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Abstract
This study was conducted to assess the clinical spectrum, management, and outcome of SARS-CoV-2-related mul-
tisystem inflammatory syndrome in children (MIS-C). We reviewed medical records of children with MIS-C diag-
nosis seen at the Children’s Hospital of Michigan in Detroit between April and June 2020. Thirty-three children
were identified including 22 who required critical care (group 1) and 11 with less intense inflammation (group 2).
Children in group 1 were older (median 7.0 years) than those in group 2 (median 2.0 years). Abdominal pain was
present in 68% of patients in group 1. Hypotension or shock was present in 17/22 patients in group 1. Thirteen
(39.4%) had Kawasaki disease (KD)–like manifestations. Five developed coronary artery dilatation; All resolved on
follow-up. Intravenous immunoglobulin (IVIG) was given to all patients in group 1 and 7/11 in group 2. Second-line
therapy was needed in 13/22 (group 1) for persisting inflammation or myocardial dysfunction; 12 received infliximab. All
patients recovered.

Conclusion: MIS-C clinical manifestations may overlap with KD; however, MIS-C is likely a distinct inflammatory process
characterized by reversible myocardial dysfunction and rarely coronary artery dilatation. Supportive care, IVIG, and second-line
therapy with infliximab were associated with a favorable outcome.
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Abbreviations
AHA American Heart Association
ALC Absolute lymphocyte count
ALT Alanine aminotransferase
AST Aspartate aminotransferase
BNP Brain natriuretic peptide
BUN Blood urea nitrogen
CBC Complete blood count
CDC Centers for Disease Control and

Prevention
CK Creatine kinase
COVID-19 Coronavirus disease 2019
CRP C-reactive protein
CT Computed tomography
ECG Electrocardiogram
ECMO Extracorporeal membrane oxygenation
ESR Erythrocyte sedimentation rate
GI Gastrointestinal
IL Interleukin
IQR Interquartile
IVIG Intravenous immunoglobulin
KD Kawasaki disease
KDSS Kawasaki disease shock syndrome
LDH Lactate dehydrogenase
LMCA Left main coronary artery
MAS Macrophage activation syndrome
PICU Pediatric intensive care unit
PT Prothrombin time
PTT Partial thromboplastin time
MIS-C Multisystem inflammatory

syndrome in children
RT-PCR Reverse transcription-polymerase

chain reaction
SARS-CoV-2 Severe acute respiratory syndrome

coronavirus 2
TNF Tumor necrosis factor
TSS Toxic shock syndrome

Introduction

The pandemic of severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) has rapidly spread worldwide since it
was first identified in China in December 2019 [1]. Infections
in adults are characterized by severe interstitial pneumonia,
acute respiratory distress syndrome, multiorgan failure and
even death. Immune responses including a cytokine storm
during coronavirus disease (COVID-19) have been shown to
play an important role in the pathogenesis of tissue injury and
multisystem involvement [1, 2]. Most COVID-19 infections
in children are mild or asymptomatic [3–5]. However, there
are recent reports of clusters of children who developed severe
systemic inflammatory response related to SARS-CoV-2 in-
fection [6–8].

The first report of pediatric systemic inflammatory syn-
drome related to SARS-CoV-2 occurred on April 26, 2020,
from the UK that described an increasing number of otherwise
healthy children who were hospitalized with a severe inflam-
matory syndrome characterized by hypotension, multisystem
involvement, and elevated inflammatory markers [9].
Affected children tested positive for infection with SARS-
CoV-2 or had epidemiological link to an infected contact. In
early May 2020, the New York State Department of Health
issued a health advisory of children with multisystem inflam-
matory syndrome with similar clinical presentation who tested
positive for SARS-CoV-2 by RT-PCR or serology [10]. On
May 14, 2020, the US Centers for Disease Control (CDC)
published the case definition of this syndrome which was
called the multisystem inflammatory syndrome in children
(MIS-C) associated with COVID-19 [11]. Additional reports
of this inflammatory syndrome from other countries including
Italy, France, Switzerland, and the UK have followed [6–8].
Children with MIS-C can develop clinical features that mimic
other inflammatory disorders such as Kawasaki disease, toxic
shock syndrome (streptococcal or staphylococcal), and mac-
rophage activation syndrome [6, 12].

What is Known:
• Multisystem inflammatory syndrome in children (MIS-C) manifestations include fever, gastrointestinal symptoms, shock, and occasional features of
Kawasaki disease (KD).

• Treatment includes immunomodulatory agents, most commonly IVIG and corticosteroids.

What is New:
• Spectrum of MIS-C varies from mild to severe inflammation and coronary artery dilatation occurred in 5/22 (23%) critically ill patients.
• IVIG and infliximab therapy were associated with a favorable outcome including resolution of coronary dilatation; only 2/33 received corticosteroids.
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The first cases of COVID-19 in the state of Michigan were
reported on March 10, 2020, followed by a rapid increase in
COVID-19 cases and deaths. On March 27, 2020, the US
Surgeon General declared Metro Detroit which had most of
the cases inMichigan a “hot spot” in the USA. At our hospital,
which serves a large proportion of children in Metro Detroit,
we have noted an increasing number of children admitted with
“Kawasaki disease (KD)” diagnosis during April 2020. By the
end of April and inMay 2020, we noted an unexpectedly large
number of children who were admitted to our pediatric inten-
sive care unit (PICU) for hypotension and shock in the setting
of multisystem inflammation. These patients tested positive
for SARS-CoV-2 either by RT-PCR or by serology or had
history of exposure to adult contacts with COVID-19.

The aim of our study was to review the clinical spectrum of
illness in children with MIS-C at our hospital. We describe the
clinical findings in children who required intensive care due to
severe inflammation and those who had less severe inflamma-
tion or self-limited illness.We discuss the differences between
the two groups and the similarities and differences with KD.
We also present our experience in the use of anti-
inflammatory medications including intravenous immuno-
globulin (IVIG) and the role of the tumor necrosis factor
(TNF)-α antagonist infliximab in severe and IVIG-resistant
cases. The echocardiographic findings of these patients at
baseline and outpatient follow-up are also presented.

Patients and methods

Children admitted to the Children’s Hospital of Michigan
(CHM) with the diagnosis of MIS-C during the period from
April 1, 2020, to June 5, 2020, were included in this study.
CHM is a tertiary care teaching pediatric institution with 228-
bed capacity including a 48-bed pediatric intensive care unit.
For this study, we reviewed the patients’ demographic data,
COVID-19 exposure, laboratory findings including microbi-
ologic and radiographic data, electrocardiogram (ECG) and
echocardiogram findings, clinical course, response to treat-
ment, and outcome. Patients were diagnosed with multisystem
inflammatory syndrome in children (MIS-C) associated with
COVID-19 using US Center for diseases Control (CDC)
criteria published on May 14, 2020 [11]. To better delineate
the spectrum of MIS-C, we included patients with COVID-19
infection or exposure who presented with fever and elevated
inflammatory markers but had no features of organ failure or
myocardial dysfunction and did not require intensive care. KD
features in patients with KD-like clinical presentations were
categorized as classic or incomplete according to the 2017
criteria of the American Heart Association (AHA) [13].

Cardiac evaluation included baseline echocardiogram
(ECG) as well as blood high-sensitivity troponin I and brain
natriuretic peptide (BNP) levels. Troponin I levels were re-
peated daily if the patient remained febrile. All patients who
were admitted to the intensive care unit were monitored with
continuous telemetry. Repeat ECG and echocardiogram were
obtained in case of worsening clinical condition as well as at
2- and 6-week outpatient follow-up. Coronary artery Z score
was calculated based on the formula by McCrindle et al. [14].

Laboratory studies included baseline complete blood count
(CBC); inflammatory markers including C-reactive protein
(CRP), erythrocyte sedimentation rate (ESR), ferritin, D dimer,
and lactate dehydrogenase (LDH); and coagulation studies
such as fibrinogen, prothrombin time (PT), and partial throm-
boplastin time (PTT). Baseline assessment of liver function
(alanine aminotransferase (ALT) and aspartate aminotransfer-
ase (AST), kidney function (blood urea nitrogen (BUN), and
creatinine) and creatine kinase (CK) were obtained as well as
evaluation of any other end-organ involvement as clinically
indicated. CBC, CRP, ferritin, D dimer, CK, and LDH were
trended daily if the patient remained febrile. Patients with
evidence of myocardial dysfunction and multiorgan dysfunc-
tion were managed in the PICU. Testing for SARS-CoV-2
included RT-PCR from nasopharyngeal swabs using
Cepheid Xpert Xpress SARS-CoV-2 Assay (Cepheid Inc.,
Sunnyvale, CA, USA) and serum immunoglobulin (Ig) G im-
munoassay (Abbott Laboratories, Lake Bluff, IL, USA) that
detects antibodies against the viral nucleocapsid protein. The
study was approved by the Institutional Review Board at
Wayne State University. A waiver of consent was granted.

Statistical analysis Data on different clinical variables and fre-
quencies were analyzed using SPSS version 20. A non-
parametric Fisher’s exact test was employed to examine po-
tential differences in categorical variables between study
groups. Continuous data were described as median and inter-
quartile (IQR) values. A p value of e 0.05 was considered
statistically significant.

Results

Between April 1 and June 5, 2020, 33 children with MIS-C
associated with COVID-19 were identified. Of these included
22 children who required critical care due to hypotension,
myocardial dysfunction, or multisystem involvement (group
1) and 11 children whose systemic inflammation findings
were not as severe and did not warrant critical care (group
2). The age range of all study patients was 3 months to 17
years (median 6.0, IQR range 3.0–9.0 years). Patients who
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required critical care were older (median 7.0, IQR range 6.0–
10.0 years) than those who did not (median 2.0, IQR 1.3–5.0
years). Of the 33 patients, 18 were females including 14/22
(64%) in group 1 patients, and 25 were African American
including 18/22 (82%) in group 1 (Table 1). None of our study
p a t i e n t s h a d u n d e r l y i n g h e a r t d i s e a s e o r
immunocompromising conditions. Clinical characteristics of
study patients are listed in Table 1. Among 33 children with
MIS-C 13 (39.4%) had overlapping features with classic or
incomplete KD. The peak incidence of cases of MIS-C oc-
curred 4 weeks after the peak incidence of new cases in the
state of Michigan (Fig. 1).

All study patients had documented infection or exposure to
SARS-CoV-2. Infection was confirmed in 18/22 (82%) pa-
tients who required intensive care including 5 who tested pos-
itive by both nasopharyngeal RT-PCR and serum IgG.
Exposure to a family member who tested positive for
COVID-19 was documented in 16/33 (48.5%) patients.

All study patients had fever (temperature > 38.5C) and
decreased activity. Gastrointestinal symptoms such as abdom-
inal pain, vomiting, or diarrhea were common. Abdominal
pain was reported in 17/33 (52%) of patients including 15/
22 (68%) in group 1 (Table 1). Surgical evaluation was re-
quested for 6 patients who had abdominal tenderness
concerning for peritonitis; none had surgical intervention.
Abdominal ultrasound was done for 13 patients in groups 1
and 10 showed abnormal findings including 5 with hepato-
megaly/splenomegaly, 3 with prominent or enlarged abdomi-
nal lymph nodes mainly noted in right lower quadrant sugges-
tive of mesenteric adenitis, and one with gallbladder wall
thickening and pericholecystic fluid. Echogenic kidneys indi-
cating renal kidney disease were also seen in 2 patients.
Computed tomography (CT) scans of the abdomen were done
for 3 patients in group 1 and revealed acute pancreatitis,
duodenitis, jejunitis, and ascites in one patient; enlarged
lymph nodes in the right lower quadrant in one patient; and
acalculous cholecystitis in another. Abdominal imaging was
abnormal in two children in group 2: one had mild spleno-
megaly and dilated common bile duct by ultrasound, and one
had multiple enlarged lymph nodes in the right lower quadrant
by CT scan.

At time of PICU admission, 17 of 22 (77%) were hypoten-
sive or had cardiogenic shock and 16 of 17 required intrave-
nous inotropic agents for 1 to 6 days (median 3 days) includ-
ing epinephrine: 16, dopamine: 5, and milrinone: 4 patients.
Six of 22 (27%) required intubation and mechanical ventila-
tion for 4 to 8 days (median 6 days). A 6-year-old female had
cardiac arrest and required cardiopulmonary resuscitation.
Two patients required veno-arterial extracorporeal membrane
oxygenation (V-A ECMO) for severe myocardial dysfunction
including the child who had cardiac arrest and a 17-year-old
male; both were successfully decannulated after 6 and 4 days
respectively. Unfractionated or low molecular weight heparin

was used for prophylaxis of thromboembolism in all 6 me-
chanically ventilated patients. Two patients required packed
red cell transfusion and 2 received transfusion with fresh fro-
zen plasma.

All patients had elevation of inflammatory markers. Other
laboratory findings included lymphopenia, hyponatremia, hy-
poalbuminemia, evidence of acute kidney injury (AKI), and
mild liver transaminase elevation. The laboratory parameters
of the two study groups are listed in Table 2. Cytokine levels
were not routinely tested. Interleukin (IL)-6 levels were ele-
vated in all 4 patients in group 1 who were tested.

ECG and telemetry monitoring showed frequent isolated
premature ventricular contractions in one patient and acceler-
ated junctional rhythm with atrioventricular dissociation in 4
patients. The arrhythmia resolved during inpatient stay and no
arrhythmia was detected on follow-up outpatient ECG of all
patients except for the patient who had premature ventricular
contractions. The patients did not report any palpitations or
syncope on outpatient follow-up. A 24-h Holter monitor was
obtained during outpatient follow-up on the patient with per-
sistent premature ventricular contractions. It showed isolated
premature ventricular contraction burden of 11%.

Echocardiography was performed in all patients and
showed depressed left ventricular function (ejection fraction
< 55%) in 15/22 (68%) patients in group 1. Small or trace
pericardial effusions were reported in 6 patients including 4
in group 1 and 2 in group 2. Dilatation of the coronary arteries
(Z scores > 2.0) was detected in 5/22 (23%) patients in group
1. Three (3 months, 3 years, and 7 years) had clinical features
that overlapped with KD, and the other 2 were teenagers who
had concomitant severe left ventricular dysfunction (Table 3;
patients #1, 3, 4, 10, and 13). The left main coronary artery
(LMCA) was dilated in 4 patients, left anterior descending
artery (LAD) in 3 patients, and right coronary artery in 1
patient. Coronary dilatation markedly improved or resolved
in all patients on follow-up. No patient had coronary artery
Z score > 2.5 on outpatient follow-up echocardiograms
(Table 3).

First-line anti-inflammatory treatment was intravenous im-
munoglobulins (IVIG) at a dose of 2 g/kg which was given to
all patients in group 1 and to 7/11 (64%) patients in group 2.
For obese patients, the dose of IVIG was adjusted for the
weight that correlates with the height percentile in standard
CDC growth charts. Second-dose IVIG therapy was given to 2
patients in group 2 due to persistent fever 48 h after first
infusion, and one received infliximab after second IVIG infu-
sion. Thirteen (59%) patients in group 1 received second-line
therapy due to persistent fever and severe inflammatory state
as evidenced by rising inflammatory markers or due to severe-
ly depressed myocardial systolic function on presentation. All
5 patients who had coronary artery dilatation required second-
line therapy. High-dose infliximab (10 mg/kg) was given to
12/13 (92%) of patients who required second-line therapy,
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Table 1 Clinical characteristic and cardiac findings: comparison between 22 children who required critical care (group 1) versus 11 with less severe
inflammation (group 2)

Demographic characteristics

Total Total (%) Group 1 (critical) (%) Group 2 (noncritical) (%) p values#

33 22 11

Age (year)

Median (IQR range) 6.0 (3.0–9.0) 7.0 (6.0–10.0) 2.0 (1.3–5.0) < 0.01

< 1 year 4 (12.1) 1 (4.5) 3 (27.3) 0.10

1–5 10 (30.3) 4 (18.2) 6 (54.5) 0.04

6–10 14 (42.4) 12 (54.5) 2 (18.2) 0.05

11–18 5 (15.2) 5 (22.7) 0 (0) 0.16

Sex

M 15 (45.5) 8 (36.4) 7 (63.6) 0.13

F 18 (54.5) 14 (63.6) 4 (36.4)

Ethnicity

AA 25 (75.8) 18 (81.8) 7 (54.5) 0.23

Caucasian 3 (9.1) 0 (0) 3 (27.3) 0.03

ME 2 (6.1) 2 (9.1) 0 (0) 0.44

Hispanic 2 (6.1) 1 (4.5) 1 (9.1) 0.56

Other 1 (3.0) 1 (4.5) 0 (0) 0.67

Comorbidities

Asthma 7 (21.2) 7 (31.8) 0 (0) 0.04

Obesity 6 (18.2) 5 (22.7) 1 (9.1) 0.33

Type 2 DM 1 (3.0) 1 (4.5) 0 (0) 0.67

Obesity + asthma 3 (9.1) 3 (13.6) 0 (0) 0.28

Clinical presentation

Fever 33 (100) 22 (100) 11 (100) 1.00

GI symptoms

Vomiting 15 (45.5) 10 (45.5) 5 (45.5) 0.45

Diarrhea 17 (51.5) 12 (54.5) 5 (45.5) 0.45

Abdominal pain 17 (51.5) 15 (68.2) 2 (18.2) 0.01

Respiratory distress 4 (12.1) 4 (18.2) 0 (0) 0.18

Skin rash 19 (57.6) 14 (63.6) 5 (45.5) 0.27

Neck tenderness 6 (18.2) 6 (27.3) 0 (0) 0.07

Lymphadenopathy 13 (39.4) 8 (36.4) 5 (45.5) 0.45

KD diagnosis

Classic 7 (21.2) 6 (27.3) 1 (9.1) 0.23

Incomplete 6 (18.2) 4 (18.2) 2 (18.2) 0.67

Chest pain 4 (12.1) 4 (18.2) 0 (0) 0.18

Hypotension 17 (51.5) 17 (77.3) 0 (0) < 0.01

Cardiac involvement

Coronaries

Dilated 5 (18.2) 5 (27.3) 0 (0)

Aneurysms 0 (0)

Ejection fraction (%)*

> 55 17 (53.1) 6 (31.8) 11 (100)

30–54 13 (40.6) 13 (59.5) 0 (0)

< 30 2 (6) 2 (9.1) 0 (0)

PICU pediatric intensive care unit, AA African American, MEMiddle Eastern, DM diabetes mellitus, GI gastrointestinal
# Italics indicate significant p values (e 0.05)

*Lowest EF during admission, available for 32 patients
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and 2/13 (15%) received repeat IVIG infusion. One patient
who required V-A ECMO also received pulse methylprednis-
olone therapy (1 g daily × 3 days) due to persistent fever and
persistent myocardial dysfunction following IVIG and
infliximab therapy (Table 3, patient #1). The other patient
who required V-A ECMO was initially treated with IVIG
concomitantly with a 5-day course of IV methylprednisolone
at 2 mg/kg/day for 5 days. Details of clinical findings, timeline
of second-line therapy, and echocardiographic findings in re-
lation to therapy are included in Table 3. All patients who
received anti-inflammatory therapy with IVIG or infliximab
were also given moderate-dose aspirin (30–50 mg/kg) until
afebrile for 48 to 72 h. This was followed by low-dose aspirin
(3–5 mg/kg) once daily.

Antiviral therapy with remdesivir was given to 2 patients
who tested positive for SARS-CoV-2 RT-PCR and who also
required V-A ECMO. Both were diagnosed with severe MIS-
C and were not suffering from adult-type COVID-19. Both
had radiological findings that were more likely due to vascular
congestion than primary pulmonary involvement and both
tested positive for SARS-CoV-2 IgG. Concomitant infections
were rare. Rapid group A Streptococcus antigen test was pos-
itive in 2 patients in group 1. Blood cultures were obtained
from all patients; all but one was negative (patient #2,
Table 3). Antibiotics were given to 27/33 (82%) patients in-
cluding all but one patient in group 1. The most common
antibiotics used were ceftriaxone and clindamycin. The
BioFire FilmArray Respiratory Panel (Biofire Diagnostics,
Salt Lake City, UT, USA) was tested in 18/33 (55%) study
patients and all were negative.

All study patients had favorable outcome, and all were
discharged home in stable condition. At time of discharge,
all had normal ventricular function except one who had mild
decrease in ejection fraction which normalized after 2 weeks.
Complications were noted in one patient (#1, Table 3) who
developed a hematoma and thrombosis of the internal jugular
vein at the site V-A ECMO cannulation, hypertension, and

stress-related neuropsychiatric problems related to his PICU
stay. Hematoma formation in this patient was likely due to
concomitant use of enoxaparin and aspirin after decannulation
in the setting of systemic hypertension. No other thrombotic
or embolic events were diagnosed in other patients. Two pa-
tients were noted to have increased left ventricular mass on
repeat echocardiography (Table 3; patients #1 and #4) likely
due to myocardial edema, but this has resolved with subse-
quent follow-up. No adverse drug reactions or infectious com-
plications were attributed to infliximab use. For group 1 pa-
tients, the median PICU stay was 4.5 days (IQR 2–7 days),
and the median hospital stay was 7.5 days (IQR 5–9.25 days).
For group 2, the median hospital stay was 4 days (IQR 2–7
days).

Discussion

Our study patients withMIS-C had a wide spectrum of clinical
presentations varying frommild, self-limited disease to severe
systemic inflammation. However, myocardial dysfunction
was a consistent finding in patients with severe inflammation.
Children with MIS-C who required critical care were older
than those who had less severe disease. Gastrointestinal man-
ifestations were common. Five of 22 (23%) MIS-C patients
who required critical care also developed coronary dilatation.
Infliximab was used successfully as a second-line anti-inflam-
matory therapy in MIC-S patients who required critical care.
All patients in our study had a favorable outcome including
resolution of coronary artery dilatation. Of note, only two
patients in our study received steroid therapy. Recent reports
from the USA and other countries around the world indicate a
rise in the number of cases of MIS-C. The syndrome has
overlapping features with toxic shock syndrome (TSS), classic
and incomplete KD, and macrophage activation syndrome
(MAS) [6–8, 15–17]. The severity of illness in our critically
ill patients was higher than other reports [17, 18]. This was

Fig. 1 Weekly new cases of
COVID-19 in the state of
Michigan with a peak incidence
on the week of April 5, 2020
(left). Weekly new cases of MIS-
C at CHM (right) with a peak 4–5
weeks later
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demonstrated by 27% receiving mechanical ventilation, 73%
requiring inotropic support, and 9% receiving ECMO.

The majority (76%) of children with MIS-C in our study
were African American including 18/22 (82%) who required
intensive care management. Other studies have also reported
increased prevalence of MIS-C in ethnic minorities especially
among African ethnicities [15]. It is however unclear whether
the increased prevalence MIS-C in African Americans is due
to genetic predisposition versus a reflection of widespread
SARS-CoV-2 infection in their communities. In contrast, de-
spite widespread infection with SARS-CoV-2 in China, South
Korea, and Japan in the early months of the pandemic, there
have been no reports of increased KD orMIS-C cases in Asian
populations that are known to have higher incidence of KD
than other ethnic groups [12, 19].

The clinical manifestation showed predominance of ab-
dominal symptoms rather than chest pain or primary respira-
tory complaints. Abdominal pain was common in our patients
and was present in 68% of patients who were admitted to
PICU. GI complications were the presenting symptoms in
84% of cases in one study and often accompanied by fever

and skin rash in 100% and 71% of patients respectively [20].
Findings on abdominal imaging in our patients included en-
larged lymph nodes, hepatosplenomegaly, mesenteric adeni-
tis, acalculous cholecystitis, pancreatitis, ascites, and bowel
wall thickening and inflammation. These findings are not typ-
ically seen in KD. An 8-year-old boy in group 2 presented
with prolonged fever, loss of taste, and large abdominal lymph
nodes concerning for malignancy without other clinical fea-
tures or cardiovascular manifestations. MIS-C should be con-
sidered in patients who present with significant GI symptoms
with recent SARS-CoV-2 infection or exposure. The prodro-
mal GI symptoms, clinical signs of peritoneal inflammation,
and abdominal lymph node enlargement raise concerns of
viral replication occurring in the GI tract. The pathophysio-
logical mechanism of GI involvement is postulated to be re-
lated to the affinity of the SARS-CoV-2 to angiotensin-
converting enzyme-2 receptor (ACE2) which is located in
multiple human cells including enterocytes in the ilium and
colon [21]. ACE2 receptor, which in part mediates inflamma-
tion, may be upregulated during SARS-CoV-2 infection [21].
GI involvement is present in most patients with MIS-C and

Table 2 Laboratory data in study patients: comparison between 22 children who required critical care (group 1) versus 11 with less severe
inflammation (group 2)

Laboratory data (medians)

Total number Total (IQR) Group 1 (critical) (IQR) Group 2 (noncritical) (IQR) Reference value p values#

33 22 11

C-reactive protein (mg/l) 171.4 (126.0–291.8) 267.2 (170.6–316.1) 126 (38.6–154.5) < 5 < 0.01

ESR (mm/h) 62 (36.5–103.0) 62 (42.0–112.0) 70.5 (25.0–95.5) < 13 0.99

Sodium (mMol/l) 130 (128–133) 128.5 (127–131) 133 (132–135) 136–145 0.02

Creatinine (mg/dl) 0.52 (0.37–0.8) 0.71 (0.48–1.06) 0.35 (0.29–0.43) < 0.6 0.04

Albumin (g/dl) 2.6 (2.3–3.1) 2.5 (2.2–2.7) 3.2 (3.1–3.8) < 4.7 < 0.01

ALT (U/l) 32 (20–56) 40 (20–78) 23 (18–33) < 52 0.10

AST (U/l) 40 (33–90) 44.5 (33–99) 40 (29–64) < 39 0.34

LDH (U/l) 397 (329–475) 390 (330–447) 432.5 (290–477) < 271 0.77

CK (U/l) 133 (57–307) 199 (64–554) 90 (52–133) < 233 0.07

WBC (K/CUMM) 13.3 (8.8–18.7) 13.8 (9.6–18.6) 9.9 (8.5–19.5) 4.1–11.3 0.61

ALC (K/CUMM) 900 (600–1900) 800 (600–1100) 2100 (1100–3400) 800–7900 < 0.01

Fibrinogen (mg/dl) 488 (429–686) 607 (433–687) 480 (428–516) < 466 0.55

PT (s) 12 (11.4–12.7) 12.5 (11.4–13) 11.5 (11.3–12) < 11.7 0.10

PTT (s) 31.6 (30.1–33.5) 31.8 (30.6–34.8) 30.3 (29.6–31.1) < 33.1 0.06

D dimer (mg/l FEU) 4.3 (2.2–7.9) 5.1 (4.1–8.2) 2.1 (1.5–3.2) < 0.5 0.06

Ferritin (ng/ml) 382 (183.8–828.9) 681.1 (380.3–869.1) 121.6 (75.1–272.7) < 336 < 0.01

Troponin (ng/l) 96.5 (27–161) 131.5 (89–437) 26 (11–44) < 17 < 0.01

BNP (pg/ml) 966.5 (498–2028) 1524.5 (555–2301) 281.5 (25–566) < 101 0.03

IL-6 (pg/ml)* 22 (15.5–91) 22 (15.5–91) N/A < 6

IQR interquartile, ESR erythrocyte sedimentation rate, ALT alanine aminotransferase, AST aspartate aminotransferase, LDH lactate dehydrogenase, CK
creatine kinase,WBC white blood cells, ALC absolute lymphocyte count, PT prothrombin time, PTT partial thromboplastin time, BNP brain natriuretic
peptide, IL-6 interleukin 6
# Italics indicate significant p values (e 0.05)

*Only available for 4 patients
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any segment of the GI tract may be affected. However, the
inflammation predominates in the terminal ilium and colon
[22]. Sahn et al. reported GI involvement in 34/35 patients
with MIS-C with more than 50% of those who had abdominal
CT imaging showing terminal ileitis and bowel wall thicken-
ing, features that are similar to inflammatory bowel disease
[22]. Bowel obstruction was reported in 2/19 (10.5%) patients
with MIS-C who warranted imaging including one who re-
quired ileocolic resection due to worsening intestinal obstruc-
tion [22]. Histopathology revealed transmural lymphocytic
inflammation and the ileocolic mass revealed necrotizing
lymphadenitis [22].

Severe myocarditis may occur in the late phase of adult
COVID-19 which is characterized by cytokine storm,
hyperinflammation, and multiorgan damage including myo-
carditis and laboratory findings suggestive of MAS or TSS
[23]. In contrast, the rapid resolution of systolic myocardial
dysfunction in our MIS-C patients suggests that the mecha-
nism of heart failure is likely secondary to systemic inflam-
matory response causing myocardial edema and stunning,
rather than primary myocardial injury as seen in adults with
COVID-19 [7]. In addition, the frequent detection of IgG an-
tibody to SARS-CoV-2 with rare detection of the virus by
PCR in nasopharyngeal samples suggest that MIS-C is a
post-infectious inflammatory process in contrast to the pro-
gressively worsening acute infection in adult patients [7, 24].

Children with MIS-C who develop coronary artery dilata-
tion may represent a subset of patients with a more severe
phenotype who need close monitoring and long-term cardiac
follow-up of coronary artery abnormalities as well as subtle
structural abnormalities and function. In a recent report from
the UK, Whittaker et al. have not found any difference in
clinical or laboratory markers among patients with MIS-C
who developed coronary artery dilatation when compared to
those who did not develop coronary abnormalities [8].
Because the long-term prognosis of patients across the spec-
trum of MIS-C presentations is unclear, sequential echocardi-
ography may be advisable for all patients as recommended for
KD patients [8].

The levels of CRP and other markers of inflammation in
MIS-C patients are higher than those seen in KD patients [6,
7]. In our study, patients who required critical care were found
to have significantly higher levels of CRP, ferritin, and D

dimers as well as troponin I and BNP levels than those with
milder or self-l imited inflammation. In addition,
hyponatremia, AKI, lymphopenia, and hypoalbuminemia
were more common among PICU patients than those with less
severe disease. These laboratory findings may serve as
markers to predict the progression of disease.

All of our 22 PICU study patients and 7/11 of those with
less severe inflammation were treated with IVIG (2 g/kg).
Like other reports, some of our patients were treated with
supportive care alone [8]. Some received IVIG treatment

due to the diagnosis of complete or incomplete KD. The use
of second-line therapy was common among PICU patients
likely due to the intense inflammation that was not adequately
controlled by IVIG. Second-line therapy with high-dose
infliximab (10 mg/kg) was used in 12/22 PICU patients and
was successful in controlling the inflammatory process as ev-
idenced by resolution of fever, improvement of cardiac func-
tion, and improvement of coronary artery dilatation (Table 3).
Patients in different MIS-C reports were treated with different
immunomodulatory mediations including IVIG, corticoste-
roids, anakinra, tocilizumab, and infliximab [7, 8, 15–17,
25]. However, details were not reported regarding indications,
time, and relation to echocardiographic changes. In addition,
the clinical response of patients to each regimen has not been
reported. Treatment regimen was not controlled or random-
ized in our case series, but we followed a standardized proto-
col where patients who require systemic anti-inflammatory
therapy will receive IVIG. Second-line therapy with high-
dose infliximab was given to patients with persistent fever
and inflammation, including those with myocardial dysfunc-
tion that failed to improve after IVIG. If further therapy was
needed, pulse steroid therapy with methylprednisolone 30
mg/kg daily (max dose 1 g) for 1–3 days was given [26]. All
patients who require anti-inflammatory therapy were given
aspirin as directed by AHA recommendation for treatment
of KD [13].

Timely administration of anti-inflammatory therapy may
be essential to prevent complications and need for escalation
of supportive care. Of note, the 2 patients with the most severe
presentation and who required ECMO were the earliest pa-
tients who were admitted to our PICU. One received IVIG and
the other (Table 3, #1) received infliximab on day 4.
Subsequently, we had 3 more patients with severe myocardial
dysfunction who were considered for ECMO therapy. All 3
received high-dose infliximab immediately after IVIG infu-
sion which may have resulted in faster resolution of fever
and inflammation and subsequently averted the need for
ECMO. Our findings suggest that adjunctive anti-
inflammatory therapy besides IVIG should be considered ear-
ly in the management of patients with intense inflammation
and severe myocardial dysfunction.

The lack of adequate response to IVIG in cases with intense
inflammation in our case series warrants further evaluation of
the inflammatory pathways involved in MIS-C pathogenesis.
Although MIS-C seems to be a distinct entity from KD, the
similarities in clinical presentations including cardiac involve-
ment and response to treatment provide information on the
possible underlying mechanisms of both disorders [8, 12].
Our patients who were refractory to IVIG therapy responded
to infliximab, a TNF-α blocker that has been used successful-
ly to treat IVIG refractory KD [27]. TNF-α, a proinflamma-
tory cytokine, has been demonstrated to be associated with
severe KD complications [28]. The levels of many

1589Eur J Pediatr (2021) 180:1581–1591



proinflammatory cytokines, chemokines, and soluble adhe-
sion molecules can be elevated in the acute stage KD
[29–31]. The IL-6 level was elevated in patients MIS-C as
well as other cytokines such as IL-8 and TNF-α [7, 25]. The
role of different cytokines in the pathogenesis of MIS-C re-
mains to be determined. However, two recent studies have
demonstrated TNF-α to be particularly elevated in MIS-C
and was an immunological marker that discriminated between
MIS-C from severe COVID-19 patients [32, 33].

In conclusion, our large single-center experience with MIS-
C suggests that the clinical manifestations may overlap with
KD. However, the inflammatory process is likely unique to
SARS-CoV-2 infection and is characterized by reversible myo-
cardial dysfunction and/or coronary artery dilatation in some
children. Certain laboratory markers such as elevated serum
CRP, ferritin, or D dimer; low albumin, sodium, or ALC may
be predictors of more severe disease manifestations. Supportive
care, IVIG, and second-line therapy with infliximab were asso-
ciated with excellent outcome in our patients including those
with high disease severity. Treatment with a single dose of
infliximab may provide an effective alternative to a prolonged
and tapering course of glucocorticoids.
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