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Multisystem Inﬂammatory Syndrome of Children: Subphenotypes, Risk
Factors, Biomarkers, Cytokine Proﬁles, and Viral Sequencing
Roberta L. DeBiasi, MD, MS1,2,3,4, Ashraf S. Harahsheh, MD2,3, Hemalatha Srinivasalu, MD3,5, Anita Krishnan, MD2,3,
Matthew P. Sharron, MD3,6, Kavita Parikh, MD3,7, Karen Smith, MD3,7, Michael Bell, MD3,6, Drew Michael, PhD3,8,9,10,
Meghan Delaney, DO3,8, Joseph Campos, PhD3,8, Eric Vilain, MD, PhD10,11, Jonathan LoTempio, BS10,11,
Jaclyn N. Kline, MD3,12, Tova Ronis, MD3,5, Suvankar Majumdar, MD6,13, Eleanor Sadler, PharmD14, Susan R. Conway, MD3,6,
Charles I. Berul, MD2,3, Sangeeta Sule, MD3,5, Rebeca Lahoz, MD1, Emily Ansusinha, MS1, Jay Pershad, MD12,
Vanessa Bundy, MD3,15, Elizabeth Wells, MD3,16, James E. Bost, PhD17, and David Wessel, MD2,3,6, on behalf of the Children’s
National Hospital MIS-C Taskforce
Objective To assess demographic, clinical, and biomarker features distinguishing patients with multisystem inflammatory syndrome in children (MIS-C); compare MIS-C sub-phenotypes; identify cytokine biosignatures; and
characterize viral genome sequences.
Study design We performed a prospective observational cohort study of 124 children hospitalized and treated
under the institutional MIS-C Task Force protocol from March to September 2020 at Children’s National, a quaternary freestanding children’s hospital in Washington, DC. Of this cohort, 63 of the patients had the diagnosis of MISC (39 confirmed, 24 probable) and 61 were from the same cohort of admitted patients who subsequently had an
alternative diagnosis (controls).
Results Median age and sex were similar between MIS-C and controls. Black (46%) and Latino (35%) children
were over-represented in the MIS-C cohort, with Black children at greatest risk (OR 4.62, 95% CI 1.151-14.10;
P = .007). Cardiac complications were more frequent in critically ill patients with MIS-C (55% vs 28%; P = .04)
including systolic myocardial dysfunction (39% vs 3%; P = .001) and valvular regurgitation (33% vs 7%; P = .01).
Median cycle threshold was 31.8 (27.95-35.1 IQR) in MIS-C cases, significantly greater (indicating lower viral
load) than in primary severe acute respiratory syndrome coronavirus 2 infection. Cytokines soluble interleukin 2 receptor, interleukin [IL]-10, and IL-6 were greater in patients with MIS-C compared with controls. Cytokine analysis
revealed subphenotype differences between critically ill vs noncritically ill (IL-2, soluble interleukin 2 receptor, IL-10,
IL-6); polymerase chain reaction positive vs negative (tumor necrosis factor-a, IL-10, IL-6); and presence vs
absence of cardiac abnormalities (IL-17). Phylogenetic analysis of viral genome sequences revealed predominance
of GH clade originating in Europe, with no differences comparing patients with MIS-C with patients with primary
coronavirus disease 19. Treatment was well tolerated, and no children died.
Conclusions This study establishes a well-characterized large cohort of MIS-C evaluated and treated following a
standardized protocol and identifies key clinical, biomarker, cytokine, viral load, and sequencing features. Longterm follow-up will provide opportunity for future insights into MIS-C and its sequelae. (J Pediatr 2021;237:125-35).

C

hildren represent 12% of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) cases and 3% of hospitalizations in the US.1-5 Reports
of a novel severe inflammatory illness temporally associated with coronavirus disease 2019 (COVID-19) and unique to children emerged in Europe and
the northeast US—this was termed multisystem inflammatory syndrome in
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children (MIS-C).6-10 The inflammatory state of MIS-C may
involve a constellation of multiorgan involvement, with
onset 4-6 weeks after recognized or unrecognized SARSCoV-2 infection.11-15 More than 3186 cases and 36 deaths
due to MIS-C have been reported in the US.7 There is no primary diagnostic test for MIS-C, and differential diagnosis includes other systemic illnesses that may initially appear
similarly, such as Kawasaki disease, toxic shock syndrome,
autoimmune/autoinflammatory states, and other infections.
MIS-C may exhibit a predilection for middle childhood,
and a disproportionate incidence in Black and Hispanic
patients; a significant proportion have concomitant cardiac
complications.9,16-20
We comprehensively analyzed demographic, clinical, and
laboratory/biomarker features of this disease, as well as viral
load and viral sequencing in our large and well-characterized
cohort of patients with MIS-C evaluated and treated at our
institution in Washington, DC, over the 6-month period
from March to September 2020. Our key objectives were
(1) to identify and compare demographic and clinical features, as well as biomarkers distinguishing patients with
MIS-C and patients with probable MIS-C from control patients presenting with similar clinical features, but ultimately
with an alternate diagnosis; (2) to compare clinical subphenotypes of MIS-C; (3) to identify key inflammatory cytokine
biosignatures in MIS-C and its subphenotypes; and (4) to
perform and compare viral loads and sequencing of viral
genome recovered from the subset of patients with MIS-C
with detectable viral load to that of patients with primary
COVID-19 respiratory tract infection.

Methods
Study Design
This prospective, observational study included children hospitalized for evaluation of possible MIS-C in the 6-month
period March 29 to September 20, 2020, at Children’s National Hospital, a freestanding 323 bed quaternary academic
medical center serving an urban/suburban population in
excess of 2.5 million in Washington, DC. Patient demographics, clinical features, laboratory, diagnostic, and
medical therapies were extracted from electronic medical
records into a centralized institutional database.
Subjects
In total, 124 patients with compatible illness severe enough to
warrant admission for potential MIS-C based on institutional
protocol/Centers for Disease Control and Prevention (CDC)
criteria were sequentially and prospectively evaluated by the
MIS-C taskforce. Of these, 63 patients were ultimately diagnosed with MIS-C and were compared with 61 patients who
presented in a similar manner and were initially hospitalized
for possible MIS-C per institutional evaluation algorithm,
but ultimately during admission had an alternate diagnosis
identified. Among the 61 control patients, the most common
bacterial infection was pyelonephritis with or without urosepsis, but other bacterial diagnoses included complicated
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and uncomplicated bacterial pneumonia with and without
respiratory failure, lymphadenitis, osteomyelitis, septic
shock, staphylococcal scalded skin syndrome, toxic shock
syndrome, skin and soft-tissue infections, and endocarditis.
Viral etiologies included gastroenteritis, nonspecific fever/
rash illnesses, primary SARS-CoV-2 respiratory infection,
and febrile seizures in the setting of viral syndromes. Noninfectious etiologies included systemic lupus erythematosus,
vasculitis, hypoplastic left heart syndrome with decompensation, dilated cardiomyopathy, hemophagocytic lymphohistiocytosis, and acute chest syndrome.
Patients with MIS-C were categorized as confirmed MIS-C
(N = 39), meeting the CDC case definition, including detectable SARS-CoV-2 antibody or polymerase chain reaction
(PCR), and/or an identified laboratory-confirmed MIS-C
contact within the previous 4 weeks; or probable MIS-C
(N = 24), meeting CDC case definition other than laboratory
confirmation of SARS-CoV-2 infection or known contact,
but with appropriate temporal onset following surge in community SARS-Co-V2 circulation. SARS-CoV-2 antibody was
detected in 92% (36/39) of confirmed cases. Three (3/39; 8%)
cases did not have antibody testing performed but had alternate confirmation by either PCR or laboratory-confirmed
contact. No confirmed case in whom antibody testing was
performed had a negative result. A total of 51% of confirmed
cases were PCR positive and 49% were PCR negative. Patients
with MIS-C were subcategorized into 4 observed subphenotypes including the presence or absence of Kawasaki disease
criteria (incomplete or complete as per American Heart Association definitions), critical care requirement, cardiac complications, or detectable SARS-CoV-2 virus.
MIS-C Task Force
Immediately following alerts from Europe, in anticipation of
MIS-C at our center, we developed a multidisciplinary team
to optimize rapid response to suspected MIS-C, including a
unified institutional approach, clinical practice guidelines,
order sets, and a daily huddle to achieve consensus and minimize variation in clinical practice (Figure 1 and Figure 2;
available at www.jpeds.com). This allowed us to identify a
broader spectrum of children with MIS-C in addition to
the most severe presentation and to intervene quickly. In
addition to intravenous immunoglobulin (IVIG) and
aspirin therapy for cases deemed as MIS-C or probable
MIS-C,
we
used
anakinra
as
our
primary
immunomodulatory intervention, due to its focused
mechanism of action, short half-life, and titratable effects.
Corticosteroids were used adjunctively; indications
included acute decompensation, continued fever beyond
24 hours after 2-3 days of maximal anakinra, worsening/
not improving inflammatory markers, or MIS-C with
features of macrophage activating syndrome (Figure 3;
available at www.jpeds.com).
Adjunctive corticosteroid use included stress-dose
hydrocortisone and/or pulse-dose methylprednisolone.
Stress-dose corticosteroid treatment was defined as
hydrocortisone with a loading and subsequent dose of
DeBiasi et al
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2-4 mg/kg ranging from 2 to 5 days and was used at the
discretion of intensive care unit (ICU) providers for patients experiencing catecholamine-resistant shock. All
patients who received hydrocortisone also received blood
pressure support with continuous infusions of epinephrine at doses ranging from 0.05 mg/kg/min to 0.6 mg/
kg/min. Patients not responsive to epinephrine received
at least 1 additional vasoactive infusion (norepinephrine,
milrinone or vasopressin). Pulse-dose corticosteroid
treatment was defined as methylprednisolone dosed
at either 2 mg/kg/d for 3-5 days or 30 mg/kg/d for
3-5 days.
Cardiac Complications of MIS-C
Abnormal cardiac findings were classified as systolic myocardial dysfunction defined as ejection fraction <55% or shortening fraction <28%; coronary artery abnormalities defined
as dilation (z score >2 to 2.49), or small aneurysm (z score
2.5 to 4.99)21; more than trivial pericardial effusion; and
valvular regurgitation defined as more than trivial (mitral)
or mild (tricuspid) valve regurgitation.
Cytokine and Immunology Analysis
Cytokine profiles were performed in patients with MIS-C and
controls, to elucidate mechanisms of inflammation. The majority of MIS-C cases (76%; 48/63) had cytokine measurements performed. Of these, the majority (73%; 35/48) had
measurements performed before immunomodulatory treatment, whereas 27% (13/48) had measurement performed after immunomodulatory treatment. All subjects had cytokines
measured only at a single time point. We standardized by reporting fold-change over assay-specific normative values
(Mayo, Cincinnati, and ARUP). The DiaSorin Liaison XL
SARS-CoV-2 IgG S1/S2 assay (targeting spike protein) was
used to determine presence of antibody to SARS-CoV-2
(DiaSorin).

out by Virology Laboratory of Children’s Hospital of
Los Angeles) with data deposited into the Global Initiative on Sharing All Influenza Data database. Each sample
was filtered by clade (S, L, O, V, G, GR, GH) and then
filtered to date range March 1, 2020, to March 14, 2020,
to find representatives from each clade. Where possible,
international sequences were selected in each clade to
insure genetic/geographic diversity. Generated alignments
and treefiles from local and global sequences were
computed using ClustalW and treefiles visualized with
the European Molecular Biology Organization’s Interactive Tree of Life browser. Trees were recolored with
Graphic for MacOS. To ensure accuracy of our custom
alignment, we checked our sequences against the global
sequences available on the NextStrain tool, which supported our findings. For sequencing analyses, we included
a subset of 24 patients with symptomatic primary SARSCoV-2 infection and compared with 3 patients with MISC from our institutional cohort.
Statistical Analyses
All data were summarized using descriptive statistics of
median and IQR and frequency/crosstabs depending on
data type. We chose the more conservative nonparametric
Wilcoxon rank sum test (or Kruskal–Wallis test) when
comparing continuous measures as sample sizes were
small and normality not always assumed. For categorical
variables we used the more conservative c2 Fisher exact
test. A P value £ .05 was considered statistically significant
and was used in conjunction with clinical significance
when describing the results. All analyses were performed
using STATA, version 16 (StataCorp 2019; Stata Statistical
Software: Release 16).

Results

Semiquantitative Viral Load Analysis
Testing for SARS-CoV-2 RNA with reverse transcriptasePCR was completed using commercially available Food
and Drug Association/Emergency Use Authorization–
approved tests (AllPlex, Seegene, Inc; ePlex, GenMark Dx;
Xpert Xpress, Cepheid; and Simplexa, DiaSorin Molecular
LLC). To compare relative quantities of virus in patients’
first positive sample across the different assays, we calculated the median of the detected reverse transcriptase-PCR
cycle threshold (Ct) for each of the analyzed viral genes.
For SARS-CoV-2 PCR cycle time analyses, we included a
comparator cohort of 510 patients from our institution
with symptomatic primary SARS-CoV-2 infection.

Demographics, Underlying Diagnoses, and
Presenting Symptoms
A total of 63 patients with MIS-C (39 confirmed and 24 probable) were compared with 61 controls. (Table I; available at
www.jpeds.com). Additional analyses were completed to
compare patients with MIS-C with Kawasaki disease
subphenotype (N = 33; 52% of overall MIS-C cohort) with
non-Kawasaki disease phenotype (N = 30); patients with
MIS-C with cardiac complications (N = 26; 41%) with
those without cardiac complications; patients with MIS-C
who were critically ill (N = 33; 52%) with those who were
not (N = 30); and patients with MIS-C with detectable
virus by PCR (N = 20; 31%) with the majority who did not
(N = 43) (Table II).

Viral Genome Sequencing and Analysis
To ascertain genetic neighbors of the SARS-CoV-2 virus
detected in pediatric patients in Washington, DC, viral
consensus sequences were aligned from all samples obtained in our patients (wet laboratory testing carried

Age. There were no significant age differences (median
7.25 years for overall cohort) between patients with MISC-confirmed, MIS-C probable, or controls (Table I).
However, patients with Kawasaki disease subphenotype
were significantly younger than non-Kawasaki disease
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Variables of interest

136 (74-165)

5 (15%)
13 (39%)
11 (33%)
4 (12%)
0%
13 (39%)

0 (0%)
5 (17%)
8 (27%)
11 (37%)
6 (20%)
14 (47%)

16 (49%)
4 (12%)
9 (27%)
4 (12%)
75 (30-95)
N = 27

13 (43%)
3 (10%)
13 (43%)
1 (3%)
68 (26.5-94.5)
N = 28

<.001
.001

.62
.46

.75

Cardiac
complication
absent
(N = 36)

96 (41-164)

80 (46-129)

P value
.73
.78

Critical
(N = 33)

Noncritical
(N = 30)

94 (43-151)

81 (41-149)

1 (3%)
12 (36%)
9 (27%)
9 (27%)
2 (6%)
16 (48%)

4 (13%)
6 (20%)
10 (33%)
6 (20%)
4 (13%)
11 (37%)

16 (49%)
0 (0%)
15 (45%)
2 (6%)
77 (17-93)
N = 31

13 (43%)
7 (23%)
7 (23%)
3 (10%)
65.5 (38.5-96)
N = 24
16 (53%)
14 (47%)
0 (0%)
13 (43%)

3 (12%)
8 (31%)
6 (23%)
6 (23%)
3 (12%)
8 (31%)

2 (6%)
10 (28%)
11 (36%)
8 (22%)
3 (8%)
19 (53%)

12 (46%)
3 (12%)
8 (31%)
3 (12%)
61 (15-93)
N = 22

16 (44%)
4 (11%)
14 (39%)
2 (6%)
78 (52-96)
N = 32
11 (31%)
24 (67%)
1 (3%)
11 (31%)

.59

1 (3%)
30 (91%)
2 (6%)
9 (27%)

.45

.12
.84

.25
.62

P value
.78
.31

PCR
positive
(N = 20)

PCR negative
(N = 43)

P value

66 (44- 110)

92 (43- 152)

0 (0%)
9 (45%)
7 (35%)
3 (15%)
1 (5%)
11 (55%)

5 (12%)
9 (21%)
12 (28%)
12 (28%)
5 (12%)
16 (37%)

9 (45%)
0 (0%)
9 (45%)
2 (10%)
84 (30-95)
N = 19

20 (47%)
7 (16%)
13 (30%)
3 (7%)
69.5 (26.5-94)
N = 36

.20

2 (10%)
17 (85%)
1 (5%)
5 (25%)

15 (35%)
27 (63%)
1 (2%)
17 (39%)

.40

.45
.01

.99
<.001

.49
.17

.27
.20

.30
.09

9 (27%)
24 (73%)
0 (0%)
11 (33%)

8 (27%)
20 (67%)
2 (7%)
11 (37%)

.80

5 (19%)
20 (77%)
1 (4%)
10 (38%)

3 (9%)
0 (0%)
0 (0%)
0 (0%)
1 (3%)

2 (7%)
1 (3%)
0 (0%)
0 (0%)
1 (3%)

>.99
.48
N/A
N/A
>.99

3 (12%)
0 (0%)
0 (0%)
0 (0%)
1 (4%)

1 (3%)
1 (3%)
0 (0%)
0 (0%)
1 (3%)

.30
>.99
N/A
N/A
>.99

2 (6%)
0 (0%)
0 (0%)
0 (0%)
1 (3%)

3 (10%)
1 (3%)
0 (0%)
0 (0%)
1 (3%)

.66
.48
N/A
N/A
>.99

2 (10%)
0 (0%)
0 (0%)
0 (0%)
1 (5%)

3 (7%)
1 (2%)
0 (0%)
0 (0%)
1 (2%)

.65
>.99
N/A
N/A
.54

33 (100%)
18 (55%)

30 (100%)
11 (37%)

N/A
.21

26 (100%)
12 (46%)

36 (100%)
16 (44%)

N/A
>.99

33 (100%)
12 (36%)

30 (100%)
17 (57%)

N/A
.13

20 (100%)
8 (40%)

43 (100%)
21 (49%)

N/A
.59

19 (58%)
24 (73%)
30 (91%)
16 (48%)

22 (73%)
12 (40%)
7 (23%)
2 (7%)

.29
.01
<.001
<.001

17 (65%)
13 (50%)
20 (77%)
5 (19%)

24 (67%)
22 (61%)
17 (47%)
13 (36%)

>.99
.44
.04
.17

25 (76%)
15 (45%)
20 (61%)
6 (18%)

16 (53%)
21 (70%)
17 (57%)
12 (40%)

.07
.07
.80
.09

15 (75%)
10 (50%)
12 (60%)
5 (25%)

26 (60%)
26 (60%)
25 (58%)
13 (30%)

.40
.58
>.99
.78

32 (97%)

8 (27%)

<.001

20 (77%)

20 (56%)

.11

21 (64%)

19 (63%)

>.99

13 (65%)

27 (63%)

>.99

3 (17%)
(N = 17)

6 (38%)
(N = 16)

.26

4 (27%)
(N = 15)

5 (28%)
(N = 18)

>.99

5 (56%)
(N = 9)

4 (17%)
(N = 24)

.07

24 (72%)
(N = 33)
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BMI, body mass index; SOB, shortness of breath.
Bold indicates statistically significant.

51 (26-94)

P value

Cardiac
complication
present
(N = 26)
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Insurance
Private
Public
Unknown or self-pay
Any underlying condition
Specific underlying diagnoses
Asthma
Hematologic
Diabetes
Cancer/oncology
Neurologic
Symptoms at presentation
Fever
Any respiratory (cough, SOB,
rhinorrhea, congestion)
Abdominal pain
Rash
Conjunctival injection
Peripheral extremity Swelling or
erythema
Mucous membrane changes
(strawberry tongue, lip erythema/
cracking)
Meets complete Kawasaki disease
criteria

Non-Kawasaki
disease
subphenotype
(N = 30)



Age, mo, median (25/75 IQR)
Specific age bands (years)
<1
1 to <5
5 to <10
10 to <15
15+
Sex (% female)
Race/ethnicity
Black
White
Latino
Other/unknown
BMI percentile

Kawasaki
disease
subphenotype
(N = 33)

THE JOURNAL OF PEDIATRICS

128
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subphenotype MIS-C cases (4.25 years vs 11.3 years,
P < .001). There were no patients older than 15 years of
age in the Kawasaki disease subphenotype group and no
children <1 in the non-Kawasaki disease subphenotype
group (P = .001). There were no age differences noted for
all other sub-phenotype comparisons (Table II).
Sex. There were no significant sex differences comparing
MIS-C, probable, or total MIS-C cohort with controls, nor
between any of the subphenotype comparisons.
Race/Ethnicity. Minority children were over-represented in
the MIS-C group (46% Black, 35% Latino; 81% overall).
When we compared MIS-C cases with controls, MIS-C cases
were significantly more likely to be Black than White (OR
4.62, 95% CI 1.51-14.10; P = .007); strikingly, there were
no White children in the MIS-C group (Table I). Children
with MIS-C who were critically ill were more likely to be
Hispanic (45% vs 0% White; P = .009). Black children were
equally represented in the critically ill and noncritically ill
subphenotype (49% vs 43%). There were no racial/ethnic
differences in subphenotype comparisons (Table II).
Patients with MIS-C and public insurance were 4.63-fold
(OR 1.2-17.92; 95% CI) more likely to be critically ill than
patients with MIS-C and private insurance.
Underlying Conditions. Overall, the minority (35%) of
MIS-C cohort had underlying conditions, which contrasts
starkly with severe primary SARS-CoV-2 infection, in which
the majority have underlying conditions.2 There were no differences between MIS-C and controls. No underlying conditions were prevalent in MIS-C or MIS-C subphenotypes
(Tables I and II).
Presenting Symptoms. When we compared MIS-C with
controls, we identified a statistically significant difference in
symptoms at presentation, specifically fever (100% vs 92%;
P = .026), abdominal pain (65% vs. 33%, P < .001), conjunctival injection (59% vs 11%, P = .001), peripheral extremity
swelling, or erythema (29% vs 11%; P < .001), and mucous
membrane changes (63% vs 25%; P < .001). The presence of
rash and respiratory symptoms (cough, shortness of breath,
rhinorrhea, congestion) were not different when we compared
children with MIS-C with control patients (Table I).
Critically Ill Patients with MIS-C
One-half (33/63; 52%) of our MIS-C cohort required critical
care support. The median number of ICU days was 4 (IQR 25), and the median days of hospitalization was 12 (IQR 8-14),
both of which were similar to controls. Vasopressors were
required in the majority (63.6%) of critically ill MIS-C, but
invasive respiratory support (12.1%), was infrequently
required; only 1 patient required continuous renalreplacement therapy. Treatments included IVIG (97%),
aspirin (97%), and anakinra (79%) as per our institutional
protocol. Adjunctive corticosteroid treatment was administered in the minority (21.2%) of subjects; 7 received
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stress-dose hydrocortisone, 3 received pulse-dose methylprednisolone, and 1 received both. No patient was treated
with remdesivir or tocilizumab (Table III; available at
www.jpeds.com). PCR-positive patients with MIS-C had a
longer ICU stay (5 days; IQR 3-6) compared with PCRnegative patients with MIS-C (2 days; IQR 1.5-4.5,
P = .009), had more frequent use of vasopressor support
(82% vs 43.8%; P = .007), and received more frequent
adjunctive corticosteroid treatment (41.2% vs 0%;
P = .032) (Table IV; available at www.jpeds.com).
Biomarkers, SARS-CoV-2 Viral Load, and Antibody
SARS-Co-V-2 PCR. Median SARS-CoV-2 PCR Ct for MISC cases with detectable virus (N = 18) was 31.15, which was
significantly greater (indicating lower viral load) than in primary SARS-CoV-2 infection cases (N = 510; median 21.83;
P = .001), but similar to MIS-C controls (N = 5; median
29.95; P = .126). Ct was similar between all MIS-C subphenotype comparisons (Figure 4).
SARS-CoV-2 Antibody. SARS-CoV-2 antibody was detected significantly more frequently in confirmed MIS-C
cases (36/37, 96.3%) compared with control patients (11/
53, 20.8%; P < .001). Ninety percentage (18/20) of PCRpositive patients with MIS-C also had detectable SARSCoV-2 antibodies, suggesting persisting virus rather than
new, acute infection. The remaining 10% (2/20) of PCRpositive patients did not have antibody testing performed.
There was no patient in whom PCR was positive and in
whom antibody was tested who had a negative antibody test.
Cardiac, Hematologic, Inflammatory Biomarkers. Other
statistically and clinically significant differences distinguishing MIS-C cases from controls included white blood cells
(initial, peak and nadir); neutrophil percentage (initial
and peak); lymphocyte percentage (initial and nadir); hemoglobin (nadir); platelet count (peak and nadir), and
the serum inflammatory markers C-reactive protein,
D-dimer, ferritin (initial and peak for all); fibrinogen
(peak); and lactate dehydrogenase (peak). Initial and peak
B-type natriuretic peptide were both significantly elevated
in MIS-C cases compared with controls (Figure 4). All
other biomarker measures including troponin were not
statistically or clinically significantly different between
MIS-C and controls.
Cardiac Abnormalities
The distribution of cardiac complications across MIS-C cases
and controls were analyzed and compared (Table V and
Appendix 1; available at www.jpeds.com). There were no
significant differences observed in cardiac complications in
patients with confirmed MIS-C or probable MIS-C (26/62;
42%) compared with control patients (7/22; 23%; P = .129),
using the subset of controls who had clinically indicated
echocardiogram performed and available for comparison.
Cardiac complications were compared between
observed MIS-C subphenotypes (Table VI). No
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Figure 4. MIS-C biomarker analysis (SARS-CoV-2 PCR Ct, cardiac, inflammatory, hematologic). PCR Ct was significantly
greater (indicating lower viral load) in MIS-C cases compared with controls and compared with primary SARS-CoV-2 infection
cases. No differences were noted between MIS-C subphenotypes. Comparison of key biomarkers between MIS-C cases and
controls revealed clinically and statistically significant differences in white blood cell count, platelet count, serum creatinine, brain
natriuretic peptide, CRP, fibrinogen, ferritin, and d-dimer; KD, Kawasaki disease.

significant differences in cardiac complications were
observed when we compared MIS-C with and without
Kawasaki disease subphenotype. Cardiac complications
130

were significantly more frequent in MIS-C cases
requiring ICU compared with non-ICU care (18/33,
55% vs 8/29, 28%; P = .04). Comparing ICU with
DeBiasi et al
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Figure 4. (Continued).

non-ICU MIS-C cases, we found systolic myocardial
dysfunction was more frequent (13/33 [39%] vs 1/29
[3%]; P = .001), and valvular regurgitation was more
common (11/33 [33%] vs 2/29 [7%]; P = .01) in the
ICU cases. A trend toward a greater percentage of
patients with systolic myocardial dysfunction was seen
in patients PCR-positive for SARS-CoV-2 with MIS-C
compared with patients PCR-negative with MIS-C.

Cytokine and Immunology Profiling
We analyzed cytokine levels from 33 MIS-C cases and 9 control
patients who had results of a complete panel of cytokine measurements (interleukin [IL]-2, soluble interleukin 2 receptor
[sIL2R], IL-12, interferon-g, IL-4, IL-5, IL-10, IL-13, IL-17,
IL-1b, IL-6, IL-8, and tumor necrosis factor-a [TNF-a]). Patients with MIS-C demonstrated a distinct cytokine signature
and grouped into a cluster distinct from controls. Cytokine
levels were significantly greater in MIS-C (MIS-C confirmed
and probable) cases compared with controls for cytokines
sIL2R (P = .039), IL-10 (P = .029), and IL-6 (P = .005)

(Figure 5). These findings remained unchanged when
additional analysis was performed using only subjects with
MIS-C who had cytokine measurements performed
preimmunomodulation compared with controls (Appendix 1).
In the subphenotype analysis, cytokine expression profiles were similar in patients with MIS-C who had a Kawasaki disease–like phenotype to patients with MIS-C
lacking Kawasaki disease features. Patients with MIS-C
in the ICU had greater levels of IL-2 (P = .003), sIL2R
(P = .008), IL-10 (P < .001), and IL-6 (P = .004)
compared with patients with MIS-C not in the ICU.
PCR-positive MIS-C cases had greater levels of TNF-a
(P = .029), IL-10 (P = .010), and IL-6 (P = .013) than
PCR-negative MIS-C cases. Patients with cardiac abnormalities had greater levels of IL-17 (P = .043) than
patients without cardiac abnormalities.
Viral Genome Sequencing and Analysis
Phylogenetic analysis of viral genome sequence determined
that 88% (39/44) of samples (including patients with
PCR-positive MIS-C and patients with primary SARS-CoV-2
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Table IV. Critically ill patients: LOS, support and therapies—MIS-C cohort subphenotypes

Variables of interest
LOS
PICU days, median (IQR)
Hospital LOS
Maximum respiratory
support
Invasive
Noninvasive
Hemodialysis/CRRT
No
Yes—CRRT
Inotropes/vasopressors*
No
Yes
Corticosteroid†
No
Yes
IVIG‡
No
Yes
Aspirin§
No
Yes
Anakinra{
No
Yes
Remdesivir
No
Tocilizumab
No

Kawasaki
Non-Kawasaki
Cardiac
disease
disease
complication
subphenotype subphenotype
present
Cardiac complication
PCR positive PCR negative
(N = 15)
(N = 18)
P value
(N = 18)
absent (N = 15)
P value
(N = 17)
(N = 16)
P value
4 (2-5)
12 (12-18)

4 (2-6)
12.5 (8-14)

2 (13.3%)
13 (86.7%)

2 (11.1%)
16 (88.9%)

15 (100%)
0 (0%)

17 (94.4%)
1 (5.6%)

5 (33.3%)
10 (66.7%)

7 (38.9%)
11 (61.1%)

12 (80%)
3 (20%)

14 (77.8%)
4 (22.2%)

0 (0%)
15 (100%)

1 (5.6%)
17 (94.4%)

0 (0%)
15 (100%)

1 (5.6%)
17 (94.4%)

2 (13.3%)
13 (86.7%)

5 (27.8%)
13 (72.2%)

15 (100%)

18 (100%)

15 (100%)

18 (100%)

.96
.58
>.99

4.5 (2-6)
12.5 (12-17)

2 (2-5)
11 (8-14)

2 (11.1%)
16 (88.9%)

2 (13.3%)
13 (86.7%)

17 (94.4%)
1 (5.6%)

15 (100%)
0 (0%)

6 (33.3%)
12 (66.7%)

6 (40%)
9 (60%)

14 (77.8%)
4 (22.2%)

12 (80%)
3 (20%)

1 (5.6%)
17 (94.4%)

0 (0%)
15 (100%)

1 (5.6%)
17 (94.4%)

0 (0%)
15 (100%)

2 (11.1%)
16 (88.9%)

5 (33.3%)
10 (66.7%)

18 (100%)

15 (100%)

18 (100%)

15 (100%)

>.99

.24
.24
>.99

5 (3-6)
13 (8-17)

2 (1.5-4.5)
12 (7-13.5)

4 (23.5%)
13 (76.5%)

0 (0%)
16 (100%)

16 (94.1%)
1 (5.9%)

16 (100%)
0 (0%)

3 (17.6%)
14 (82.4%)

9 (56.3%)
7 (43.8%)

10 (58.8%)
7 (41.2%)

16 (100%)
0 (0%)

1 (5.9%)
16 (94.1%)

0 (0%)
16 (100%)

1 (5.9%)
16 (94.1%)

0 (0%)
16 (100%)

3 (17.6%)
14 (82.4%)

4 (25%)
12 (75%)

17 (100%)

16 (100%)

17 (100%)

16 (100%)

>.99

>.99

>.99

.73

>.99

.032

>.99

>.99

.01

>.99

>.99

>.99

>.99

.41

.009
.27
.10

>.99

.20

N/A

N/A

N/A

N/A

N/A

N/A

*All patients receiving inotropes received epinephrine infusions with dosing ranging from 0.05 mcg/kg/min to 0.6 mcg/kg/min. Patients not responsive to epinephrine received additional infusions of
norepinephrine, milrinone or vasopressin.
†Corticosteroid treatment included stress dose defined as hydrocortisone with a loading and subsequent dose of 2-4 mg/kg ranging from 2-5 days and/or pulse dose methylprednisolone dosed at 2
mg/kg/daily or 30 mg/kg/d for 3-5 days (as per immunomodulation algorithm). A total of 7 of 33 (21%) in the total MIS-C cohort received corticosteroid, of whom 7 received only Stress Dose hydrocortisone, 3 received only Pulse Dose methylprednisolone and 1 received both.
‡IVIG dosed at 2 g/kg.
§Aspirin dosed at 30-50 mg/kg/d during acute phase.
{Anakinra dosed at 8 mg/kg/d intravenous or subcutaneous initially; titrated per clinical response to 10 mg/kg/d as per immunomodulation algorithm.

for comparison) fell into the GH clade (Figure 6; available at
www.jpeds.com), with 1-2 samples each in GR, G, S, and
V clades. The dominance of the GH clade in our sample set
is consistent with the high frequency of this clade early in US
and Canadian outbreaks.22 Our GH samples include variants
D614G/Q57H/T265I, placing them in the clade first observed
in France on February 21, 2020, consistent with a possible
origin in Europe.23 The presence of 2 sequences from the
oldest S clade, and older V clades, underscores the global
nature of circulating virus.23-25

Discussion
This prospective observational study of a well-characterized
cohort of 124 pediatric patients hospitalized for suspected
MIS-C from a single center under a standardized institutional protocol provides important insights and establishes
am emerging cohort for long-term follow-up. A strength of
this study is the inclusion and comparison of 63 patients
with MIS-C, in addition to 61 controls who initially were
hospitalized for possible MIS-C but by discharge had an
132

alternative diagnosis identified, which is highly relevant for
real-world clinicians making decisions regarding management. An additional strength is the inclusion of patents
with confirmed MIS-C and probable MIS-C, as well as patients with MIS-C who were not critically ill and critically
ill, which mirrors the spectrum of MIS-C encountered in
clinical practice, while maintaining independent analysis of
each subset. Current clinically available SARS-CoV-2 IgG
antibody tests are not sufficiently sensitive, nor are the kinetics of antibody response in children sufficiently welldefined, to definitively exclude diagnosis of MIS-C in the
absence of detectable antibody. It is possible that access to
expanded modalities for antibody testing such as expanded
isotypes (IgA, IgM, in addition to IgG), and/or targets
(nucleocapsid in addition to spike) could confirm MIS-C
in many MIS-C–probable cases and provide a more realistic
picture of the burden of disease in the pediatric population.
Excluding antibody-negative patients from diagnosis potentially results in loss of opportunity for subsequent follow up
to detect long term cardiac and other sequelae of MIS-C.
The spectrum of manifestations of MIS-C that includes
not only Kawasaki-like and critically-ill presentations but
DeBiasi et al
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Total MIS-C
Control

A

B

* p < 0.05

4.28
1.88

p < 0.05

C

D

* p < 0.05

* p < 0.05

20.04

9.55

3.14

2.07

E

Total MIS-C
Control

Figure 5. MIS-C Cytokine profiling identifies significant elevations in IL-10, IL-6, and sIL2R. A, Principal component analysis of
patient cytokine data identified the total MIS-C cohort (N = 33) as a distinct group compared with controls (N = 9). B, sILR2 fold
change for total MIS-C cases (dark blue) and controls (green). C, IL-10 fold change for total MIS-C cases (dark blue) and controls
(green). D, IL-6 fold change for total MIS-C cases (dark blue) and controls (green). E, Visualization of per patient additional
cytokine values for the total MIS-C cohort (dark blue), and controls (green) in which comparison between the 2 groups did not
reach statistical significance.
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also patients with more subtle clinical signs who do not meet
Kawasaki disease criteria (48% of cohort) and/or are not critically ill (48%). Failing to identify these children not only underestimates the prevalence of the disease but may result in
suboptimal outcomes because, presumably, earlier identification and treatment could prevent progression to critically ill
status and/or ameliorate the likelihood of initial and/or subsequent cardiovascular complications.
Our study includes analysis of viral load in the setting
MIS-C as well as correlations of viral load with clinical
presentation and MIS-C subphenotypes. Although many
patients with MIS-C no longer have detectable virus,
31% of our cohort did. Although SARS-CoV-2 PCR Ct
was greater in patients with MIS-C compared with patients with primary SARS-CoV-2 infection, Ct values did
not distinguish between PCR-positive MIS-C cases and
PCR-positive controls nor distinguish between MIS-C
subphenotypes. The fact that most patients with MIS-C
have no detectable virus and that the minority who have
detectable virus have low viral loads is congruent with
the presumed kinetics and speculated para- or postinfectious mechanism of disease. PCR-positive patients with
MIS-C were more severely ill and had greater cytokine
expression, suggesting that greater initial viral load or
ongoing presence of virus may potentiate the inflammatory response.
We observed a constellation of cardiac complications in a
large percentage of children, in both critically ill (55%) and
noncritically ill (28%) patients, but it is notable that this is
a lower percentage than reported in previously published
summaries of MIS-C.17,26 We benefitted from advanced
notice and shared knowledge from European colleagues;
this allowed us to proactively establish a standardized protocol to facilitate early identification and prompt intervention,
and to recognize MIS-C and its varied manifestations before
the most fulminant critically ill presentations, thus capturing
the wider spectrum of disease. However, cardiac abnormalities were not isolated to critically ill children; therefore, it
will be important to follow all patients with MIS-C with
and without immediately apparent cardiac complications
for long-term cardiac outcomes.
Additional possible explanation for the lower rate of rate
of cardiac complications in our cohort include differences
in timing of presentation, or demographic characteristics
including race/ethnicity and geography. In addition, we
only included complications that met a clinically significant
threshold; including only cases with more than trivial mitral
regurgitation may also explain our lower rate of reported
complications.
MIS-C invokes a specific immune pathway as elucidated
by a distinct signature of cytokine expression. Confirmed
and probable patients with MIS-C consistently showed
elevated levels of IL-6, IL-10, and sIL2R compared with controls. This finding is consistent with a previous study in
which MIS-C cases were compared with an historic Kawasaki
disease cohort.27 In our study, we also determined that the
134
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subset of patients with MIS-C with still-detectable virus had
greater levels of cytokines TNF-a, IL-10, and IL-6. These cytokines previously have been noted to be elevated in primary
COVID-19 respiratory infection.28-30 In addition, greater
levels of IL-2, sIL2R, IL-10, and IL-6 were found in patients
with MIS-C requiring care in the ICU, indicating a more
robust or perhaps accelerated immune response. Patients
with Kawasaki subphenotype did not have a specific cytokine
signature compared with patients without Kawasaki subphenotype.
We performed viral sequencing in our MIS-C cohort and
compared viral sequences with cases of primary COVID-19
respiratory infection within our single geographic population. The overall predominance of the GH European clade
and the fact that there were no notable substantial
sequencing differences noted between our MIS-C and primary COVID suggests that underlying host genetics or variations in immune response are more likely primary
determinants of the MIS-C presentation, rather than
virus-specific factors. As new variants continue to emerge,
it will be important to discern their effect on frequency
and severity of MIS-C.
Limitations of this study include the fact that it is clinically
impossible to differentiate the diagnosis of Kawasaki disease
from MIS-C in patients meeting Kawasaki disease criteria but
lacking SARS-CoV-2 antibody or PCR positivity. For this
reason, we elected to designate all patients with Kawasaki disease meeting CDC MIS-C criteria as either confirmed or
probable based on their SARS-CoV-2 antibody/PCR status
and analyze them separately, as well as part of the total
MIS-C cohort. An additional limitation of this study is that
although the majority of cytokine profiles were performed
before the administration of IVIG, in some cases, findings
could reflect immunomodulating effects, although analysis
using only preimmunomodulatory cytokine panels revealed
identical results (Appendix 1).
An additional limitation to the analysis of cardiac abnormalities is that a significant number of controls did not
have echocardiogram performed (since not clinically indicated), which could limit the utility of comparison between
MIS-C and control cases.
Confirmation bias is also a potential limitation of this and
other MIS-C studies, in which clinicians may be more likely
to consider the diagnosis of MIS-C in patients with known positive SARS-CoV-2 antibody, or a highly elevated inflammatory
marker, resulting in overdiagnosis of some and missing others
in whom the diagnosis actually exists.
Treatment, predominantly with IVIG, aspirin, and anakinra (selected due to its targeted action, titratable activity,
and short half-life), was well tolerated, and there was no mortality noted in our cohort. Long-term follow-up of this
cohort and comparison with other centers’ cohorts who
have prioritized other immunomodulatory strategies such
as corticosteroid or infliximab will be critical to inform
design of clinical trials designed to optimize therapies and
outcomes. n
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Children’s Naonal MIS-C Taskforce Guidelines for Inial Evaluaon and Management of
Mulsystem Inﬂammatory Syndrome in Children (MIS-C)
Updated 6/3/2020
In the seng of the COVID-19 pandemic, a newly emerged syndrome of mulorgan inﬂammaon has been recognized
in children regionally, naonally and internaonally that has generated considerable concern. This syndrome was
inially termed Pediatric Mulsystem Inﬂammatory Syndrome (PMIS) in the UK, and has more recently been named
Mulsystem Inﬂammatory Syndrome in Children (MIS-C) by the US CDC. A muldisciplinary MIS-C Task Force has been
developed by Children’s Naonal to assist in the triage, evaluaon and care for children with this condion including
representaon of infecous disease, cardiology, crical care medicine, hospitalist, rheumatology immunology,
emergency medicine, hematology, gastroenterology, neurology and pharmacy).
MIS-C has features that have overlap with several other inﬂammatory disorders aﬀecng children including Kawasaki
Disease, Toxic Shock Syndrome, and Macrophage Acvaon Syndrome but there are several key features:
x

Can occur in both SARS CoV-2-PCR Posive and SARS CoV-2-PCR Negave paents:
o

x

The eology of the disease is sll being invesgated and has not deﬁnively been determined. It may
be a result of direct viral eﬀect, an inﬂammatory complicaon of infecon in the recovery/immune
phase (PCR negave, anbody posive), or a combinaon thereof.

May include children with symptoms fulﬁlling full or paral criteria for Kawasaki Disease (KD) but is not limited
to paents with complete or incomplete KD-like presentaons.
o

Some individuals may fulﬁll full or paral criteria for Kawasaki disease but should be reported if they
meet the case deﬁnion for MIS-C

x

Consider MIS-C in any pediatric death with evidence of SARS-CoV-2 infecon

x

May include children with fulminant shock presentaon with hypotension, but also children with milder
disease.

x

Providers are urged to consider children with some or all of these ﬁndings at risk for development of acute
and long term sequelae from this condion such as rapid decompensaon requiring escalaon of care and
development of myocardial injury and/or coronary artery disease.

x

An inial case deﬁnion has been put forth by the Royal College of Paediatrics and Child Health: COVID-19-

Paediatric-mulsystem- inﬂammatory syndrome-20200501.pdf
x

A more recent case deﬁnion has been put forth by the Centers for Disease Control and Prevenon on May
14. 2020. hps://emergency.cdc.gov/han/2020/han00432.asp
x

Case Deﬁnion for Mulsystem Inﬂammatory Syndrome in Children (MIS-C)





An individual aged <21 years presenng with fever1, laboratory evidence of inﬂammaon2,
and evidence of clinically severe illness requiring hospitalizaon, with mulsystem (>2) organ
involvement (cardiac, renal, respiratory, hematologic, gastrointesnal, dermatologic or
neurological); AND
Posive for current or recent SARS-CoV-2 infecon by RT-PCR, serology, or angen test; or
COVID-19 exposure within the 4 weeks prior to the onset of symptoms3; AND
No alternave plausible diagnoses

1Fever

>38.0°C for ≥24 hours, or report of subjecve fever lasng ≥24 hours
but not limited to, one or more of the following: an elevated C-reacve protein (CRP), erythrocyte sedimentaon rate
(ESR), ﬁbrinogen, procalcitonin, d-dimer, ferrin, lacc acid dehydrogenase (LDH), or interleukin 6 (IL-6), elevated neutrophils,
reduced lymphocytes and low albumin
3Exposure includes residing in an area with ongoing transmission.
2Including,

Figure 1. Children’s National MIS-C Taskforce guidelines for initial evaluation and management.
Multisystem Inflammatory Syndrome of Children: Subphenotypes, Risk Factors, Biomarkers, Cytokine Profiles, and Viral 135.e2
Sequencing

THE JOURNAL OF PEDIATRICS



www.jpeds.com

Volume 237

Recommendaons:
1.

CNH MIS-C Taskforce recommends that the following standardized inial approach for the diagnosis and
management of children suspected with this condion, as well as formal consultaon of the relevant
subspeciales. We will assist with clinical management and all aspects of reporng/interacng with CDC data
and specimen collecon.

2.

Concern for SARS-CoV-2 or PMIS should not limit invesgaon or consideraon of a broad range of diagnoses.
Connue to evaluate and treat for other possible diagnoses in addion to the work up listed above.

Evaluaon
x Immediately instute COVID Special Precauons.
Note: Paents being evaluated and treated for MIS-C should remain in COVID Special Precauons unl their SARSCoV-2 PCR is negave x 2 with samples taken at least 24 hours apart.
x

Send Tier 1 Labs:
o Complete blood count/diﬀerenal
o C-reacve Protein, ESR, Ferrin
o Troponin, BNP
o Coagulaon proﬁle (PT, APTT, INR, ﬁbrinogen) and D dimer
o Comprehensive Metabolic Panel
o SARS CoV-2 Anbody
o SARS-CoV2 PCR (NP or lower respiratory tract if trach or intubated)

If Tier 1 Labs are NORMAL, then discharge home with follow-up within 24 hours by PCP or BearOnDemand.
If Tier 1 Labs are ABNORMAL, proceed with next step of evaluaon listed below.
x
x
x
x
x

Consult with ID via COVID-19 pager
Nofy the MIS-C Taskforce by sending an email to MIS-C@childrensnaonal.org . Provide the paent’s name and
MR#.
Obtain an EKG and CXR
Admit to appropriate level of care PICU or Acute care (hospitalist or appropriate service)
Send Tier 2 Labs
o LDH, Triglyceride
o PT/PTT/INR, Fibrinogen
o Urinalysis, Urine random protein to creanine rao

Admission and Treatment
Children suspected to have this condion with circulatory instability will inially be admied to the Intensive Care Unit
for supporve care and monitoring. Children without circulatory instability may be closely monitored in the non-crical
care seng with a low threshold for transfer.
x

Ulize the MIS-C order set for further work up and consultaons.

Further treatment strategies will be individualized and may include (see the MIS-C Clinical Guideline for more detailed
informaon):
x IVIG
x Other immunomodulatory therapies: Anakinra, Inﬂiximab, IL-6 Inhibitors, Steroid
x Aspirin ( for KD-like presentaons) and other ancoagulants
x An-viral agents - Remdesivir
x Other experimental therapies TBD
Updates to these guidelines will be posted as they become available to us as we work closely with the CDC and other
invesgators.
Figure 1. (Continued).
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The above recommendaon guidelines have been prepared by:
x Infecous Diseases
o Dr. Roberta DeBiasi, Chief of Division of Infecous Diseases
x Crical Care Medicine
o Dr. Mike Bell, Chief of the Division of Crical Care Medicine
o Dr. Ma Sharron
x Cardiology
o Dr. Charles Berul, Chief of the Division of Cardiology
o Dr. Ashraf Harahsheh
x Rheumatology
o Dr. Sangeeta Sule, Chief of the Division of Rheumatology
o Dr. Hema Srinivasalu
x Hospitalist Medicine
o Dr. Karen Smith, Chief of the Division of Hospitalist Medicine
o Dr. Kavita Parikh
x Emergency Medicine
o Dr. Jay Pershad, Clinical Chief of the Division of Emergency Medicine
o Dr. Jaclyn Kline
x Hematology
o Dr. Suvankar Majumdar, Chief of the Division of Hematology
o Dr. Yaser Diab
x Immunology
o Dr. Hemant Sharma, Chief of the Division of Allergy & Immunology
o Dr. Vanessa Bundy
x Pharmacy
o Dr. Eleanor Sadler
x Gastroenterology
o Dr. Sona Seghal
x Neurology
o Dr. Beth Wells
x Chief Medical Oﬃcer
o Dr. David Wessel
Key References for Clinicians:
 Case Deﬁnion:
o Royal College of Physicians Case Deﬁnion :
 hps://www.rcpch.ac.uk/sites/default/ﬁles/2020-05/COVID-19-Paediatricmulsystem%20inﬂammatory%20syndrome-20200501.pdf
o

CDC Health Alert dated May 14, 2020
 hps://emergency.cdc.gov/han/index.asp?deliveryName=USCDC_511-DM28429

o

DCHealth Health Noce dated May 11, 2020
 hps://content.govdelivery.com/aachments/DCWASH/2020/05/11/ﬁle_aachme
nts/1448094/COVID_Peds%20Inﬂamm%20Disease_5-8-2020_FINAL.PDF

Addional Clinical References:
x Lucio Verdoni, Angelo Mazza, Annalisa Gervasoni, Laura Martelli, Maurizio Ruggeri, Maeo Ciuﬀreda, Ezio
Bonanomi, Lorenzo D’Anga. An outbreak of severe Kawasaki-like disease at the Italian epicentre of the
SARS-CoV-2 epidemic: an observaonal cohort study. Lancet. Published Online May 13, 2020;
hps://doi.org/10.1016/ S0140-6736(20)31103-X
Figure 1. (Continued).
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x

Shelley Riphagen, Xabier Gomez, Carmen Gonzalez-Marnez, Nick Wilkinson, Paraskevi Theochari.
Hyperinﬂammatory shock in children during COVID-19 pandemic. Lancet. Published Online May 6, 2020;
hps://doi.org/10.1016/ S0140-6736(20)31094-1.

x

Roberta DeBiasi, Xiaoyan Song, Meghan Delaney, Michael Bell, Karen Smith, Jay Pershad, Emily Ansusinha,
Andrea Hahn, Rana Hamdy, Nada Harik, Benjamin Hanisch, Barbara Jantausch, Adeline Koay, Robin Steinhorn,
Kurt Newman and David Wessel. Severe COVID-19 in Children and Young Adults in the Washington DC
Metropolitan Region. Journal of Pediatrics. Published Online May 12, 2020;
hps://www.jpeds.com/arcle/S0022-3476(20)30581-3/fulltext

Figure 1. (Continued).
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Figure 2. Children’s National MIS-C Taskforce clinical diagnosis and management algorithm. BID, twice daily; BNP, B-type
natriuretic peptide; CMP, comprehensive metabolic panel; CT, computed tomography; CVC, central venous catheter; CXR,
chest radiograph; EF, ejection fraction; EKG, electrocardiogram; INR, international normalized ratio; IV, intravenous; KD, Kawasaki disease; NPO, nothing by mouth; PT, prothrombin time; PTT, partial thromboplastin time; UA, urinalysis; VTE, venous
thromboembolism.
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Figure 2. (Continued).
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Figure 2. (Continued).
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Figure 2. (Continued).
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Figure 2. (Continued).

Multisystem Inflammatory Syndrome of Children: Subphenotypes, Risk Factors, Biomarkers, Cytokine Profiles, and Viral135.e10
Sequencing

THE JOURNAL OF PEDIATRICS



www.jpeds.com

Volume 237

Multisystem Inflammatory Syndrome in Children (MIS-C) confirmed or highly suspected

Adjunct therapy
Critically ill patients:

Any of the following:

Continue care:
Monitoring labs:

Frequency of labs:
Echocardiogram frequency:

Figure 3. Children’s National MIS-C Taskforce immunomodulation algorithm. ALT, alanine aminotransferase; AST, aspartate
transaminase; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; HLH, hemophagocytic lymphohistiocytosis.
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Continue Monitoring

Any of the following:

Continue Monitoring

Figure 3. (Continued).
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Continue Monitoring

Other Considerations:

Continue Monitoring

Figure 3. (Continued).
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Anakinra Dosing

Figure 3. (Continued).
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Figure 6. SARS-CoV-2 viral genome sequencing—phylogenetics. Phylogenetic analysis of the viral genome from MIS-C and
primary COVID-19–infected cases illustrates the global viral sequence diversity of the pandemic. Viral genomic RNA samples
from nasopharyngeal swabs from MIS-C cases and primary SARS-CoV-2 infection cases were sequenced and visualized in
context with representative samples from global GISAID samples with available geographic information. Each Children’s National Hospital case is annotated as MIS-C (blue diamond) or primary COVID-19 infection (green circle). GISAID, Global Initiative
on Sharing All Influenza Data.
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Table I. Demographics, patient characteristics, underlying conditions, and presenting symptoms—total MIS-C cohort

Variables of interest

Total MIS-C
(confirmed
+ probable, N = 63)

Age, mo, median (25/75 IQR)
87 (43-151)
Specific age bands (years)
<1
5 (8%)
1 to <5
18 (29%)
5 to <10
19 (30%)
10 to <15
15 (24%)
15+
6 (10%)
Sex (% female)
27 (42%)
Race/ethnicity
Black/NHL
29 (46%)
White
7 (11%)
Latino/Hispanic
22 (35%)
Other/unknown
5 (8%)
Insurance
Private
17 (27%)
Public
44 (70%)
Unknown or self-pay
2 (3%)
Any underlying condition
22 (35%)
Specific underlying condition
BMI percentile (Cerner)
74 (30-95) N = 55
Asthma
5 (8%)
Hematologic
2 (2%)
Diabetes
0 (0%)
Cancer/oncology
0 (0%)
Neurologic
2 (3%)
Symptoms at presentation
Fever
63 (100%)
Any respiratory (cough, SOB, rhinorrhea, congestion)
29 (46%)
Abdominal pain
41 (65%)
Rash
36 (57%)
Conjunctival injection
37 (59%)
Peripheral extremity changes or swelling or erythema
18 (29%)
Mucous membrane changes (strawberry
40 (63%)
tongue, lip erythema/cracking)
Meets complete Kawasaki disease criteria
28% (N = 33)

MISC confirmed
(N = 39)

MISC probable
(N = 24)

94 (43-152)

75 (18-140)

MISC control
(ruled out)
(N = 61)
55 (17-135)

0 (0%)
13 (33%)
13 (33%)
11 (28%)
2 (5%)
18 (46%)

5 (21%)
5 (21%)
6 (25%)
4 (17%)
4 (17%)
9 (38%)

9 (15%)
23 (38%)
10 (16%)
8 (13%)
11 (18%)
22 (36%)

20 (51%)
0 (0%)
17 (44%)
2 (5%)

9 (38%)
7 (29%)
5 (21%)
3 (12%)

13 (21%)
14 (23%)
21 (34%)
13 (21%)

5 (13%)
32 (82%)
2 (5%)
13 (33%)

12 (50%)
12 (50%)
0 (0%)
9 (38%)

17 (28%)
40 (66%)
4 (7%)
28 (46%)

P value
total MIS-C vs
control
(OR with 95% CI)
.21
.09

.47
.01

.67

.27

77 (30-95) N = 37 65.5 (36-96) N = 18 81 (55-95) N = 34
4 (10%)
1 (4%)
5 (8%)
0 (0%)
1 (4%)
1 (2%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
1 (2%)
1 (3%)
1 (4%)
7 (11%)

.26
>.99
>.99
N/A
.49
.09

39 (100%)
16 (41%)
32 (82%)
17 (44%)
24 (62%)
8 (21%)
25 (64%)

.03
.72
<.001
.15
<.001
.022
<.001

6 (33%) (N = 18)

24 (100%)
13 (54%)
9 (38%)
19 (79%)
13 (54%)
10 (42%)
15 (62%)
3 (20%) (N = 15)

56 (92%)
31 (51%)
20 (33%)
26 (43%)
7 (11%)
7 (11%)
15 (25%)
N/A

N/A

BMI, body mass index; N/A, not applicable; NHL, non-hispanic latino; SOB, shortness of breath.
Bold indicates statistically significant.
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Table III. Critically ill patients: LOS, support, and therapies—total MIS-C cohort

Variables of interest

Total MIS-C
(confirmed + inconclusive)
(N = 33)

LOS
PICU LOS, median (IQR)
Hospital LOS
Maximum respiratory support
Invasive
Noninvasive
Hemodialysis/CRRT
No
Yes—CRRT
Inotropes/vasopressors*
No
Yes
Corticosteroids†
No
Yes
IVIG‡
No
Yes
Aspirin§
No
Yes
Anakinra{
No
Yes
Remdesivir
No
Yes
Tocilizumab
No

MIS-C confirmed
(N = 31)

MIS-C probable
(N = 2)

MIS-C control
(ruled out) (N = 16)

P value total
MIS-C vs control

3 (1-5)
13 (2-24)

4.5 (3.5-8)
10.5 (6-16)

.20
.48
.58

4 (2-5)
12 (8-14)

4 (2-6)
12 (8-14)

4 (12.1%)
29 (87.9%)

4 (12.9%)
27 (87.1%)

0 (0%)
2 (100%)

5 (31.3%)
11 (68.8%)

32 (97%)
1 (3%)

30 (96.8%)
1 (3.2%)

2 (100%)
0 (0%)

15 (93.8%)
1 (6.3%)

12 (36.4 %)
21 (63.6 %)

10 (32.3%)
21 (67.7%)

2 (100%)
0 (0%)

11 (68.8%)
5 (31.3%)

26 (78.8%)
7 (21.2%)

24 (77.4%)
7 (22.6%)

2 (100%)
0 (0%)

14 (87.5%)
2 (12.5%)

1 (3%)
32 (97%)

1 (3.2%)
30 (96.8%)

0 (0%)
2 (100%)

14 (87.5%)
2 (12.5%)

1 (3%)
32 (97%)

1 (3.2%)
30 (96$8%)

0 (0%)
2 (100%)

15 (93.8%)
1 (6.3%)

7 (21.2%)
26 (78.8%)

6 (19.4%)
25 (80.6%)

1 (50%)
1 (50%)

16 (100%)
0 (0%)

33 (100%)
0 (0%)

31 (100%)
0 (0%)

2 (100%)
0 (0%)

15 (93.8%)
1 (6.3%)

33 (100%)

31 (100%)

2 (100%)

16 (100%)

>.99
.06
.70
<.001
<.001
<.001
.33

N/A

CRRT, continuous renal-replacement therapy; IVIG, intravenous immunoglobulin; LOS, length of stay; PICU, pediatric intensive care unit.
Bold indicates statistically significant.
*All patients receiving inotropes received epinephrine infusions with dosing ranging from 0.05 mg/kg/min to 0.6 mg/kg/min. Patients not responsive to epinephrine received additional infusions of
norepinephrine, milrinone, or vasopressin.
†Corticosteroid treatment included stress dose defined as hydrocortisone with a loading and subsequent dose of 2-4 mg/kg ranging from 2-5 days and/or pulse dose methylprednisolone dosed at 2
mg/kg/daily or 30 mg/kg/d for 3-5 days (as per immunomodulation algorithm). A total of 7 of 33 (21%) in the total MIS-C cohort received corticosteroid, of whom 7 received only stress dose hydrocortisone, 3 received only pulse dose methylprednisolone, and 1 received both.
‡IVIG dosed at 2 g/kg.
§Aspirin dosed at 30-50 mg/kg/d during acute phase.
{Anakinra dosed at 8 mg/kg/d intravenous or subcutaneous initially; titrated per clinical response to 10 mg/kg/d as per immunomodulation algorithm.

Table V. Cardiac abnormalities—full MIS-C cohort

Cardiac findings
Max z score
Z score
Medium or giant aneurysm (z score ³5)21
Small aneurysm (z score 2.5 to <5)21
Dilation (z score 2 to <2.5)21
Dilation or small aneurysm combined
(z score 2 to < 5)21
Minimum ejection fraction
Systolic myocardial dysfunction
Small pericardial effusion
Moderate or large pericardial effusion
Valvular regurgitation
Any cardiac complication

Total MIS-C
(confirmed
+ probable)

MIS-C
confirmed

MIS-C
probable

MIS-C control
(ruled out)

1.4 (0.6-1.8)
N = 60
N = 60
0
4 (7%)
7 (12%)
11 (18%)
N = 60
60.45 (55.55-62)
N = 60
14 (23%)
N = 62
4 (6%)
N = 62
0
13 (21%)
N = 62
26 (42%)
N = 62

1.6 (1.2-1.9)
N = 37
N = 37
0
3 (8%)
5 (14%)
8 (22%)
N = 37
58.5 (51-61)
N = 38
13 (33%)
N = 39
2 (5%)
N = 39
0
12 (31%)
N = 39
19 (49%)
N = 39

1.2 (0.71-1.6)
N = 23
N = 23
0
1 (4%)
2 (9%)
3 (13%)
N = 23
61.2 (59-63)
N = 22
1 (4%)
N = 23
2 (9%)
N = 23
0
1 (4%)
N = 23
5 (30%)
N = 23

1.1 (0.765-1.65)
N = 16
N = 16
0
1 (6%)
1 (6%)
2 (13%)
N = 16
62 (60-65)
N = 17
3 (15%)
N = 20
1 (5%)
N = 22
0
3 (14%)
N = 21
7 (23%)
N = 22

P value
confirmed
vs probable

P value
confirmed
vs control
(ruled out)

.6

.08

.22

.78

.85

>.99

.51

.71

.72

.01

.03

.10

.01

.22

.54

.62

>.09

>.99

.02

.22

.75

.19

.06

.13

P value
total MIS-C
vs control

Bold indicates statistically significant.
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Table VI. Cardiac abnormalities—MIS-C cohort subphenotypes

Cardiac findings
Max z score
Z score
Small aneurysm
(Z score
2.5 to < 5)21
Dilation
(Z score 2 to < 2.5)21
Dilation or small
aneurysm
combined
(Z score 2 to < 5)21
Minimum
ejection fraction
Systolic myocardial
dysfunction
Pericardial effusion
Valvular regurgitation
Any cardiac
complication

Kawasaki
disease
subphenotype
(N = 33)

Non-Kawasaki
disease
subphenotype
(N = 30)

1.3 (1.1-2)
N = 33
N = 33
3 (9%)

1.4 (0.9-1.7)
N = 27
N = 27
1 (4%)

6 (18%)

1 (4%)

9 (27%)
N = 33

2 (7%)
N = 27

61 (56.5-62.5)
N = 32
7 (21%)
N = 33
2 (6%)
N = 33
8 (24%)
N = 33
17 (52%)
N = 33

Critical
(N = 33)

Noncritical
(N = 30)

1$6 (1.2-1.96)
N = 32
N = 32
3 (9%)

1.15 (0.725-1.6)
N = 28
N = 28
1 (4%)

5 (16%)

2 (7%)

.09

8 (25%)
N = 32

3 (11%)
N = 28

59 (54.8-61)
N = 28

.21

57.5 (49.7-61)
N = 32

7 (24%)
N = 29
2 (7%)
N = 29
5 (17%)
N = 29
9 (31%)
N = 29

>.99

13 (39%)
N = 33
2 (6%)
N = 33
11 (33%)
N = 33
18 (55%)
N = 33

P value
.45
.16

>.99
.55
.13

PCR positive
(N = 20)

PCR negative
(N = 43)

1.4 (1.15-1.7)
N = 19
N = 19
1 (5%)

1.5 (0$86-1.9)
N = 41
N = 41
3 (7%)

1 (5%)

6 (15%)

.19

2 (11%)
N = 19

9 (22%)
N = 41

.48

61 (59-62.85)
N = 28

.01

61 (58.5-63)
N = 40

.001

1 (3%)
N = 29
2 (7%)
N = 29
2 (7%)
N = 29
8 (28%)
N = 29

.001

55.55
(49.7-60)
N = 20
9 (45%)
N = 20
0 (0%)
N = 20
6 (30%)
N = 20
9 (45%)
N = 20

5 (12%)
N = 42
4 (10%)
N = 42
7 (17%)
N = 42
17 (41%
N = 42)

.01

P value
.01
.42

>.99
.01
.04

P value
.87
.66

.30
.32
.79

Bold indicates statistically significant.

Multisystem Inflammatory Syndrome of Children: Subphenotypes, Risk Factors, Biomarkers, Cytokine Profiles, and Viral135.e18
Sequencing

