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KEY POINTS

� Coronavirus disease 2019 in children is typically milder than adults; symptoms commonly
include headache, fever, and cough.

� Severe coronavirus disease 2019 has been reported in the pediatric population, typically
in children with underlying conditions.

� Multisystem inflammatory syndrome in children is a postinfectious sequela of severe
acute respiratory syndrome coronavirus 2 infection that has prominent cardiovascular
and gastrointestinal symptomatology.

� There are patients with features of both severe acute coronavirus disease 2019 and multi-
system inflammatory syndrome in children, suggesting that further work is needed to
characterize this overlap and refine disease definitions.
CORONAVIRUS DISEASE 2019 IN CHILDREN AND ADOLESCENTS

In 2019, a novel coronavirus emerged called severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), which causes coronavirus disease 2019 (COVID-19). Initially
identified in Wuhan, China, COVID-19 spread internationally and became a global
pandemic. Most pediatric COVID-19 cases were milder than in adults, but in the early
spring of 2020, a new inflammatory syndrome emerged in children who had evidence
of prior SARS CoV-2 infection, called multisystem inflammatory syndrome in children
(MIS-C). This article describes the features, diagnosis, and treatment of pediatric
COVID-19 and MIS-C based on the data available at the time of publication.

Incidence and Mortality Rates

As of March 2021, there were approximately 2,592,619 cases of COVID-19 in people
under 18 in the United States and 300 deaths.1 Of all American cases, 2.1% were in
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children aged 0 to 4 years old, and another 10.2% were in those aged 5 to 17.1 Prev-
alence varies by age, with estimates ranging from 17% for children under 2 years old
to 25% of children ages 6 to 10 years old, and 23% in 10 to 14 years old.2

The severity of the disease is generally lower for children, with only 1% to 5% of pe-
diatric cases qualifying as severe versus to 10% to 20% in adults.3 This finding is
thought to reflect the lower levels of angiotensin-converting enzyme 2 expression in
alveolar cells, which is the mechanism by which SARS-CoV-2 enters cells.3 Likewise,
mortality rates are estimated at 0.3% (95% confidence interval, 0.1–0.4) in patients un-
der 21 years of age,2 in comparison with 5.8% for American adults.4 Being older than
12 years and having a high initial C-reactive protein (CRP) are risk factors for admis-
sion to a pediatric intensive care unit, and high CRP, leukocytosis, and thrombocyto-
penia are risk factors for organ dysfunction.5 Viral load and young age, specifically
children under 1 year of age, are other risk factors for more severe disease.6

Clinical Features

Presenting symptoms in pediatric COVID-19 cases are variable (Table 1).2 Estimates
of asymptomatic infection range from 13% to 50% of pediatric cases.2 The median
time from exposure to onset of symptoms is 7 days.7 Of symptomatic cases, head-
ache occurs in approximately two-thirds and fever and cough in about one-half.2

Gastrointestinal symptoms, sore throat, and rhinorrhea are rare,2 although patients
with more severe COVID-19 experience gastrointestinal and upper respiratory
symptoms.8

The definition of severe COVID-19 in children varies, but includes requiring inpa-
tient care and having at least 1 severe organ system manifestation and a positive
reverse transcriptase polymerase chain reaction test for SARS CoV-2 infection.8

Among severe cases described in the United States Overcoming COVID-19
network, the majority (71%) had severe respiratory disease, whereas less than
3% had severe cardiovascular involvement and 9% had severe cardiorespiratory
involvement. Of these patients, one-half required some form of respiratory support,
including 15% on mechanical ventilation and 1.4% on extracorporeal membrane
oxygenation.8 Neurologic manifestations were noted in 20% of patients in the
same cohort.9 When considering both patients with severe COVID-19 and MIS-C
with neurologic manifestations, 12% had potentially life-threatening complications,
including encephalopathy, stroke, cerebral edema, demyelination, and Guillain–
Barré syndrome.9

Comorbidities
Previously healthy children are susceptible to a severe COVID-19 course, including
death.10 However, the majority of severe and/or hospitalized cases had comorbidities,
such as asthma, immunosuppression, and neurologic disease.10–12 A history of pre-
maturity, asthma, or diabetes; an immunocompromised state; and gastrointestinal
disease are associated with an increased odds of admission.13 Furthermore, those
with asthma and gastrointestinal disease are more likely to require respiratory sup-
port.13 Obesity is associated with a higher risk of severe COVID-19.12 Patients with
chronic conditions may have a concomitant worsening of their underlying disease,
including diabetic ketoacidosis and acute chest syndrome.5

Coinfection with other viruses and bacteria is an important consideration. A meta-
analysis found that 5.6% of pediatric patients had a coinfection; within this group,
58% hadMycoplasma pneumoniae, 11.1% had influenza A or B, 9.7% had respiratory
syncytial virus; the remainder had other common types of viral and bacterial
infections.11



Table 1
Symptoms in pediatric COVID-19 and MIS-C

Symptom Pediatric COVID-19 MIS-C

Asymptomatic 13%2 0% by definition

Fever 55%2 100% by definition

Respiratory Cough in 45%,
dyspnea in 19%2

14%2

Cardiovascular N/Aa 71%2

Shock in 35%,
cardiac dysfunction in 40%,
hypotension in 50%41

Gastrointestinal 6%2 87%2

Abdominal pain,
vomiting, and diarrhea

Mucocutaneous N/Ab 73%2

Rash in 53%,
conjunctivitis in 48%,
mucocutaneous lesions in 35%41

Neurologic Headache in 67%2 22%2

Abbreviation: N/A, not applicable.
a In severe cases, 2.9%.8
b In severe cases, 10.2%.8
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Thrombotic complications from COVID-19 such as deep vein thrombosis and pul-
monary embolism were seen in 2.1% of pediatric cases in a multicenter retrospective
cohort study in the United States, sometimes despite thromboprophylaxis.14

Laboratory evaluations
In a meta-analysis of pediatric cases, the most common laboratory findings were high
ferritin and procalcitonin in approximately 25% and high CRP in approximately 20% of
patients.2 The mean CRP among pediatric cases of COVID-19 is estimated at 9.4 mg/
L.11 In contrast with adult cases, the leukocyte count was normal in around 70% of
cases, with 15% each having leukopenia or leukocytosis.15 D-Dimer, IL-6, and creat-
inine kinase may also be elevated.11

Imaging
In reported pediatric cases, the chest radiographs were normal in roughly one-third,
and another one-third showed focal consolidations; the remainder demonstrated
ground glass opacities.2,11 A systematic review of chest computed tomography (CT)
scans in pediatric cases found that 61.5% showed either consolidations or ground
glass opacities; 26.5% were normal.16

Treatment

Patients with mild or moderate symptoms of COVID-19 often do well with supportive
care alone. However, therapies such as monoclonal antibodies, antiviral therapy, glu-
cocorticoids (GC), and immunosuppression may be indicated.
Monoclonal antibodies, such as bamlanivimab–etesevimab and casirivimab–

imdevimab, have emergency use authorization through the US Food and Drug Admin-
istration in pediatric patients who present with mild to moderate disease and who are
at high risk for progression to severe disease.17,18 High-risk conditions include
obesity, chronic respiratory disease, chronic kidney disease, and
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immunocompromised states, such as those with rheumatologic disease who are on
immunosuppressive therapy.
Antiviral therapy with remdesivir should be considered for patients with a positive

SARS-CoV-2 polymerase chain reaction test and severe or critical manifestations of
either COVID-19.
GCmay be an option for pediatric patients who require respiratory support, but data

are lacking.19 GC may also be considered for patients with concurrent acute respira-
tory distress syndrome, septic shock, or adrenal insufficiency.
Convalescent plasma has an emergency use authorization from the US Food and

Drug Administration for adult patients who are critically ill with COVID-19,20 but its
use has not been well-studied in pediatric patients with COVID-19.21 If considered,
it should be administered early in the course of illness, especially if there is no improve-
ment after remdesivir and GC, and for those patients with impaired humoral immunity.
Finally, antiplatelet and anticoagulation therapy should be considered to prevent

thrombotic complications. Experts have recommended prophylactic low molecular
weight heparin in children hospitalized for COVID-19 or MIS-C who are at higher
risk for thrombosis, including elevated D-dimer, risk factors for severe SARS-CoV-2–
related disease, or risk factors for venous thromboembolism, such as a family history,
obesity, and chronic inflammatory conditions.22

Treatment resistance and complications
A subset of adult patients develop high levels of inflammation around the second week
of COVID-19, termed COVID-19–associated hyperinflammatory syndrome.23

Frequent manifestations include fever, high ferritin, liver injury, hematologic abnormal-
ities, coagulopathy, and high levels of inflammatory cytokines, specifically CRP and
IL-6. There have been several adult trials for COVID-19–associated hyperinflammatory
syndrome, primarily with tocilizumab, with conflicting results.24,25 The use of tocilizu-
mab in pediatric patients with COVID-19 has not been studied formally. The American
College of Rheumatology (ACR) has issued guidelines for pediatric patients with
COVID-19 who develop hyperinflammation; recommendations include anakinra and
consideration of other therapies with less evidence, including GC and tociliuzumab.26

Outcomes and Long-Term Recommendations

Data are still emerging on the long-term outcomes after COVID-19 in children. In a
small case series from China, a repeat CT scan approximately 30 days after discharge
showed that one-half of pediatric patients had imaging abnormalities, but dyspnea
scores were all mild and improving, and no patients required oxygen.27

In adults, long COVID has been described with symptoms of headache, fatigue,
dyspnea, and anosmia lasting for weeks to months after infection.28 The full spectrum
of long COVID, or postacute sequelae of SARS-CoV-2 infection, has not yet been fully
characterized in children, but efforts are underway.
Currently, messenger RNA vaccines against SARS-CoV-2 have been approved for

patients age 12 and older; large pediatric trials are assembled with results expected by
summer 2021. Vaccination is recommended for eligible people who have had COVID-
19, but delaying vaccination for 90 days after the acute illness is recommended.

COVID-19 in Pediatric Rheumatic Diseases

The ACR has issued guidance regarding medication management in children with
rheumatologic disease in the setting of the SARS-CoV-2 pandemic.29 Pediatric pa-
tients with chronic rheumatologic disease do not uniformly seem to be at a higher
risk of COVID-19. In adults, there is a higher odds of death in those with moderate



COVID-19 in Pediatrics 801
to high rheumatologic disease activity and certain medications, including GC, rituxi-
mab, and sulfasalazine.30 Similar data have not been reported in pediatric rheumatic
diseases, but are being collected. To date, specific guidance has not been issued
regarding SARS-CoV-2 vaccination in pediatric rheumatology patients, but the ACR
has recommended holding certain immunosuppressives for adults with rheumatic dis-
ease around vaccination.31

MULTISYSTEM INFLAMMATORY SYNDROME IN CHILDREN

MIS-C is a potentially life-threatening condition that can have acute, severe cardiovas-
cular symptoms. It is presumably a post infectious phenomenon following SARS-CoV-2
infection and32,33 is considered on the spectrum of postacute sequelae of SARS-CoV-2
infection manifestations. This syndrome was first described with a cluster of children
presenting with hyperinflammatory shock in London in mid-April of 2020.34 Soon there-
after, cases rose globally, prompting the Centers for Disease Control and Prevention
(CDC) to define MIS-C in May.35 The case definition for MIS-C from the CDC, the World
Health Organization (WHO),36 and Royal College of Pediatrics and Child Health37 are
outlined in Table 2.
The timing of symptom onset is typically 3 to 6 weeks after exposure to SARS-CoV-

2 (Fig. 1).38 The majority of patients with MIS-C did not have significant illness at the
time of the inciting SARS-CoV-2 infection. Of note, this time frame is longer than that
seen for hyperinflammatory states from COVID-19.

Incidence and Mortality Rates

As of early April 2021, there were 3185 cases of MIS-C in the United States and 36
deaths reported to the CDC.35 The incidence is low, with an estimated 2 in 200,000
people under 21 years of age.39 In a systematic review of global cases including
665 patients, 11 patients (1.7%) died.40

MIS-C is more commonly seen in males (59%) than females.38 The median age is
between 7.3 and 10.0 years,40,41 and a similar illness can rarely be seen in adults.42

Patients with MIS-C aged 6 to 12 and 13 to 20 years were more likely than those
aged 0 to 5 years to require intensive care.43 There is a greater incidence among pa-
tients identifying as racial or ethnic minorities, especially people with African, Afro-
Caribbean, and Hispanic ancestries.26,40 In a meta-analysis, between 31% and
62% of patients identified as Black or Afro-Caribbean, and 36% to 39% as Hispanic.38

Intensive care unit admission is also more common among patients identifying as non-
Hispanic Black, compared with non-Hispanic White.43 It is not clear whether these
race-based differences are due to genetics, inequities in social determinants of health
impacting exposure to SARS-CoV-2, or both.38,41 Obesity is common in patients with
MIS-C, with roughly one-half of patients qualifying as overweight or obese based on
body mass index.44

Clinical Features

Patients with MIS-C have fever and involvement of at least 2 organ systems. The most
common symptoms are gastrointestinal, mucocutaneous, and cardiovascular (see
Table 1).38 The mucocutaneous features and rash in MIS-C have invoked compari-
sons to Kawasaki disease.45 The rash is variable, and mucocutaneous symptoms
occur quickly, within a mean of 2.7 days after start of fever.46 Roughly one-quarter
to one-half of patients with MIS-C also met the criteria for Kawasaki disease, most
commonly the incomplete presentation.26,40 Nearly one-quarter of patients have
myocarditis, making hypotension and shock common presenting symptoms.40 Other



Table 2
Definitions of MIS-C and PIMS-TS

Organization
Centers for Disease Control and
Prevention World Health Organization

Royal College of Pediatrics and
Child Health

Population Individuals aged <21 y Individuals aged <20 y Children

Clinical symptoms Fever: >38.0 �C for�24 h, or report
of subjective fever lasting �24 h

AND both of the following:
Evidence of clinically severe

illness requiring
hospitalization

Multisystem (>2) organ
involvement: cardiac, renal,
respiratory, hematologic,
gastrointestinal, dermatologic
or neurologic

Fever: >3 d
AND two of the following:

Rash or bilateral nonpurulent
conjunctivitis or
mucocutaneous inflammation
signs (oral, hands or feet)

Hypotension or shock
Features of myocardial
dysfunction, pericarditis,
valvulitis, or coronary
abnormalities (including
echocardiographic findings or
elevated troponin/N-terminal
pro B-type natriuretic protein)

Evidence of coagulopathy (by
prothrombin time, partial
thromboplastin time,
elevated D-dimers)

Acute gastrointestinal problems
(diarrhea, vomiting, or
abdominal pain)

Fever: >38.5 �C and persistent
AND evidence of single or

multiorgan dysfunction:
Shock
Cardiac disorder
Respiratory disorder
Renal disorder
Gastrointestinal disorder
Neurologic disorder

Laboratory evidence
of inflammation

AND one or more of the following:
Elevated CRP
Elevated ESR
Elevated fibrinogen
Elevated ferritin
Elevated LDH
Elevated IL-6

AND elevated markers of
inflammation such as:
ESR
CRP
Procalcitonin

AND inflammation:
Neutrophilia
Elevated CRP
Lymphopenia
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Elevated neutrophils
Low lymphocytes
Low albumin

SARS-CoV-2 testing AND one of the following:
Positive for current or recent

SARS-CoV-2 infection by RT-
PCR, serology, or antigen test

COVID-19 exposure within the
4 wk before the onset of
symptoms

AND one of the following:
Evidence of COVID-19: RT-PCR,
antigen test or serology
positive

Likely contact with patients with
COVID-19

AND:
Positive or negative SARS-CoV-2

PCR testing

Evaluation of
other diagnoses

AND:
No alternative plausible

diagnoses

AND:
No other obvious microbial
cause of inflammation,
including bacterial sepsis,
staphylococcal or
streptococcal shock
syndromes

AND:
Exclusion of any other microbial

cause, including bacterial
sepsis, staphylococcal or
streptococcal shock
syndromes, infections
associated with myocarditis
such as enterovirus (waiting
for results of these
investigations should not
delay seeking expert advice)

This may include children fulfilling
full or partial criteria for Kawasaki
disease

Abbreviations: ESR, erythrocyte sedimentation rate; RT-PCR, reverse transcriptase polymerase chain reaction test. C
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Fig. 1. CDC daily MIS-C cases and COVID-19 cases (7-day moving average). The graph shows
the 7-day average number of MIS-C and COVID-19 cases with MIS-C date of onset between
February 19, 2020, and February 21, 2021. The grayed-out area on the right side represents
the most recent 6 weeks of data, for which reporting of MIS-C cases is still incomplete. (From
Centers for Disease C. Daily MIS-C Cases and COVID-19 Cases (Seven-Day Moving Average).
https://www.cdc.gov/mis-c/cases/index.html Published 2021. Accessed March 1, 2021.)
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cardiac complications include arrhythmia, left ventricular (LV) dysfunction, and coro-
nary artery ectasia or aneurysms.6 Neurologic symptoms occur in 22%, including
headache, altered mental status, and aseptic meningitis.9,40 In contrast with patients
with acute COVID-19, rhinorrhea and cough are only seen in 13% and 7% of patients,
respectively.44

TheACRhas issuedguidelines for a tiereddiagnostic evaluation ofMIS-C (Table 3).26

Hospitalization is recommended for patientswithpotentialMIS-C, becausepatients are
at risk for rapid evolution to severe illness. Hypotension, driven by either decreased LV
function and/or vasodilatory shock, can require urgent intervention.8,32

Differential diagnosis
A broad differential, including infection and malignancy, should be entertained when
considering MIS-C, because many features are nonspecific and overlap with sepsis.26

Patients with MIS-C may have superimposed bacterial infections and should be
covered empirically with antibiotics when indicated clinically.6

The presentation of MIS-C has similarities to other inflammatory conditions including
Kawasaki disease, toxic shock syndrome, and macrophage activation syndrome.
Among patients with Kawasaki-like features, 26% experienced shock, which is much
higher than the 5% typically seen in US patients who present with Kawasaki disease
shock syndrome.47 A British study compared pediatric patientswithMIS-Cwith patients
with Kawasaki diseasewith orwithout shock, and toxic shock syndrome.48 Patientswith
MIS-Cwere older (median age, 9.0 years vs 2.7 years), hadmore hematologic abnormal-
ities, andhigherelevations inCRP, troponin, and fibrinogencomparedwith thosewithKa-
wasaki disease.Comparedwithpatientswith toxic shock syndrome,patientswithMIS-C
were older with more profound anemia and higher CRP and alanine aminotransferase
levels. Both patientswithmacrophage activation syndrome andMIS-C have cytopenias,
hyperferritinemia, coagulopathy, and high soluble IL-2 receptor.49 However, increases in
ferritin, high soluble IL-2 receptor, IL-18, and CXCL9 are less marked in MIS-C as
compared with macrophage activation syndrome.49

Laboratory features
Inflammatory markers are elevated, including the erythrocyte sedimentation rate,
CRP, and ferritin.40 The median initial CRP is higher among patients requiring pediatric
intensive care unit admission and in those who develop organ dysfunction.5

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


Table 3
ACR guidelines for diagnostic evaluation of MIS-C

Patient Population Testing

Patients presenting with:
1. Fever
2. An epidemiologic link to SARS-CoV-2
3. AND clinical features of MIS-C:

gastrointestinal symptoms, neurologic
symptoms, and features of Kawasaki
disease

And without shock

Tier 1:
Complete blood cell count
Complete metabolic panel
ESR
CRP
SARS CoV-2 PCR and antibodies

Patients with concerning features on tier
1 testing:
Elevated inflammatory markers
(ESR �40 mm/h or CRP �5 mg/dL)

AND one other suggestive laboratory
feature (absolute lymphocyte
count <1000/mL, neutrophilia,
platelet count <150,000/mL, sodium
<135 mmol/L, hypoalbuminemia)

Tier 2:
B-type natriuretic peptide
Troponin T
Procalcitonin
Ferritin
Prothrombin
Partial thromboplastin time
D-Dimer
Fibrinogen
Lactate dehydrogenase
Urinalysis
Cytokine panel
Triglycerides
SARS-CoV-2 serologies (if not sent in

tier 1)
Electrocardiogram
Echocardiogram

Abbreviation: ESR, erythrocyte sedimentation rate.
Data from Henderson LA, Canna SW, Friedman KG, et al. American College of Rheumatology

Clinical Guidance for Pediatric Patients with Multisystem Inflammatory Syndrome in Children
(MIS-C) Associated with SARS-CoV-2 and Hyperinflammation in COVID-19. Version 2. Arthritis
Rheumatol. 2020.
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Lymphopenia is common (58%), and approximately 20% have neutrophilia, anemia,
or thrombocytopenia.40 A higher median initial white blood cell count and lower me-
dian initial platelet count were seen in patients who develop organ dysfunction.5 As
for cardiac markers, around 40% have elevated B-type natriuretic peptide and more
than 30% have high troponin.40 High B-type natriuretic peptide and troponin, and
low platelets and lymphocytes are associated with need for intensive care.43 Coagu-
lation studies commonly show elevations in D-dimer and fibrinogen. Cytokine levels
are typically elevated for IL-6, IL-10, soluble IL-2 receptor, and tumor necrosis
factor.26,49,50

After the initial evaluation, the erythrocyte sedimentation rate, CRP, B-type natri-
uretic peptide, and troponin T levels should be trended closely to monitor for develop-
ment of sometimes rapidly progressive cardiac involvement and ongoing
inflammation.26

Approximately 75% to 100% of patients have positive SARS-CoV-2 antibodies (IgG
or IgM), whereas reverse transcriptase polymerase chain reaction testing is more var-
iable, ranging from 13% to 69%.26,38 In 1 study, 7% had positive antibodies and
reverse transcriptase polymerase chain reaction test, whereas another 15% had
negative testing but had been exposed to family members who were positive.40



Case & Son806
Imaging
Reports of lung imaging abnormalities have varied, with a meta-analysis demon-
strating that 13.7% of patients with MIS-C had findings on radiographs or CT scans,40

which is less than in acute COVID-19. A recent study comparing severe acute COVID-
19 versus MIS-C in a single large cohort (n 5 1116) revealed similarities in rates of in-
filtrates on chest radiography, with 37% of acute severe COVID-19 versus 38%
of patients with MIS-C having the finding.8

Echocardiography can reveal a decreased LV ejection fraction and coronary artery
ectasia or aneurysm. Arrythmias have been reported, usually during the acute
illness,51 and ACR guidelines recommend obtaining electrocardiograms every
48 hours during hospitalization and at follow-up visits, with escalation to telemetry
and possible outpatient Holter monitoring for those with conduction abnormalities.26

Echocardiograms are likewise recommended at diagnosis and during subsequent
follow-up, including 1 to 2 weeks and 4 to 6 weeks after presentation at a minimum.26

A cardiac CT scan may be needed to identify distal coronary artery aneurysms not
seen on an echocardiogram. Cardiac MRI may be indicated for those with significant
or persistent LV dysfunction.26

Treatment

The ACR guidelines for treatment of MIS-C recommend26 intravenous immunoglob-
ulin (IVIG, 2 g/kg per ideal body weight), which may need to be administered slowly
for those with abnormal cardiac function and/or volume overload. For those with
moderate to severe symptoms, IVIG with GC is the first tier of therapy.26 GC can
also be given for refractory disease at low-to-moderate doses of 1 to 2 mg/kg/d,
with a taper over 2 to 3 weeks. For patients refractory to first-line therapy, pulse
doses of methylprednisolone (10–30 mg/kg/dose) and/or anakinra can be consid-
ered. Observational studies have suggested that giving IVIG and GC together was
superior to IVIG alone in regard to the resolution of fever within 2 days, need for
second-line therapy or hemodynamic support, acute LV dysfunction after the initial
therapy, duration of intensive care unit stay,52 and time to improvement of cardiac
function.53

Antiplatelet therapy and anticoagulation may be indicated for patients with MIS-C.26

The ACR recommends low-dose aspirin of 3 to 5 mg/kg/d up to a maximum dose of
81 mg in those with features of Kawasaki disease, coronary artery aneurysm, or
thrombocytosis. Anticoagulation should be started for patients with coronary artery
aneurysm with a z-score of more than 10, and considered for those with LV ejection
fraction of less than 35%. If vasopressor agents are required, epinephrine followed
by norepinephrine is recommended; dobutamine may also be effective for those
with severe myocardial dysfunction.6

Short-term outcomes and complications
The median hospital stay for patients with MIS-C is 7.9 � 0.6 days.44 A study early in
the pandemic noted that 80% of patients required intensive care unit admission.33 In a
systematic review of 505 cases, more than one-half of patients (57%) required vaso-
pressor agents, 26% required mechanical ventilation, and 5% required extracorporeal
membrane oxygenation.54 Nearly 12% had acute kidney injury. Thromboses were
rare, in only 3.5% of patients, but this finding was in the setting of more than one-
half of patients receiving anticoagulation.
The cardiovascular burden in MIS-C is significant. In a European cohort study, the

most common findings in MIS-C included shock, arrhythmias, pericardial effusion,
and coronary artery aneurysm.32 More than one-half of the patients had a depressed
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LV ejection fraction and the majority had high troponin. A recent CDC report found that
elevated CRP, ferritin, d-Dimer, and markers of cardiac injury (troponin, B-type natri-
uretic peptide, and pro B-type natriuretic peptide) were associated with decreased
cardiac function in a cohort of more than 1000 children with MIS-C.43 Rates of coro-
nary artery abnormalities have ranged from 13%8 to almost 19%.41 The majority of an-
eurysms reported to date have been small with z scores of 2.5 to 5.0 or greater,8,32,33

with very few giant aneurysms reported.48 First-degree atrioventricular block has also
been noted in approximately 20% of patients with MIS-C in several small retrospective
cohort studies,51,55 and can progress to second- or third-degree atrioventricular
block.51 Short-term follow-up has not been studied extensively yet, but Feldstein
and colleagues8 reported that decreased LV systolic function resolved in 91% (156
of 172 patients), as did the coronary artery aneurysms in 79% (45 of 57 patients) at
30 days of follow-up. An example of cardiac dysfunction on echocardiogram and first
degree atrioventricular block on electrocardiogram are shown in Fig. 2.
There are reports of venous thromboembolism in 6.5% of patients with MIS-C,

compared with 2.1% with symptomatic and 0.7% of asymptomatic COVID-19
cases.14 This finding is thought to be related to abnormalities in the coagulation
Fig. 2. Cardiac dysfunction in MIS-C. (A) Short axis view of the bilateral ventricles. (B) Para-
sternal short axis showing the aortic valve and coronary aneurysms of the left main coronary
artery and proximal left anterior descending artery. (C) Electrocardiogram with first-degree
atrioventricular block and a PR interval of 280 ms. (Courtesy of Audrey Dionne)



Case & Son808
cascade. Risk factors include age greater than 12 years, cancer, and central venous
catheters.14

Outcomes and Long-Term Recommendations

Studies are needed on the long-term outcomes and recommendations for monitoring
for patients with a history of MIS-C. Patients should be followed by rheumatology, in-
fectious disease, cardiology, hematology, and other subspecialties as needed based
on disease manifestations.

FUTURE DIRECTIONS

In May of 2020, the CDC definition of MIS-C was made deliberately broad to capture
all cases of a newly emergent syndrome as well as the spectrum of illness in MIS-C.
However, the definition likely needs to be refined and narrowed. Increasing seropreva-
lence to SARS CoV-2 owing to natural infection in addition to vaccination will also
complicate the ability to make the diagnosis going forward. Last, the cause of the
disproportionate burden of MIS-C in Black and Hispanic children and adolescents re-
quires further investigation.

SUMMARY AND DISCUSSION

The manifestations of COVID-19 are typically milder in children than adults, although
severe cases can occur in otherwise healthy children and more commonly in those
with underlying conditions. MIS-C is a postinfectious hyperinflammatory syndrome
occurring weeks after SARS-CoV-2 exposure that has distinct clinical features
including gastrointestinal, mucocutaneous, and cardiac symptoms, and is character-
ized by high levels of inflammation. More data is needed to define optimal treatments
of both pediatric COVID-19 and MIS-C, as well as long-term outcomes.

CLINICS CARE POINTS

� COVID-19 infection in children can be mild or asymptomatic. Patients at a greater risk for
severe disease or complications include children under 1 year of age, as well as those with
obesity, other chronic conditions and Black or Hispanic race/ethnicity.

� Consider MIS-C in patients with previous COVID-19 or exposure who present with fever, high
levels of inflammation, and gastrointestinal, mucocutaneous, and cardiovascular symptoms.

� The criteria for MIS-C are broad. Alternative and comorbid diagnoses should be considered,
including hyperinflammatory response to acute COVID-19, toxic shock syndrome and other
bacterial infections, autoimmune disease, and malignancy.
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