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BACKGROUND
Understanding the epidemiology and clinical course of multisystem inflammatory 
syndrome in children (MIS-C) and its temporal association with coronavirus dis-
ease 2019 (Covid-19) is important, given the clinical and public health implications 
of the syndrome.
METHODS
We conducted targeted surveillance for MIS-C from March 15 to May 20, 2020, in 
pediatric health centers across the United States. The case definition included six 
criteria: serious illness leading to hospitalization, an age of less than 21 years, fever 
that lasted for at least 24 hours, laboratory evidence of inflammation, multisystem 
organ involvement, and evidence of infection with severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) based on reverse-transcriptase polymerase 
chain reaction (RT-PCR), antibody testing, or exposure to persons with Covid-19 
in the past month. Clinicians abstracted the data onto standardized forms.
RESULTS
We report on 186 patients with MIS-C in 26 states. The median age was 8.3 years, 
115 patients (62%) were male, 135 (73%) had previously been healthy, 131 (70%) 
were positive for SARS-CoV-2 by RT-PCR or antibody testing, and 164 (88%) were 
hospitalized after April 16, 2020. Organ-system involvement included the gastroin-
testinal system in 171 patients (92%), cardiovascular in 149 (80%), hematologic in 
142 (76%), mucocutaneous in 137 (74%), and respiratory in 131 (70%). The median 
duration of hospitalization was 7 days (interquartile range, 4 to 10); 148 patients (80%) 
received intensive care, 37 (20%) received mechanical ventilation, 90 (48%) received 
vasoactive support, and 4 (2%) died. Coronary-artery aneurysms (z scores ≥2.5) were 
documented in 15 patients (8%), and Kawasaki’s disease–like features were docu-
mented in 74 (40%). Most patients (171 [92%]) had elevations in at least four bio-
markers indicating inflammation. The use of immunomodulating therapies was 
common: intravenous immune globulin was used in 144 (77%), glucocorticoids in 
91 (49%), and interleukin-6 or 1RA inhibitors in 38 (20%).
CONCLUSIONS
Multisystem inflammatory syndrome in children associated with SARS-CoV-2 led 
to serious and life-threatening illness in previously healthy children and adoles-
cents. (Funded by the Centers for Disease Control and Prevention.)
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The coronavirus disease 2019 (Covid-
 19) pandemic has caused catastrophic dis-
ease worldwide, although children have 

been relatively spared.1,2 Severe lung involvement 
with acute respiratory failure is the most com-
mon complication of Covid-19 in adults, but 
many have complications in multiple organs, 
including the heart.3-5 Adults with severe Covid-
 19 typically present during the second week of 
illness, a time coinciding with declining viral 
loads and increasing markers of inflammation.3-5 
These observations suggest that host tissue dam-
age is mediated by dysregulated innate and adap-
tive immune responses.6 In contrast, most children 
and adolescents with severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) infection 
have mild Covid-19 that does not lead to medical 
intervention.1,2 In late April 2020, clinicians in 
the United Kingdom reported a cluster of eight 
previously healthy children presenting with cardio-
vascular shock, fever, and hyperinflammation.7 
On May 14, 2020, the Centers for Disease Control 
and Prevention (CDC) issued a national health 
advisory to report on cases meeting the criteria 
for multisystem inflammatory syndrome in chil-
dren (MIS-C).8

In published case series, many of the pediat-
ric patients with this hyperinflammatory syn-
drome have had fever and mucocutaneous man-
ifestations similar to those of Kawasaki’s disease, 
a rare vasculitis of childhood that can cause cor-
onary-artery aneurysms.7,9-14 Some patients have 
presented with features of toxic shock syndrome, 
secondary hemophagocytic lymphohistiocytosis, 
or macrophage activation syndrome.15,16 Although 
the cause of Kawasaki’s disease remains un-
known, a preceding or active infection has been 
suspected.17,18 Like Kawasaki’s disease, MIS-C is 
a syndrome with a range of clinical presenta-
tions and an absence of pathognomonic findings 
or diagnostic tests. Unlike Kawasaki’s disease, 
however, MIS-C has been suggested in early re-
ports to predominantly affect adolescents and 
children older than 5 years of age and to be as-
sociated with more frequent cardiovascular in-
volvement.7,11,12

Characterizing the epidemiology, spectrum of 
illness, clinical course, treatments, and progno-
sis of MIS-C is key for reducing morbidity and 
mortality. In April 2020, the CDC initiated sur-
veillance for severe Covid-19 in children and ado-
lescents (the Overcoming COVID-19 study).19 In 

this report, we summarize the epidemiology and 
clinical characteristics of 186 cases of MIS-C 
reported to the Overcoming COVID-19 study and 
the CDC by clinicians in 26 states.

Me thods

Overview

We conducted prospective and retrospective sur-
veillance of patients with MIS-C who were ad-
mitted to participating health centers from March 
15, 2020, to May 20, 2020. Participating health 
centers in the Overcoming COVID-19 study were 
members of the Pediatric Acute Lung Injury and 
Sepsis Investigators Pediatric Intensive Care In-
fluenza and Emerging Pathogens Subgroup, 
which was made up of investigators at 38 sites 
funded by the CDC to conduct surveillance for 
pandemic surveillance preparedness20 and at 15 
additional sites.21

On May 5, clinician investigators at Overcom-
ing COVID-19 surveillance sites were told to re-
port cases of MIS-C that met the case definition. 
Clinicians at participating sites who had knowl-
edge of patients with MIS-C abstracted medical 
records onto a standardized form and then into 
an electronic database (Research Electronic Data 
Capture [REDCap], Vanderbilt University). The 
Boston Children’s Hospital Institutional Review 
Board and the CDC Human Subjects Research 
Protection Office waived the need for informed 
consent for this study because of the declaration 
of a public health emergency. The authors vouch 
for the accuracy and completeness of the data.

Study Definitions

The case definition of MIS-C included six crite-
ria8: serious illness leading to hospitalization, an 
age of less than 21 years, fever (body tempera-
ture, >38.0°C) or report of subjective fever last-
ing at least 24 hours, laboratory evidence of in-
flammation, multisystem organ involvement (i.e., 
involving at least two systems), and laboratory-
confirmed SARS-CoV-2 infection (positive SARS-
CoV-2 real-time reverse-transcriptase polymerase 
chain reaction [RT-PCR] or antibody test during 
hospitalization) or an epidemiologic link to a 
person with Covid-19 (Table S1 in the Supple-
mentary Appendix, available with the full text of 
this article at NEJM.org). An epidemiologic link 
was defined as exposure to a person with sus-
pected Covid-19 within 4 weeks before the onset 
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of MIS-C symptoms, determined on the basis of 
clinician judgment because of differences in test-
ing availability, delays in the manifestation of 
MIS-C in relation to exposure to the virus, and 
geographic differences in Covid-19 activity. To 
address duplicate reporting, we excluded patients 
who had been included in the New York Depart-
ment of Health surveillance report22 and note in-
clusion of cases reported in previous studies in 
the Supplementary Appendix (page 5).

Categories of SARS-CoV-2 test results included 
RT-PCR positivity (with or without a positive anti-
body test), antibody positivity only (with negative 
or unknown RT-PCR results), or an epidemiologi-
cal link with negative RT-PCR results and nega-
tive or unknown antibody test results. We also 
assessed Kawasaki’s disease–like signs and symp-
toms among the patients with multisystem in-
flammatory syndrome (Table S2).10

We described organ-system involvement on 
the basis of symptoms, clinical findings, and 
laboratory measures (Table S3). The severity of 
cardiovascular involvement was specifically eval-
uated.7,11,12 Cardiovascular involvement was iden-
tified on the basis of any of the following: receipt 
of vasopressor or vasoactive support, an echocar-
diogram showing an ejection fraction of less 
than 55% (based on measurement or qualitative 
evaluation of decreased left ventricular function) 
or a maximum z score of the left anterior de-
scending or right coronary artery of at least 2.5 on 
any echocardiogram,10 pericarditis or pericardial 
effusion, elevated levels of troponin or B-type na-
triuretic peptide (BNP), cardiac arrhythmia, pul-
monary edema due to left heart failure, or receipt 
of cardiopulmonary resuscitation (see the Supple-
mentary Appendix).

Statistical Analysis

We report the frequency of clinical features, rel-
evant laboratory findings, and treatments among 
patients stratified according to SARS-CoV-2 test 
results, age groups, and clinical syndromes. Con-
tinuous variables were expressed as medians and 
interquartile ranges or ranges, and categorical 
variables were expressed as counts and percentag-
es. We did not impute missing data. We analyzed 
all data using R software, version 3.6.1 (R Project 
for Statistical Computing).

R esult s

Case-Defining, Demographic, and Clinical 
Characteristics

Of 234 patients admitted to 53 participating 
hospitals, we excluded 21 whose condition did 
not meet the case definition and 27 who were 
included in the New York State Department of 
Health report.22 Among the 186 patients with 
MIS-C included in our report (Fig. 1A), 22 (12%) 
were hospitalized between March 16 and April 
15, and 164 (88%) were hospitalized between 
April 16 and May 20; the peak incidence of MIS-C 
occurred when Covid-19 activity was decreasing 
(Fig. 1B).

The majority of patients (131 [70%]) tested 
positive for SARS-CoV-2 infection by RT-PCR, 
antibody testing, or both, and 55 (30%) had an 
epidemiologic link to a person with Covid-19 
(Table 1). Among the 14 patients with recorded 
Covid-19 symptoms before the onset of MIS-C, 
the median interval from Covid-19 symptom on-
set to MIS-C symptom onset was 25 days (range, 
6 to 51). The median age of the patients was 8.3 
years (interquartile range, 3.3 to 12.5), 115 (62%) 
were male, and 135 (73%) had previously been 
healthy. Overall, 35 patients (19%) were white 
non-Hispanic, 46 (25%) were black non-Hispanic, 
9 (5%) were another race and non-Hispanic, 57 
(31%) were Hispanic or Latino, and 41 (22%) 
were of unknown race (race categories were non-
exclusive).

Clinical Characteristics and Treatment

Most patients (132 [71%]) had involvement of at 
least four organ systems (Table 1). The most 
commonly involved organ systems were the gas-
trointestinal (171 [92%]), cardiovascular (149 
[80%]), hematologic (142 [76%]), mucocutaneous 
(137 [74%]), and respiratory (131 [70%]) systems 
(Fig. 2 and Table S4). Most patients (148 [80%]) 
were cared for in an intensive care unit, and 37 
(20%) received invasive mechanical ventilation. 
Eight patients (4%) received extracorporeal mem-
brane oxygenation (ECMO) support. As of May 
20, 2020, a total of 130 patients (70%) had been 
discharged alive, 52 (28%) were still hospitalized, 
and 4 (2%) had died. The median length of hos-
pitalization was 7 days (interquartile range, 4 to 
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Figure 1. Geographic and Temporal Representation of Cases of Multisystem Inflammatory Syndrome in Children 
(MIS-C).

Panel A shows the cases of MIS-C included in this report according to state; cases are only from the reporting hos-
pitals and do not reflect all cases in each state.1 Panel B shows statewide pooled percentages of positivity for severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) laboratory testing of respiratory specimens from persons 
younger than 21 years of age as compared with hospitalization dates for patients with MIS-C included from partici-
pating hospitals from March 15 to May 15, 2020.2 The percentage of positivity for SARS-CoV-2 is based on pooled 
results from tests reported to the Centers for Disease Control and Prevention from commercial and public health 
laboratories in 25 of the 26 states in which hospitals in our system that reported cases of MIS-C are located.

B Temporal Relationship between MIS-C and Covid-19 Activity in Persons <21 Yr of Age
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Table 1. Demographic and Clinical Characteristics of the Patients According to SARS-CoV-2 Infection Status.

Characteristic

Laboratory Confirmation 
 of SARS-CoV-2 Infection 

(N = 131)

Epidemiologic Link 
 to Person with 

Covid-19 
(N = 55)*

All Patients 
(N = 186)

RT-PCR Positive 
(N = 73)†

Antibody Test Positive, 
 RT-PCR Negative 

 or Unknown 
(N = 58)

Male sex — no. (%) 43 (59) 36 (62) 36 (65) 115 (62)

Median age (interquartile range) — yr 9.1 (4.8–14.2) 9.1 (4.1–11.7) 3.9 (1.4–11.6) 8.3 (3.3–12.5)

Age group — no. (%)

<1 yr 6 (8) 0  7 (13) 13 (7)

1−4 yr 13 (18) 19 (33) 21 (38)  53 (28)

5−9 yr 21 (29) 14 (24) 11 (20)  46 (25)

10−14 yr 17 (23) 18 (31) 10 (18)  45 (24)

15−20 yr 16 (22)  7 (12)  6 (11)  29 (16)

Race and ethnic group — no. (%)‡

White, non-Hispanic 13 (18)  8 (14) 14 (25)  35 (19)

Black, non-Hispanic 17 (23) 18 (31) 11 (20)  46 (25)

Hispanic or Latino 29 (40) 12 (21) 16 (29)  57 (31)

Other race, non-Hispanic 4 (5) 1 (2) 4 (7)  9 (5)

Unknown 11 (15) 19 (33) 11 (20)  41 (22)

Underlying conditions

Previously healthy — no. (%)§ 49 (67) 43 (74) 43 (78) 135 (73)

At least one underlying condition, excluding obe-
sity — no. (%)

24 (33) 15 (26) 12 (22)  51 (27)

Respiratory — no. (%) 16 (22) 12 (21) 5 (9)  33 (18)

Cardiac — no. (%) 2 (3) 2 (3) 1 (2)  5 (3)

Immunocompromising or autoimmune — no. 
(%)

6 (8) 1 (2) 3 (5) 10 (5)

Other — no. (%)¶ 15 (21) 3 (5) 2 (4)  20 (11)

Clinically diagnosed obesity — no./total no. 
(%)‖

8/62 (13) 3/55 (5) 1/36 (3) 12/153 (8)

BMI-based obesity — no./total no. (%)** 21/62 (34) 15/55 (27) 9/36 (25) 45/153 (29)

Organ-system involvement — no. (%)

Two systems 5 (7) 1 (2) 12 (22)  18 (10)

Three systems 14 (19) 10 (17) 12 (22)  36 (19)

Four or more systems 54 (74) 47 (81) 31 (56) 132 (71)

Detection of additional virus — no. (%)†† 6 (8) 2 (3) 1 (2)  9 (5)

Highest level of care — no. (%)

Ward 11 (15) 5 (9) 22 (40)  38 (20)

Intensive care unit 62 (85) 53 (91) 33 (60) 148 (80)

Extracorporeal membrane oxygenation 6 (8) 1 (2) 1 (2)  8 (4)

Mechanical ventilation 23 (32) 8 (14)  6 (11)  37 (20)
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10) among the patients who were discharged 
alive and 5 days (range, 2 to 5) among those who 
died. The 4 patients who died were 10 to 16 
years of age; 2 of the patients had diagnoses of 
underlying conditions, and 3 received ECMO 
support (Table S5).

Among the patients with MIS-C, 131 of 167 
(78%) had fever for 5 or more days, and at least 
151 of 167 (90%) had fever for 4 or more days. 
Overall, 74 patients (40%) had fever for at least 
5 days and four or five Kawasaki’s disease–like 
features or two or three Kawasaki’s disease–like 
features plus additional laboratory or echocar-
diographic findings (Table 2 and Table S2). 
Treatment with intravenous immune globulin 
was most common in these two groups (100% 
and 97%, respectively, vs. 63% among other pa-
tients). Almost half the patients (91 [49%]) re-
ceived glucocorticoids, 14 (8%) received interleu-
kin-6 inhibitors (tocilizumab or siltuximab), and 
24 (13%) received an interleukin-1Ra inhibitor 
(anakinra) (Table 2).

Organ Involvement and Inflammatory 
Markers

Cardiovascular involvement was common (in 149 
patients [80%]) (Fig. 2A and Table S4), with 90 
patients (48%) receiving vasoactive support. The 
majority of patients had elevated levels of BNP 
(94 of 128 [73%]), and 50% (77 of 153) had el-
evated troponin levels. Most patients (170 [91%]) 
had at least one echocardiogram. Coronary- 
artery aneurysms identified on the basis of a 
z score of 2.5 or higher in the left anterior de-
scending or right coronary artery were docu-
mented in 8% of the patients (15 of 186) and in 
9% of those with echocardiograms (15 of 170). 
Respiratory insufficiency or failure occurred in 109 
patients (59%) (Fig. 2B and Table S6); 85 (78%) of 
these patients had no underlying respiratory condi-
tions. Overall, 37 patients (20%) received invasive 
mechanical ventilation and 32 (17%) received non-
invasive mechanical ventilation.

Most patients (171 [92%]) had four or more 
laboratory biomarkers indicating inflammation. 

Characteristic

Laboratory Confirmation 
 of SARS-CoV-2 Infection 

(N = 131)

Epidemiologic Link 
 to Person with 

Covid-19 
(N = 55)*

All Patients 
(N = 186)

RT-PCR Positive 
(N = 73)†

Antibody Test Positive, 
 RT-PCR Negative 

 or Unknown 
(N = 58)

Outcome — no. (%)

Still hospitalized as of May 20, 2020 26 (36) 19 (33)  7 (13)  52 (28)

Discharged alive 44 (60) 39 (67) 47 (85) 130 (70)

Died 3 (4) 0 1 (2)  4 (2)

*  Patients without laboratory-confirmed severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection (i.e., because of negative 
or unknown test results or lack of testing) were classified as having an epidemiologic link if they had exposure to a person with coronavi-
rus disease 2019 (Covid-19) within 4 weeks before the onset of symptoms of multisystem inflammatory syndrome.

†  Of the 73 patients who had SARS-CoV-2 infection confirmed by reverse-transcriptase polymerase chain reaction (RT-PCR), 27 were also 
antibody positive (see the Supplementary Appendix).

‡  Race and ethnic group were reported by the patient or by the patient’s parent or guardian. Race categories are not mutually exclusive.
§  ”Previously healthy” was defined as an absence of reported underlying conditions (excluding obesity).
¶  “Other” includes neurologic, hematologic, gastrointestinal or hepatic, renal, endocrine (including diabetes mellitus), metabolic (other 

than obesity), and genetic conditions.
‖  The determination of clinically diagnosed obesity was based on reporting by clinicians among patients who were at least 2 years of age.
**  The body-mass index (BMI) is the weight in kilograms divided by the square of the height in meters. BMI-based obesity was defined on 

the basis of national reference standards for BMI and was calculated only for patients who were at least 2 years of age. The category in-
cludes patients with clinician-diagnosed obesity.23

††  Viral test results were as follows: among the patients with RT-PCR confirmation of SARS-CoV-2 infection, additional viral infections in-
cluded Epstein–Barr virus (1 patient), Epstein–Barr virus plus parvovirus B19 (1 patient), rhinovirus (2 patients), rhinovirus/enterovirus  
(1 patient), and human metapneumovirus (1 patient). Among the patients who were antibody-positive for SARS-CoV-2 infection, additional 
viral infections included rhinovirus (1 patient) and parainfluenza (1 patient). Among the patients with an epidemiologic link to a person 
with Covid-19, additional viral infections included human metapneumovirus (1 patient).

Table 1. (Continued.)

The New England Journal of Medicine 
Downloaded from nejm.org at SUNY DOWNSTATE HEALTH SCIENCES UNIVERSITY on September 29, 2022. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 



n engl j med 383;4 nejm.org July 23, 2020340

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

80

919391

78
2 2

7
23

8081

68

7
1

56

8079
87

76

53

84

67

32

62

39
33 3637

9

2724

11

42

25

8
16

75 24
11

55
13

9
3

78
2

Pe
rc

en
t

100

75

50

25

0

Any C
ar

diov
as

cu
lar

    

In
vo

lve
m

en
t

50

73

Elev
ate

d Tro
pon

in

BNP >
40

0 p
g/

m
l

12

48

4

Arrh
yth

m
ia

Vas
op

re
ss

or
 Suppor

t

or
 V

as
oa

cti
ve

 In
fu

sio
ns

ECM
O

B Noncardiovascular Involvement

C Overlap in Organ-System Involvement

A Cardiovascular Involvement

Pe
rc

en
t

100

75

50

25

0

Any G
I I

nvo
lve

m
en

t

Hep
ati

tis
 or h

ep
ato

m
eg

aly

Pan
cre

ati
tis

Gall
bla

dder
 hyd

ro
ps

Any H
em

ato
log

ic 
In

vo
lve

m
en

t

DVT or p
ulm

onar
y e

m
bo

lis
m

Any M
uco

cu
tan

eo
us I

nvo
lve

m
en

t

Any R
es

pira
to

ry 
In

vo
lve

m
en

t

Res
pira

to
ry 

insu
ffi

cie
ncy

In
filt

ra
te 

on ch
es

t r
ad

iogr
ap

h

Pleu
ra

l e
ffu

sio
ns

In
va

siv
e m

ec
han

ica
l v

en
tila

tio
n

Any N
eu

ro
log

ic 
In

vo
lve

m
en

t

Any R
en

al 
In

vo
lve

m
en

t

Acu
te 

kid
ney

 in
jury

M
yo

sit
is 

or m
ya

lgi
as

Arth
rit

is 
or a

rth
ra

lgi
as

Any M
usc

ulos
ke

let
al 

In
vo

lve
m

en
t

<5 yr (N=66) 5–12 yr (N=75) 13–20 yr (N=45)Age Group:

Gastrointestinal

Gas
tro

intes
tin

al

Car
diac

M
uco

cu
tan

eo
us

Hem
ato

log
ic

Res
pira

to
ry

M
usc

ulos
ke

let
al

Ren
al

Neu
ro

log
ic

Cardiac

Hematologic

Mucocutaneous

Respiratory

Musculoskeletal

Renal

Neurologic

25%

50%

75%

Percentage

91

26

5

33

62

8

Ech
oc

ar
diog

ra
phy

Per
fo

rm
ed

Per
ica

rd
iti

s o
r  

  

Per
ica

rd
ial

 Effu
sio

n

Ejec
tio

n Fr
ac

tio
n <

30
%

Ejec
tio

n Fr
ac

tio
n

30
 to

 <
55

%

Ejec
tio

n Fr
ac

tio
n ≥

55
%

LA
D or

 R
AD z 

Sco
re

 ≥
2.5

The New England Journal of Medicine 
Downloaded from nejm.org at SUNY DOWNSTATE HEALTH SCIENCES UNIVERSITY on September 29, 2022. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 



n engl j med 383;4 nejm.org July 23, 2020 341

Multisystem Inflammatory Syndrome in U.S. Children

The majority had an elevated erythrocyte sedi-
mentation rate or C-reactive protein level, lym-
phocytopenia, neutrophilia, elevated ferritin level, 
hypoalbuminemia, elevated alanine aminotrans-
ferase level, anemia, thrombocytopenia and an 
elevated d-dimer level, prolonged international 
normalized ratio, or elevated fibrinogen level 
(Fig. 3 and Table S7).

Table S8 shows a comparison of the results 
that were obtained with and without the 27 pa-
tients who were part of the New York State Depart-
ment of Health report included in the analysis.22

Discussion

We describe 186 patients younger than 21 years 
of age who met the criteria for MIS-C associated 
with SARS-CoV-2 infection from across the Unit-
ed States. The majority of patients (70%) had 
laboratory-confirmed antecedent or concurrent 
SARS-CoV-2 infection, and most had no docu-
mented underlying conditions. Cardiovascular in-
volvement was common, with almost half receiv-
ing vasopressor or vasoactive support and 1 in 
12 having coronary-artery aneurysms. Most pa-
tients were cared for in an intensive care unit, 
and 20% received invasive mechanical ventilator 
support. Although most discharged patients sur-
vived, 28% were still hospitalized as of May 20, 
2020, and 4 patients (2%) died, 2 of whom had 
previously been healthy.

Evidence supporting a causal link with SARS-
CoV-2 includes a strong temporal association with 
Covid-19 activity, confirmation of SARS-CoV-2 
infection through nucleic acid or antibody test-
ing in the majority of patients, and hyperinflam-
matory manifestations similar to those in adults 
with Covid-19.24-26 Almost one third of the pa-
tients tested negative for SARS-CoV-2 by RT-PCR 
but had detectable antibodies. In a small sub-
group of the patients in our series, a median in-
terval of 25 days was reported between the onset 
of Covid-19 symptoms and hospitalization for 
MIS-C. Although not sufficient to establish cau-
sality, these findings suggest that a substantial 
proportion of the patients in this series were 
infected with SARS-CoV-2 at least 1 to 2 weeks 
before the onset of MIS-C.27

These patients met a case definition devel-
oped by the CDC that was designed to be sensi-
tive.8 Although more than one third of the pa-
tients had Kawasaki’s disease–like clinical features, 
60% of the patients would not have met com-
plete or incomplete criteria for Kawasaki’s dis-
ease. Patients with Kawasaki’s disease–like fea-
tures were more likely to be younger than 5 years 
old, similar to what is seen among patients with 
Kawasaki’s disease reported in the literature.9,10 
Some of the Kawasaki’s disease–like features, 
including fever, erythroderma, and delayed des-
quamation, are also seen in toxic shock syn-
drome, which can have manifestations of multi-
organ involvement and has been associated with 
other viruses.14,28

Although both Kawasaki’s disease and MIS-C 
can have cardiovascular involvement, the nature 
of this involvement appears to differ between 
the two syndromes. We observed cardiovascular 
involvement leading to vasopressor or vasoactive 
support as a common and severe subphenotype, 
most frequently in older children and adoles-
cents. Approximately 5% of children with Kawa-
saki’s disease in the United States present with 
cardiovascular shock leading to vasopressor or 
inotropic support,10 as compared with 50% of 
the patients in our series. Myocardial dysfunc-
tion is a prominent extrapulmonary manifesta-
tion of Covid-19 that has been associated with 
increased mortality in adults.29,30 Coronary-artery 
aneurysms are a common feature of Kawasaki’s 
disease, affecting approximately one quarter of 
patients within 21 days after disease onset.31 In 
our series, a maximum z score of 2.5 or higher 

Figure 2 (facing page). Organ-System Involvement  
in Patients with MIS-C.

Cardiovascular involvement and laboratory and diag-
nostic findings are shown in Panel A, and noncardio-
vascular complications and diagnostic findings accord-
ing to age are shown in Panel B. Numbers on each 
column represent percentages. The denominator for 
percentages was the 186 patients included in this re-
port, with the exception of the percentages of patients 
with elevated troponin and B-type natriuretic peptide 
(BNP), which were calculated among those with report-
ed values (128 patients and 153 patients, respectively). 
DVT denotes deep-vein thrombosis, ECMO extracorpo-
real membrane oxygenation, GI gastrointestinal, LAD 
left anterior descending, and RCA right coronary artery. 
Panel C is a heat map illustrating the overlap in organ-
system involvement among patients with MIS-C. The 
diagonal represents the percentage of patients with in-
volvement of each organ system. The intersections of 
rows and columns beneath the diagonal indicate the 
percentages of patients with both indicated organ sys-
tems involved.
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in the left anterior descending or right coronary 
artery was reported in 8% of the patients overall 
and in 9% of patients with echocardiograms. 
However, images may have been technically lim-
ited in some studies, and we were unable to 
evaluate the evolution of coronary dimensions 

after discharge. Cases of fatal and nonfatal myo-
cardial infarction in otherwise healthy young 
adults have been attributed to undiagnosed Ka-
wasaki’s disease during childhood.32 However, 
some patients had no Kawasaki’s disease find-
ings, which underscores the importance of per-

Table 2. Clinical Characteristics of the Patients According to the Number of Kawasaki’s Disease–like Features Present.*

Characteristic

Patients with 4 or 
5 Features 

(N = 38)

Patients with 2 or 
3 Features plus 

Laboratory Findings 
(N = 36)

Other 
(N = 112)†

All Patients 
(N = 186)

Median age (IQR) — yr 5.7 (1.7–8.9) 8.4 (4.2–12.0) 9.1 (3.1–14.1) 8.3 (3.3–12.5)

Signs and symptoms

Fever‡ 38 (100) 36 (100) 112 (100) 186 (100)

Median fever duration (IQR) — days  6 (6–8)  6 (6–8)   6 (4–8)   6 (5–8)

Fever duration — no./total no. (%)

≤3 days 0 0 16/93 (17) 16/167 (10)

4 days 0 0 20/93 (22) 20/167 (12)

≥5 days 38/38 (100) 36/36 (100) 57/93 (61) 131/167 (78)

Bilateral conjunctival injection — no. (%) 36 (95) 30 (83) 37 (33) 103 (55)

Oral mucosal changes — no. (%)  38 (100) 16 (44) 24 (21)  78 (42)

Peripheral extremity changes — no. (%) 36 (95) 14 (39) 19 (17)  69 (37)

Rash — no. (%)  38 (100) 27 (75) 45 (40) 110 (59)

Cervical lymphadenopathy >1.5 cm diameter — no. (%)§  7 (18) 3 (8) 8 (7)  18 (10)

Echocardiography performed — no. (%) 37 (97) 35 (97) 98 (88) 170 (91)

LAD or RCA z score of ≥2.5¶ 3 (8)  8 (23) 4 (4) 15 (9)

Treatment

Intravenous immune globulin — no. (%)  38 (100) 35 (97) 71 (63) 144 (77)

Median day of illness on which treatment was received 
(IQR)

6 (6–8) 7 (6–8) 6 (5–8) 6 (5–8)

Second dose received — no. (%) 16 (42)  9 (25) 14 (12)  39 (21)

Systemic glucocorticoid — no. (%) 20 (53) 18 (50) 53 (47)  91 (49)

Interleukin-6 inhibitor — no. (%)‖ 1 (3) 1 (3) 12 (11) 14 (8)

Interleukin-1Ra inhibitor — no. (%)**  5 (13)  6 (17) 13 (12)  24 (13)

Anticoagulation therapy — no. (%)†† 14 (37) 18 (50) 55 (49)  87 (47)

Highest level of care

Ward — no. (%) 13 (34) 2 (6) 23 (21)  38 (20)

Intensive care unit — no. (%) 25 (66) 34 (94) 89 (79) 148 (80)

*  Kawasaki’s disease–like features are listed in Table S2 in the Supplementary Appendix. The number of features excludes fever. IQR de-
notes interquartile range, LAD left anterior descending, and RCA right coronary artery.

†  This category includes patients who had 0 or 1 Kawasaki’s disease–like features or 2 or 3 features without additional laboratory findings.
‡  Fever was defined as a body temperature higher than 38.0°C.
§  Data on cervical lymphadenopathy were not collected systematically for patients with fewer than two principal signs of Kawasaki’s disease.
¶  The denominator for the calculation of these percentages was the number of patients who had echocardiography performed.
‖  Interleukin-6 inhibitors included tocilizumab and siltuximab.
**  The interleukin-1Ra inhibitor given was anakinra.
††  Anticoagulation therapy included heparin, enoxaparin, bivalirudin, warfarin, and argatroban.
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forming echocardiography in all patients pre-
senting with MIS-C. Until more is known about 
long-term cardiac sequelae of MIS-C, providers 
could consider following Kawasaki’s disease 
guidelines for follow-up, which recommend re-
peat echocardiographic imaging at 1 to 2 weeks 
and 4 to 6 weeks after treatment for patients 
whose disease course is uncomplicated and more 
frequent echocardiography for patients with cor-
onary-artery z scores of 2.5 or higher.10 Long-term 

monitoring for other potential sequelae of MIS-C 
will also be critical.

Understanding the pathogenesis of MIS-C will 
be necessary to inform clinical management and 
prevention efforts. In our case series, a majority 
of patients were treated with immunomodulatory 
drugs, most commonly intravenous immune glob-
ulin (77%) and systemic glucocorticoids (49%). 
Our study was not designed to evaluate or com-
pare the long-term effectiveness of any therapies; 

Figure 3. Laboratory Markers in Patients with MIS-C Associated with Covid-19.

Denominators varied and are provided in Table S6 in the Supplementary Appendix. Lymphocytopenia was defined 
as an absolute lymphocyte count of less than 1500 per microliter in patients 8 months of age or older and of less 
than 4500 per microliter in patients younger than 8 months of age. Neutrophilia was defined as a maximum abso-
lute neutrophil count higher than 7700 per microliter. Increased troponin was defined on the basis of the hospital 
cutoff for the upper limit of the normal range. No imputations were made for missing laboratory values. ALT de-
notes alanine aminotransferase, ESR erythrocyte sedimentation rate, FEU fibrinogen equivalent units, and INR in-
ternational normalized ratio.

Lymphocytopenia

Neutrophilia

Hemoglobin <9 g/dl

Platelets <150,000/mm3

Platelets <100,000/mm3

D-dimer >3000 ng/ml FEU

Fibrinogen >400 mg/dl

INR >1.1

Albumin ≤3 g/dl

C-Reactive Protein ≥3 mg/dl

Ferritin >500 ng/ml

ESR ≥40 mm/hr

Increased Troponin

BNP >400 pg/ml

ALT ≥40 U/liter

0 25 50 75 100

Percent

<5 yr (N=66)

5–12 yr (N=75)

13–20 yr (N=45)

Overall (N=186)

Age Group

The New England Journal of Medicine 
Downloaded from nejm.org at SUNY DOWNSTATE HEALTH SCIENCES UNIVERSITY on September 29, 2022. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 



n engl j med 383;4 nejm.org July 23, 2020344

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

however, most discharged patients survived. The 
selection of candidate treatment methods must 
be informed by whether organ damage is medi-
ated by ongoing viral replication in the affected 
tissues, an exuberant host inflammatory response, 
or both.6,33 Antiviral agents may be beneficial in 
the former situation, whereas immunomodula-
tory agents are generally preferred for immune 
dysregulation.33 In adult patients, the onset of 
severe Covid-19 coincides with a decline in viral 
load in the respiratory tract and an increase in 
markers of hyperinflammation,3-5 although virus 
replication in nonrespiratory tissues cannot be 
ruled out. The clinical and the laboratory fea-
tures of hyperinflammation, the timing of onset 
in relation to SARS-CoV-2 infection, and the 
similarities with the disease pattern in adults 
with Covid-195 support the hypothesis that MIS-
C is a consequence of immune-mediated injury 
triggered by SARS-CoV-2 infection.

Although available data suggest that MIS-C is 
an uncommon complication of SARS-CoV-2 in-
fection in children and adolescents, an essential 
question is why MIS-C develops in some patients 
in this age group and not in others. Potential 
age-specific differences among patients with 
MIS-C could result from differences in SARS-
CoV-2 infection related to the likelihood of expo-
sure or to differences in nasal expression of angio-
tensin-converting enzyme 2 (ACE2), the receptor 
used by SARS-CoV-2 for cell entry.34 In the senti-
nel MIS-C case series in London, five of the eight 
patients were of black or Afro-Caribbean de-
scent.7 The percentage of patients in our series 
who were black or Hispanic was also higher 
than in the U.S. population overall35 and was 
similar to the reported percentage of children 
who are black or Hispanic among those who are 
0 to 17 years of age and have Covid-19 in the 
U.S. population.36 Susceptibility to Kawasaki’s 
disease and its response to treatment may be 
influenced by the gut biome,37 as well as by sig-
naling pathways and genetic variants.10,38 Explo-
ration of potential host factors is also needed to 
identify potential determinants of developing 
MIS-C.10

We observed more cases of MIS-C in our sites 
in April than in March. The recent emergence of 
reported cases in several countries during the 
descent of the Covid-19 epidemic in those loca-
tions7,12,22,39 suggests that the increased detection 
of MIS-C in the later part of our surveillance 

period reflects a delayed onset after infection 
rather than an increase in community transmis-
sion. Surprisingly, published reports of illness 
similar to MIS-C occurring in China are lacking, 
with most reports of hospitalized children with 
Covid-19 in China indicating that their illness is 
nonsevere.1,40 Reasons for this observation are 
unclear and may involve differences in rates of 
infection in children, host factors, early treat-
ment with immunomodulators, or incomplete 
reporting.

Our case series study has certain limitations. 
The working MIS-C case definition was intended 
to be sensitive, and as a result, some cases may 
have had a different underlying cause. Cases of 
MIS-C were identified only from the reporting 
hospitals in each state, and the results are not 
generalizable beyond the surveillance population. 
In the absence of a comparison group, caution is 
warranted in interpreting our case-series data to 
infer risk factors for MIS-C, particularly with 
respect to factors such as age, sex, and race or 
ethnic group. Although we used a standardized 
case report form, clinical management differs 
among centers, and therefore we may not have 
captured certain variables completely, including 
detailed echocardiographic data on coronary-
artery outcomes and quality of imaging. Because 
of the limitations of a retrospective chart review 
and clinical testing, we were unable to accu-
rately assess the time of onset of SARS-CoV-2 
infection or the influence of false negative re-
sults on respiratory testing, nor were we able to 
test nonrespiratory specimens, including stool. 
Our pooled statewide results for SARS-CoV-2 test 
positivity may not accurately reflect test positiv-
ity or the incidence of Covid-19 in the catchment 
populations of our participating hospitals. Fi-
nally, to avoid duplicate reporting, we excluded 
27 patients who had been included in the New 
York Department of Health report22; this result-
ed in the exclusion of 2 additional previously 
healthy patients who died, which may have in-
fluenced our estimates. We therefore include re-
sults based on the entire sample of 213 patients 
in the Supplementary Appendix. Taken as a whole, 
the evidence from our investigations, from early 
reports from New York State and Europe, and 
from the literature on adult patients suggests 
that the cases of MIS-C are part of a spectrum 
of Covid-19–related disease with severe immune-
mediated pathology.
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We report the emergence of a life-threatening 
hyperinflammatory syndrome across the United 
States that involves damage to multiple organ 
systems in predominantly previously healthy 
children and adolescents during the Covid-19 
pandemic.

The findings and conclusions in this report are those of the 
authors and do not necessarily represent the official position of 
the Centers for Disease Control and Prevention.

Supported by the Centers for Disease Control and Prevention 
under a contract to Boston Children’s Hospital (75D30120C07725).
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