8.8 to 16.2)

13.5 (1.2 to 18.9)

6.9 (4.0 to 9.8)

2.2 (−2.6 to 7.0)

20.4 (15.0 to 25.8)

54.9 (50.1 to 59.6)

0.7 (−4.3 to 2.9)

16.6 (11.8 to 21.5)

32.9 (27.6 to 38.4)

−18.5 (−13.4 to −23.5)

−1.6 (−4.1 to 7.3)

0.6 (−5.3 to 4.1)

−1.6 (−0.3 to 3.5)

−4.5 (2.0 to 7.0)

3.6 (1.4 to 6.0)

−2.0 (−2.2 to 6.2)

53.1 (49.0 to 57.6)

34.4 (29.0 to 39.9)

45.0 (39.7 to 50.2)

72.8 (68.9 to 76.7)

Difference (95% CI)c
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No. (%)

192 (35.6)
95 (17.6)
244 (45.3)
18 (3.3)

Invasive mechanical ventilation

Vasopressor use

Extracorporeal membrane oxygenation

Severe acute COVID-19 was defined as severe complications involving 1 organ system or more and evidence of
infection with severe acute respiratory syndrome coronavirus 2 based on having a positive RT-PCR test result.
Complications categorized as severe are listed in Box 2 by organ system.

Included children and adolescents younger than 21 years of age from 66 hospitals in 31 states from March 15 to
October 31, 2020.

Differences calculated as the percentage with MIS-C minus the percentage with severe acute COVID-19.
Negative values represent a higher proportion of patients with COVID-19 for the given characteristic.

a

b

c

Abbreviation: ARDS, acute respiratory distress syndrome; COVID-19, coronavirus disease 2019; ICU, intensive care
unit; IQR, interquartile range; MIS-C, multisystem inflammatory syndrome in children; RT-PCR, reverse
transcriptase–polymerase chain reaction.

10 (1.9)

4.0 (2.0 to 7.0)

Median (IQR)

Died

388

No.

Length of ICU stay, d (n = 639)

398 (73.8)

7.0 (5.0 to 11.0)

Median (IQR)

Intensive care unit admissiong

523

No.

Length of admission, d (n = 1083)f

Clinical outcomes

303 (56.2)

Noninvasive positive pressure ventilation

MIS-C (n = 539 [48%])

Any respiratory support

Critical care interventions

Characteristic

Downloaded From: https://jamanetwork.com/ Institute of Tropical Medicine by Guido Vanham on 07/05/2021
g

Inclusion of severe acute COVID-19 cases was restricted to the intensive care unit and high-acuity stepdown unit
settings beginning August 13, 2020.

Length of admission excluded patients who died during hospitalization (n = 18) and those still admitted to the
hospital (n = 15).

Ejection fraction and pericardial effusion denominators are patients with echocardiograms (MIS-C: n = 503;
severe acute COVID-19: n = 111); coronary artery aneurysm denominators are any patient with an evaluable
echocardiogram for MIS-C (n = 424) and any patient with an echocardiogram for severe acute COVID-19
(n = 111).

e

f

Severe organ involvement was diagnosed on presentation with the exception of ejection fractions and coronary
artery aneurysms. Criteria for severe organ involvement are listed in Box 2.

0.5 (−2.0 to 1.0)

30.0 (24.5 to 35.5)

1.9 (0.2 to 3.7)

36.6 (31.8 to 41.4)

3.0 (1.2 to 7.4)

0.7 (−3.2 to 7.3)

5.6 (−0.2 to 11.5)

Difference (95% CI)c

d

8 (1.4)

4.0 (2.0 to 8.0)

251

253 (43.8)

3.0 (2.0 to 8.0)

560

8 (1.4)

50 (8.7)

84 (14.6)

188 (32.6)

292 (50.6)

Severe acute COVID-19 (n = 577 [52%])

Study cohort from the Overcoming COVID-19 registry (n = 1116)

Table 2. Clinical Course of Patients With MIS-C and Severe Acute COVID-19a,b (continued)
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Figure 2. Multivariable Analyses of MIS-C vs COVID-19
A Comparison of baseline demographic and clinical characteristicsa

No. (%)
MIS-C
(n = 539)

Severe acute
COVID-19
(n = 577)

Absolute risk
difference, %
(95% CI)b

More likely
COVID-19

Adjusted risk ratio
(95% CI)c

More likely
MIS-C

P value

Age, y
0-5

178 (33.0)

211 (36.6)

–3.5 (–9.1 to 2.0)

1 [Reference]

6-12

220 (40.8)

112 (19.4)

21.4 (16.1 to 26.7)

1.51 (1.33 to 1.72)

<.001

13-20

141 (26.2)

254 (44.0)

–17.9 (–23.4 to –12.4)

0.99 (0.84 to 1.17)

.89

Race/ethnicityd
White, non-Hispanic

63 (11.7)

106 (18.4)

–6.7 (–10.8 to –2.5)

1 [Reference]

Black, non-Hispanic

174 (32.3)

124 (21.5)

10.8 (5.6 to 16.0)

1.43 (1.17 to 1.76)

<.001

Hispanic or Latino

193 (35.8)

262 (45.4)

–9.6 (–15.3 to –3.9)

1.06 (0.86 to 1.30)

.60

Male

312 (57.9)

307 (53.2)

4.7 (–1.1 to 10.5)

1 [Reference]

Female

227 (42.1)

270 (46.8)

–4.7 (–10.5 to 1.1)

0.90 (0.81 to 1.01)

No

372 (69.0)

219 (37.9)

31.1 (25.5 to 36.6)

1 [Reference]

Yes

167 (31.0)

358 (62.1)

–31.1 (–36.6 to –25.5)

0.52 (0.45 to 0.60)

Sex
.08

≥1 Underlying medical conditions
<.001
0.1

1

10

Adjusted risk ratio (95% CI)
B

Comparison of clinical phenotypes and laboratory valuesa
No./total No. (%)
MIS-C
(n = 539)

Severe acute
COVID-19
(n = 577)

Absolute risk
difference, %
(95% CI)b

More likely
COVID-19

Adjusted risk ratio
(95% CI)c

More likely
MIS-C

P value

Clinical group by complication
Respiratory without cardiovascular

130/539 (24.1) 408/577 (70.7) –46.6 (–51.8 to –41.4) 1 [Reference]

Cardiorespiratory

302/539 (56.0) 51/577 (8.8)

47.2 (42.4 to 52.0)

2.99 (2.55 to 3.50)

<.001

Cardiovascular without respiratory

57/539 (10.6)

17/577 (2.9)

7.7 (4.7 to 10.6)

2.49 (2.05 to 3.02)

<.001

Mucocutaneous without respiratory
or cardiovascular

38/539 (7.1)

13/577 (2.3)

4.8 (2.3 to 7.3)

2.29 (1.84 to 2.85)

<.001

Other without respiratory,
cardiovascular, or mucocutaneous

12/539 (2.2)

88/577 (15.3)

–13.1 (–16.2 to –9.8)

0.43 (0.25 to 0.74)

.002

Laboratory value within first 48 h
Neutrophil to lymphocyte ratio >5

321/515 (62.3) 154/464 (33.2) 29.1 (23.2 to 35.1)

1.59 (1.40 to 1.80)

<.001

Platelets <150 × 103/μL

212/523 (40.5) 84/486 (17.3)

23.2 (17.9 to 28.6)

1.58 (1.43 to 1.75)

<.001

C-reactive protein level >100 mg/L

325/491 (66.2) 67/285 (23.5)

42.7 (36.2 to 49.1)

1.70 (1.51 to 1.92)

<.001
0.1

1

10

Adjusted risk ratio (95% CI)

than 1 represents a higher relative risk of MIS-C in the respective row relative
to the referent group within that category. Associations were adjusted for age
group (0-5 years, 6-12 years, 13-20 years), race/ethnicity (non-Hispanic White,
non-Hispanic Black, Hispanic of any race, other non-Hispanic), sex, 1 or more
vs no underlying medical conditions, and US Census region (Northeast, South,
Midwest, West).

COVID-19 indicates coronavirus disease 2019 and MIS-C, multisystem
inflammatory syndrome in children.
a

Included children and adolescents younger than 21 years of age from 66
hospitals in 31 states from March 15 to October 31, 2020.

b

Absolute row differences in characteristic between patients with MIS-C and
COVID-19 with exact confidence intervals; a positive value indicates that the
characteristic was more common in children and adolescents diagnosed with
MIS-C.

c

d

Other non-Hispanic race/ethnicity, which included patients documented as
having other, unknown, or mixed race, not shown in the table.

The primary outcome is diagnosis of MIS-C vs COVID-19. A risk ratio greater

region, and underlying conditions, whereas Hispanic patients did not appear to be at a higher risk for MIS-C than
COVID-19.14 In Kawasaki disease, Black race is a risk factor for
nonresponse to IVIG treatment and increased frequency of
coronary abnormalities.28,29
Similar to prior single-center studies, LVEF was found to
normalize in most patients with MIS-C within 1 to 2 weeks.30-32
Patients with severely depressed EF had a similar likelihood
and temporal trajectory of recovery to those with mild dysjama.com

function. The recovery of LVEF within a few weeks of diagnosis in most patients with MIS-C suggests that LV dysfunction
likely results from severe systemic inflammation and acute
stress more often than from ischemia or direct virusmediated myocardial damage. However, Matsubara et al30
demonstrated persistent abnormalities in strain and diastolic
function in patients with MIS-C and normal EF. These data, together with literature in adult patients with COVID-19,33 suggest that subclinical myocardial injury may persist even when
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Figure 3. Clinical Outcomes by Day of Hospitalization for Patients With MIS-C and Severe COVID-19

Patients receiving mechanical ventilation, %

A Mechanical ventilator support and death

20
MIS-C

COVID-19

16

12

8

4

0
1

2

3

4

5

6

7

10

14

18

22

28

Day of hospitalization
Hospitalized patients
529
510
MIS-C
428
Severe COVID-19 563
Receiving mechanical ventilation
49
81
MIS-C
66
Severe COVID-19 58
Cumulative deaths
0
1
MIS-C
0
3
Severe COVID-19
B

495
319

437
276

399
236

345
202

285
172

148
118

83
74

48
51

36
43

24
35

88
73

90
67

77
63

66
64

52
59
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42
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25
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8
16
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3
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3

5
3

5
3

6
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4
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Vasopressor support and death
Patients receiving vasopressor support, %

24

20
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12

8

4

0
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3

4
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7

Day of hospitalization
Hospitalized patients
528
MIS-C
Severe COVID-19 565
Receiving vasopressors
120
MIS-C
Severe COVID-19 19
Cumulative deaths
0
MIS-C
0
Severe COVID-19

509
430

494
322

436
279

399
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345
205
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174

146
119
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48
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traditional measures of LV systolic function are normal. To understand the longer-term implications for myocardial health,
including risk for myocardial fibrosis and diastolic dysfunction, it is critical to have comprehensive assessment of LV systolic and diastolic function in a large, multicenter cohort followed up longitudinally with centralized review of cardiac
imaging. Cardiac magnetic resonance imaging and the rare endomyocardial biopsy or postmortem specimen may further
help to clarify the underlying pathology and mechanisms of
myocardial involvement in MIS-C.
Coronary artery aneurysms were generally small in size and
regressed to normal internal lumen diameter within several
weeks in a population that was often treated with IVIG, an ef1084

A, Graph shows mechanical ventilator
support and death among patients
with MIS-C (n = 529 with respiratory
support data available) and patients
with severe acute COVID-19 (n = 563
with respiratory support data
available). B, Graph shows
vasopressor support and death
among patients with MIS-C (n = 528
with vasopressor support data
available) and patients with severe
acute COVID-19 (n = 565 with
vasopressor support data available).
Percentages receiving mechanical
ventilator or vasopressor support by
day of admission use the full
denominators specified at day 1 (the
initial day of hospitalization). Some
patients had missing information on
mechanical ventilator or vasopressor
use and are excluded. Tables below
the x-axis present the number of
patients with MIS-C and COVID-19
still hospitalized by admission day,
the number on mechanical
ventilation or receiving vasopressor
support, and the cumulative deaths
during index hospitalization.
Cardiovascular pediatric Severe
Organ Failure Assessment (pSOFA)
scores range from 0 to 4 and were
documented daily through 7 days,
twice weekly through day 22, then at
day 28. Details of pSOFA score
criteria are included in eTable 2 in the
Supplement. Scores of 2 to 4,
indicating vasopressor use, are
presented in the figure. COVID-19
indicates coronavirus disease 2019;
MIS-C, multisystem inflammatory
syndrome in children.

fective therapy for reduction of prevalence of aneurysms in
Kawasaki disease.22 The pathophysiology of coronary enlargement in MIS-C has not been elucidated. However, the mild severity and rapid resolution may suggest that coronary enlargement in MIS-C more often results from vasodilation in the
setting of a highly proinflammatory milieu,34 rather than from
destruction of the arterial wall by inflammatory cells.35 Coronary imaging results were abstracted from reports of echocardiograms performed at varying times after hospital discharge, using inconsistent z score calculators, and of uncertain
imaging quality. Future studies using standardized protocols
and core laboratory interpretation will build on the results of
this study and others.36
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Figure 4. Cardiovascular Outcomes of Patients With MIS-Ca
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A. Graph shows resolution of decreased left ventricular ejection fraction (EF) on
echocardiogram with mild (EF, 45% to <55%), moderate (EF, 35% to <45%),
and severe (EF<35%) impairment with days to normalization (EF ⱖ55%).
B, Graph shows resolution of coronary artery aneurysms defined as z score
ⱖ2.5 for left anterior descending or right coronary artery.
Patients were evaluated from the day of first echocardiographic evaluation and
censored on the day when repeat echocardiograph showed recovery or on the
day of their last repeat echocardiogram if they had not recovered through

Most patients classified as having MIS-C and COVID-19 experienced severe respiratory involvement and it is possible that
some patients may have had COVID-19 with cardiovascular involvement, as has been described in adult patients, rather than
MIS-C.37 Current criteria for MIS-C may also capture a spectrum of hyperinflammation and cardiovascular involvement
occurring acutely and during the postinfectious phase. Misclassification of these patients might impede optimal treatment if the pathogenesis differs between MIS-C and COVID19; however, it is possible that anti-inflammatory agents like
steroids could be beneficial for both.38,39 Although longerterm follow-up is needed to assess outcomes and sequelae,
most children with MIS-C with severe cardiac manifestations
experienced clinical recovery within 30 days.
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Kaplan-Meier curves shown up to 40 days from admission given early resolution
of cardiac dysfunction in most patients with few uncensored by 40 days. Five
patients were censored before documented resolution of reduced left ventricular
EF at a median time of 2 days (range, 0-8 days); all other patients had resolution
documented by 142 days. Nine patients were censored before documented
resolution of coronary artery aneurysms at a median time of 4 days (range, 0-30
days); all other patients had resolution documented by 76 days.

and missingness might be nonrandom. Third, participating hospitals may not be generalizable and likely overrepresented patients seeking care at tertiary care centers. Fourth, although
93% of patients with MIS-C had echocardiograms, most patients with severe COVID-19 did not have detailed cardiac assessments. Among patients with COVID-19, only 19% had echocardiograms, and although LV dysfunction and coronary
aneurysms were rare, they could have been underappreciated. Fifth, the efficacies of different immunomodulatory regimens on recovery of LV function in the current study were not
examined.40 Sixth, because MIS-C is thought to be delayed in
onset after SARS-CoV-2 infection,5,38 its distinction from acute
COVID-19 could be improved by elucidating the temporal progression from viral exposure to disease onset.

Limitations
This study has several limitations. First, data collection through
in-depth abstraction of routine clinical documentation is subject to incomplete reporting. Research personnel at each site
abstracted data and were part of a large research network with
extensive data collection experience and intensive data clarification procedures. Second, missing data were not imputed
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Conclusions
This case series of patients with MIS-C and with COVID-19 identified patterns of clinical presentation and organ system involvement. These patterns may help differentiate between
MIS-C and COVID-19.
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