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Abstract

COVID-19 is generally a benign or asymptomatic infection in children, but can occasionally be severe or fatal.
Delayed presentation of COVID-19 with hyperinflammation and multi-organ involvement was recently recognized,
designated the Multisystem Inflammatory Syndrome in Children (MIS-C). Six children with MIS-C with molecular
and serologic evidence of SARS-CoV-2 infection were admitted to our hospital between May 5, 2020 and June
25, 2020. All had fever and weakness; 4/6 presented with gastrointestinal symptoms. Two children had features
of complete Kawasaki disease, 3 had incomplete Kawasaki disease, while | had terminal ileitis with delayed onset
of circulatory shock. Treatment consisted of intravenous immunoglobulin and aspirin for Kawasaki-like disease.
Remdesivir, corticosteroids, and infliximab were used when indicated. Median hospitalization was 7 days. Inmediate
treatment resulted in rapid clinical improvement. In children presenting with hyperinflammatory syndromes without
cardiac manifestations, testing for SARS-CoV-2 RNA and antibodies, with close cardiac monitoring should be
pursued due to the manifold presentations of SARS-CoV-2 infection in children.
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reports of children in Europe presenting with a severe
hyperinflammatory syndrome and multi-organ involve-
ment with some deaths temporally related to SARS-
CoV-2 infection, leading to widespread concerns among
physicians and parents alike.>® This has since been
identified in the United States, prompting the Centers
for Disease Control and Prevention (CDC) to issue a
warning and provide a case definition and guidance on
diagnosis and management on what is now termed

Introduction

SARS-CoV-2 was identified in December 2019 as caus-
ing a cluster of pneumonia in Wuhan City, China,
although the first affected individual (“patient zero”)
may have been an adult in Hubei province on November
17,2019.' The disease, termed COVID-19, was declared
a global pandemic on March 11, 2020.! SARS-CoV-2
infections in adults can range from the asymptomatic to
the fatal, with the most feared illnesses being severe
interstitial pneumonia and hyperactivation of the inflam-

matory cascade.>® By way of contrast, an early system-
atic literature review of pediatric SARS-CoV-2 infection
indicated that children typically had asymptomatic
infection or mild respiratory symptoms such as dry
cough, fever, and fatigue.* More recently, there emerged
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Table |. Diagnostic Criteria for Multisystem Inflammatory Syndrome in Children Associated with COVID-19 (MIS-C) and

Kawasaki Disease.

Multisystem Inflammatory Syndrome in Children Associated with COVID-19 (MIS-C)*

- Age <2l years
- Fever =38°C or report of subjective fever for =24 hours
- Severe illness requiring hospitalization

- =2 organ systems involved (cardiac, renal, respiratory, hematologic, gastrointestinal, dermatologic, or neurological)
- Laboratory evidence of inflammation (one or more of the following: elevated C-reactive protein, erythrocyte sedimentation
rate, fibrinogen, procalcitonin, lactic acid dehydrogenase, d-dimer, fibrinogen, or interleukin-6, elevated neutrophil count,

reduced lymphocyte count, and low serum albumin
- No alternative plausible diagnosis
AND

- Positive for current or recent SARS-CoV-2 infection by RT-PCR, serology, or antigen test; or exposure to a suspected or
confirmed COVID-19 case within the 4weeks prior to onset of symptoms

Kawasaki Disease®
- Fever lasting =5days
AND

- At least 4 of the following criteria (complete Kawasaki disease) or 2—3 criteria (incomplete Kawasaki disease):

Rash

Cervical lymphadenopathy (=1.5cm in diameter)
Bilateral conjunctival injection

Oral mucosa changes

Peripheral extremity changes

*https://www.cdc.gov/mis-c/hcp/index.html
bcdc.gov/Kawasaki/case-def

Multisystem Inflammatory Syndrome in Children (MIS-
C) Associated with Coronavirus Disease 2019 (COVID-
19) in the United States and Pediatric Inflammatory
Multisystem Syndrome (PIMS) in Europe.>’ Within a
span of 7weeks, we encountered 6 children with MIS-C
with myriad clinical presentations, all clearly linked to
SARS-CoV-2 infections. The first 5 were hospitalized
within the first 2.5weeks of this time interval and the
sixth a month later, mirroring the level of SARS-CoV-2
disease activity in Southeast Michigan. This report
describes their clinical presentations, management, and
short-term outcomes.

Materials and Methods

Children younger than 18years of age admitted to
Beaumont Children’s Hospital, Royal Oak, Michigan
between May 5, 2020 and June 25, 2020 with molecular
and/or serologic evidence of SARS-CoV-2 infection
were eligible for the study. These included 6 children
diagnosed with MIS-C.

SARS-CoV-2 infection was confirmed with RNA
detection in nasopharyngeal swabs using the Centers for
Disease Control and Prevention 2019-nCoV Real-Time
Reverse Transcriptase-PCR Diagnostic Panel (CDC
qPCR) and/or by detection of SARS CoV-2 IgG and IgA
responses by enzyme immunoassay (EUROIMMUN

AG, Germany). MIS-C was defined according to the
United States CDC criteria as enumerated in Table 1.
Diagnostic criteria for Kawasaki Disease are also
described in Table 1.

Echocardiograms were performed for children meet-
ing the criteria for complete or incomplete Kawasaki
disease or if they required inotropic support. Treatment
consisted of a combination of intravenous gammaglobu-
lin (IGIV), high-dose aspirin, and/or methylpredniso-
lone, as determined by the treating physicians. IGIV was
given as a 2 g/kg infusion over 10 to 12 hours, methyl-
prednisolone at a dose of 2 mg/kg per day, and aspirin at
80 to 100 mg/kg per day in 4 divided doses followed by
low-dose aspirin at 3 to S5mg/kg once daily for 6 to
8 weeks. Infliximab (5 mg/kg once daily for 2 days) was
used for 1 child with IGIV-resistant Kawasaki disease.

Ethical Approval and Informed Consent

The study was approved by the Institutional Review
Board (IRB# 2020-106) for Beaumont Health. A waiver
for informed consent was granted by the IRB as this was
part of a large registry for a study entitled “In House
COVID-19 Testing Experience at a Tertiary Children’s
Hospital in the Metropolitan Detroit Area; A Case
Series.” The electronic health records were reviewed
for demographic information, clinical presentation,


https://www.cdc.gov/mis-c/hcp/index.html

Shikhare et al

Table 2. Demographic and Clinical Characteristics (N =6).

Characteristic Value, N (%)

Age (years)

Median 8years
Age <l year 2 (33.3)
Age |-5years 0 (0)
Age 6—10years 2 (33.3)
Age | 1-16years 2 (33.3)
Sex

Female 4 (66.7)
Male 2 (33.3)
Race

African American 2 (33.3)
Caucasian 2 (33.3)
Hispanic I (16.7)
Biracial I (16.7)
Comorbidity

None 4 (66.7)
Asthma I (16.7)
Seizure disorder I (16.7)
Clinical characteristics

Fever 6 (100)
Weakness 6 (100)
Gastrointestinal symptoms 4 (66.7)
Respiratory difficulties 3 (50)

Rash 4 (66.7)
Conjunctival injection 3 (50)
Cervical adenopathy I (16.7)

laboratory and imaging data, treatment modalities, and
outcomes. Outpatient follow up data were included
where available.

Results

Between May 5, 2020 and June 25, 2020, 6 children
were treated at Beaumont Children’s Hospital, 5 in the
Pediatric Intensive Care Unit (PICU), for SARS-CoV-2-
related MIS-C. Demographic data and presentation
features are summarized in Table 2. The median age
was 8years (range, 9 months-14years). Four were girls.
None had underlying cardiac disease. Pre-existing
comorbidities were limited to 1 with asthma and 1 who
had a controlled seizure disorder.

SARS-CoV-2 infection was confirmed in all 6
patients. Nasopharyngeal swab PCR detected SARS-
CoV-2 RNA in 4 out of 6 children (66.7%). Five were
positive for SARS-CoV-2 IgA and IgG, but 1 child was
not tested (case 2). Case 3 had 3 negative nasopharyn-
geal swabs by PCR but had IgG and IgA antibodies for
SARS-CoV-2.

All 6 children presented with daily high fever for 1
to 9days (median, 3 days), with temperatures ranging

from 38.2°C to 40°C. The children also presented with
“weakness,” and 4 had gastrointestinal symptoms
(vomiting, abdominal pain, and/or diarrhea). Three
children required inotropic support for 3 to 6 days upon
admission. Case 3 developed hypotension and pulmo-
nary disease requiring fluid boluses after hospitaliza-
tion, but no inotropic agents. Two were diagnosed with
features consistent with complete Kawasaki disease and
3 others had features of incomplete Kawasaki disease
(or Kawasaki-like MIS-C). Case 3 presented with peri-
tonitis and was diagnosed with MIS-C when SARS-
CoV-2 antibodies were found to be positive.

Laboratory data, imaging and echocardiographic
findings, and treatments received are summarized in
Table 3. Peak d-dimer values ranged from 1124 to
5203 ng/mL (normal 0-499ng/mL), peak BNP level
from 368 to 1317pg/mL (normal 0-100pg/mL), and
troponin I between <0.01 and 2.44ng/mL (normal
0.00-0.03 ng/mL) among those tested in our series. Four
of 6 children were noted to have lymphopenia on initial
laboratory tests. Gallbladder hydrops was noted in 1
infant (case 1).

Three children had echocardiographic abnormalities,
2 of whom had coronary artery dilation/aneurysm. These
3 children, along with cases 1 and 2 with an initial diag-
nosis of incomplete Kawasaki disease, were treated with
IGIV and high-dose aspirin for 2-4 days. Case 6 was
additionally treated with methylprednisolone for 5 days
and remdesivir due to requirement of supplemental oxy-
gen by high flow nasal cannula and evidence of multifo-
cal pneumonia on chest radiographs.

Case 3 was initially thought to have peritonitis. He
had a history of recurrent, almost identical, febrile
illnesses with abdominal pain occurring at irregular
intervals during the preceding year, each lasting for 2 to
4days. A periodic fever syndrome such as familial
Mediterranean fever was suspected. CT scan of the
abdomen and pelvis (with oral and intravenous contrast)
revealed terminal ileitis and mesenteric lymphadenopa-
thy, without appendicitis (Figure 1). He became hypo-
tensive and had pulmonary infiltrates on the second
hospital day, was treated with 5 days of intravenous
methylprednisolone only, and quickly improved. The
child was diagnosed with MIS-C after the detection of
SARS-CoV-2 IgG and IgA antibodies. His mother also
harbored IgG and IgA antibodies to SARS-CoV-2 but
was never ill. Subsequent genetic testing for periodic
fever-associated gene mutations was negative. The child
never developed coronary artery abnormalities.

The 12-year-old girl (case 5) was African American
and her first elevated body temperature of 38.2°C was
noted on admission. She had limited clinical improve-
ment after 2 IGIV doses, high-dose aspirin, and 5 days
of methylprednisolone. Within less than 24hours of
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Figure 1. Coronal reconstruction of contrast-enhanced CT
demonstrates wall thickening of the terminal ileum (arrow).

stopping methylprednisolone, she had relapse of her
Kawasaki-like disease with high fever, intense eye red-
ness, and palmar erythema. She improved quickly after
2 infliximab doses, and was sent home on a 2-week
tapering regimen of prednisone.

Clinical and hemodynamic improvement was noted
within 24 hours of initiation of treatment in the 5 other
children. Median duration of hospitalization was 7 days
(range, 4-10days). All had follow up evaluations at vari-
ous intervals after hospital discharge. Follow up echo-
cardiograms were obtained on 5 children 2 weeks after
their initial presentation, 4 of which were normal. For
case 5, coronary artery dilation resolved a month after
hospital discharge. Case 2 was initially lost to follow-
up, but an echocardiogram 6 to 8 weeks after hospital
discharge was normal (Table 3).

Five of the 6 children in this case series were hospital-
ized within a 2.5-week time period between May 5, 2020
and May 23, 2020, about 4 to 6 weeks after Michigan
reported its peak number of COVID-19 cases. The num-
ber of COVID-19 cases declined considerably after the
mandatory lockdown imposed by the State of Michigan,
and only 1 infant with MIS-C was admitted to our hospi-
tal a month after the initial cluster of 5 children.

Discussion

We report a case series of 6 children with multisystem
inflammatory syndrome associated with COVID-19,
presenting largely with findings compatible with com-
plete or incomplete Kawasaki disease. All had evidence
of SARS-COV-2 infection, of whom 5 had mounted IgA

and IgG responses to the virus (one infant was not
tested) suggesting that the clinical illnesses are pre-
dominantly post-infectious hyperinflammatory manifes-
tations. The varied clinical presentations make the
diagnosis of MIS-C challenging and needs to be consid-
ered in a broad range of circumstances. The frequency
of gastrointestinal manifestations, older median age at
onset, hypotension, echocardiographic evidence of car-
diac dysfunction more than coronary artery involve-
ment, and strong association with SARS-CoV-2
infection seem to separate this illness into a distinct
clinical entity. Gastrointestinal complaints in febrile
children may be the sole presenting feature for SARS-
COV-2-related MIS-C, as described in case 3.°

Kawasaki disease is an acute febrile vasculitis of the
medium-sized vessels with multisystem involvement,
which typically affects children less than 5Syears of
age.” In the acute phase of the disease, children with
Kawasaki disease might have hemodynamic instability,
a condition known as Kawasaki disecase shock syn-
drome (KDSS).!? Multisystem inflammatory syndrome
in children has been recognized to have features similar
to Kawasaki disease, bacterial sepsis, toxic shock syn-
drome, and macrophage activation syndrome. It can
present with peculiar abdominal symptoms and marked
elevation of inflammatory markers.!!

A study from France and Switzerland reported acute
cardiac decompensation due to an inflammatory state
secondary to SARS-CoV-2 infection.’ This emerging
condition manifested by features overlapping with toxic
shock syndrome and atypical Kawasaki disease together
with evidence of cardiac inflammation is termed multi-
system inflammatory syndrome in children (MIS-C).}
The overlapping characteristics of MIS-C and Kawasaki
disease are thought to be due to similarity in pathophysi-
ology.’ Antibodies against SARS-CoV-2 can be detected
in the middle and later stage of the illness.'? Their pres-
ence generally indicates exposure to the virus about
3 weeks or longer prior to admission.’

Another case study of 8 patients in the United
Kingdom demonstrated a phenomenon of hyperinflam-
matory syndrome and multiorgan involvement.® They
reported presentations with unrelenting fever, variable
rash, conjunctivitis, peripheral edema, and significant
gastrointestinal symptoms. The children had no signifi-
cant respiratory involvement but progressed to vaso-
plegic shock requiring noradrenaline and milrinone for
hemodynamic support. Unlike our study, children tested
negative for SARS-CoV-2 RNA on bronchoalveolar
lavage or nasopharyngeal aspirate samples, and a com-
mon echocardiographic finding was echobright coro-
nary vessels that progressed to a giant coronary aneurysm
in 1 child within a week.
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In a case series of 58 children in England with PIMS,
43% required respiratory support with mechanical ven-
tilation, while in our study none required this level of
respiratory care.'® In another case series of 17 children
with MIS-C from New York City, children presented
with fever, gastrointestinal symptoms and required ino-
tropic support with zero requiring mechanical ventila-
tion, similar to our study. They reported left ventricular
dysfunction without coronary dilatation, unlike 2 chil-
dren in our study that had coronary abnormalities as
mentioned in Table 3.'* In all of the above studies, chil-
dren were treated with IGIV and aspirin with/without
corticosteroids as well as other immunomodulators.

In a recent study of 576 children <I18years of age
hospitalized in the United States with laboratory con-
firmed COVID-19 reported to COVID-NET (COVID-
19-Associated Hospitalization Surveillance Network),
208 had their charts carefully reviewed. A third required
admission to PICUs, 4.8% needed vasopressor support,
9.1% received corticosteroids, and 6.7% were adminis-
tered IGIV. Only 9 had a discharge diagnosis of MIS-C,
5 of whom were 2 to 4years of age and 3 were 5 to
17 years of age.!® In a systematic review by the Centers
for Disease Control and Prevention of all published
MIS-C cases reported between April 25, 2020 and June
29, 2020, 8 studies comprising 440 diagnosed children
from various countries were included. The median ages
across studies were 7.3 to 10years, of whom only 13%
to 69% had positive SARS-CoV-2 RNA and 75% to
100% had positive serologic test results against the
virus. Gastrointestinal symptoms were the most com-
mon (87%), followed by dermatologic (73%) and car-
diac (71%) manifestations; 0% to 2% of children across
the studies died from MIS-C.'¢

We noted clinical improvement within 24 hours of
initiation of treatment with IGIV, aspirin, and/ or corti-
costeroids in 5 children. Case 5 in our series had features
of IGIV-resistant Kawasaki disease. She had progres-
sion of coronary dilatation with aneurysm formation
after 2 doses of IGIV. Rapid improvement in coronary
dilatation was noted upon treatment with infliximab.
Case 3 was treated with only intravenous methylpred-
nisolone due to a history of recurrent fever and concern
for a periodic fever syndrome; there was low suspicion
for COVID-19 infection with lack of features of
Kawasaki disease. This child was found to have terminal
ileitis and mesenteric lymphadenopathy, and then devel-
oped hypotension requiring saline fluid boluses. He had
IgA and IgG antibodies against SARS-CoV-2. Testing
for genetic mutations associated with periodic fever syn-
dromes was later shown to be negative. All children
were discharged after a median of 7 days.

MIS-C appears to be a post-infectious complication
of SARS-CoV-2 infection, possibly related to IgG

development, although an 11-year-old girl who quickly
died of this condition had histologic pancarditis with the
identification viral particles consistent with coronavi-
ruses within several cardiac muscle cells, capillary
endothelial cells, and endocardium. SARS-CoV-2 RNA
was detected in cardiac and lung tissues.!” A recent study
comparing echocardiographic findings among 28 chil-
dren with MIS-C, 20 controls, and 20 with classic
Kawasaki disease found that only 4% of those with
MIS-C had coronary artery dilation. Left ventricular
systolic and diastolic function was worse among chil-
dren with MIS-C as compared to those with Kawasaki
disease.'® In a case series of 4 children with myocarditis
and MIS-C with no detectable SARS-CoV-2 RNA in
nasopharyngeal, respiratory, and stool samples, but pos-
itive serologic test results for viral antibodies, cardiac
MRI revealed diffuse myocardial edema without gado-
linium enhancement, which was suggestive of replace-
ment fibrosis or focal necrosis. This was felt to support
a post-infectious immune-mediated myocarditis. "

Antibodies to the virus can appear as carly as the
second week of infection, and it is not possible to retro-
spectively determine the timing of initial SARS-CoV-2
infection.?’ Regardless of exact etiopathogenesis, chil-
dren with MIS-C have hyperinflammation with high
levels of interleukin (IL)-1B, IL-6, IL-8, IL-10, IL-17,
and interferon-y, high CD64 expression on neutrophils
and monocytes, and B and T cell lymphopenia, all of
which return to normal after recovery.?!

In conclusion, multisystem inflammatory syndrome
in children (MIS-C) presents frequently with Kawasaki-
like disease and immediate initiation of appropriate
treatment with IGIV, aspirin, and/or corticosteroids
typically resulted in rapid clinical improvement in our
case series. In children presenting with hyperinflam-
matory syndromes without cardiac manifestations,
testing for SARS-CoV-2 RNA and antibodies, with
close cardiac monitoring, should be part of the medical
management.
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