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Abstract

Purpose of Review: To review diagnosis, clinical characteristics and treatment of Multisystem
Inflammatory Syndrome in Children (MIS-C) associated with SARS-CoV-2.

Recent findings: MIS-C emerged in spring 2020 as a hyperinflammatory syndrome following
SARS-CoV-2 exposure in children. Despite growing awareness of MIS-C, diagnosis remains
challenging due to the range of phenotypes and severity. Fever accompanied by shock, cardiac
dysfunction, gastrointestinal symptoms, or mucocutaneous signs suggestive of Kawasaki disease
(KD), especially in the presence of known or suspected COVID-19 exposure, should trigger
consideration of MIS-C. However, clinical presentations are highly varied, and may overlap with
other infectious diseases. Clinicians must maintain a high index of suspicion for MIS-C and

be aware that patients may develop coronary artery aneurysms and myocarditis even with few

or no KD symptoms. More precise diagnostic criteria and specific biomarkers are needed to

aid diagnosis. IVIG is first-line therapy, and steroids should be considered as initial adjunctive
treatment for patients with severe manifestations or other risk factors. Prompt treatment is
essential, as patients may worsen acutely, though overall prognosis is reassuring.

Summary: MIS-C associated with SARS-CoV-2 has varied clinical manifestations. Clinicians
must be aware of the common presentation and potential for decompensation and cardiac sequalae
to guide appropriate evaluation and treatment.
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Introduction

Multisystem Inflammatory Syndrome in Children (MIS-C) is one of the most concerning
manifestations of SARS-CoV-2 infection in children. Despite increasing awareness of MIS-
C, diagnosis remains challenging due to the shared symptomatology with acute COVID-19
and other febrile illnesses of childhood coupled with the lack of specific biomarkers for
MIS-C. Given the risk of cardiovascular sequalae and progression to multisystem organ
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involvement and death, prompt recognition and treatment of MIS-C is essential. In this
review, we discuss the emergence, clinical manifestations, and treatment of MIS-C.

Emergence of MIS-C

During the first months of the COVID-19 pandemic, reports of SARS-CoV-2 infection in
children were reassuring, with low infection rates and few severe cases [1]. However, in late
April 2020, alarming reports came from the United Kingdom of children presenting with
hyperinflammatory shock and features of Kawasaki disease (KD) suspected to be related to
SARS-CoV-2 exposure. Eventually, this entity would become known as MIS-C [2-3*]. In
the first series describing this syndrome, 5 of 8 children required mechanical ventilation, one
developed a giant coronary aneurysm, and one died, highlighting the critical nature of MIS-
C [3*]. All patients had positive SARS-CoV-2 serologies. An early case series from northern
Italy, a European epicenter of COVID-19, reported a 30-fold increase in KD cases during
2020 compared to the 5 years preceding the COVID-19 pandemic [4*]. These children also
presented with severe disease, with unusually high rates of macrophage activation syndrome
and KD Shock Syndrome compared to KD in the pre-pandemic era. Eighty percent of
children in the Italian study were seropositive for SARS-CoV-2, strengthening the presumed
association with prior COVID-19 infection.

Additional studies from Europe and New York followed, with similarly high rates of shock
and SARS-CoV-2 antibody positivity [5,6*,7]. As MIS-C gained recognition, subsequent
reports characterized a spectrum of disease severity, ranging from fever and systemic
inflammation to critical illness [8,9*,10].

Case Definitions

Despite growing recognition, MIS-C is difficult to define. The Royal College of Paediatrics,
Centers for Disease Control (CDC) and World Health Organization (WHO) criteria are
presented in Table 1 [11-13]. These case definitions were developed to expedite reporting
of MIS-C to local health authorities, and thus are intentionally broad. Further, all were
developed based on early reports which overrepresent children with the most severe
phenotypes, and therefore may miss milder MIS-C. They are not validated for clinical
diagnostic purposes, and may capture other febrile diseases. Given the differences in case
definitions, studies that utilize different inclusion criteria are not necessarily comparable.

Epidemiology

Cases of MIS-C peak 2—-6 weeks after highest community incidence of SARS-CoV-2
infections. In series with data on MIS-C patients’ antecedent SARS-CoV-2 infections, MIS-
C occurred a median of 21-25 days following initial respiratory symptoms [6*,9*]. Male
predominance is reported in a majority of studies. Most children are previously healthy,
though asthma and obesity are common [6*,9*]. Though initially described as a pediatric
syndrome, nearly identical clinical presentations are reported in adults in increasing numbers
[14*].
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Despite high rates of SARS-CoV-2 infections in China early in the pandemic, very few cases
of MIS-C have been reported in east Asia. A review of KD cases from Tokyo showed no
increase in the prevalence of KD after the start of the COVID-19 pandemic, nor in rates of
myocardial dysfunction [15]. However, in recent months, MIS-C cases have been observed
in multiple other regions around the world, including Iran, India, South Korea, South Africa,
and Latin America [16—20]. The rarity of MIS-C in east Asia is not fully understood, with
some theories suggesting that differences in the immunogenicity of SARS-CoV-2 variants or
host-related factors may explain this observation.

Racial/Ethnic Disparities

As early as the first U.K. series, racial and ethnicity disparities in the incidence of MIS-C
have been apparent [3]. Subsequent reports consistently demonstrate disproportionate rates
of MIS-C in Black and Hispanic children. In the USA, 63% of MIS-C cases reported

by the CDC were in Black or Hispanic children [21]. In New York, Black and Hispanic
children were hospitalized with both acute COVID-19 and MIS-C at higher rates than
White and Asian children (Figure 1) [22]. It is difficult to determine if there is an

additional preponderance of MIS-C cases beyond the disproportionately elevated risk of
acute COVID-19 in Black and Hispanic communities. A large series evaluating MIS-C and
pediatric acute COVID-19 found that children with MIS-C were more likely to be Black
compared to non-Hispanic White children [23*]. The reason for this increased MIS-C risk
in Black children is not fully understood. Access to care for acute COVID-19 among Black
children may play a role, as the reported rate of COVID-19 hospitalizations, though elevated
for Black adults, underestimates the even larger disparity in the number of COVID-19

cases treated at home [24-25]. This situation may be exacerbated by lack of testing in
predominantly Black communities, which leads to inaccurate data on COVID-19 community
prevalence [26]. Socioeconomic status has been shown to be associated with pediatric

acute COVID-19 infection, suggesting that risk factors such as parental occupation, public
transportation use and crowding may be mediators of these disparities [27].

Clinical Characteristics of MIS-C

Cardiac

While fever is universal, other clinical features of MIS-C vary, with some children
presenting in fulminant shock while others may fulfill incomplete or complete KD criteria.
Per CDC criteria, hospitalization is required, and most children in early series were admitted
to the intensive care unit for vasopressor or respiratory support. However, other studies have
reported children with only fever and systemic inflammation without end organ involvement,
highlighting the broad spectrum of disease [8,10].

Myocarditis is one of the most alarming manifestations of MIS-C. While similar to KD
shock syndrome, ventricular dysfunction occurs at higher rates in MIS-C, ranging from
34% to 62% in large series [6*, 8,9*,10, 28]. Patients frequently present with elevated
markers of cardiac injury including troponin T, B-type natriuretic peptide (BNP), and
N-terminal-proBNP [3*,6*,8,9*,10]. Many require vasopressor support, including some
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children with normal ventricular function, suggesting vasodilatory shock. Reassuringly, most
patients recover ventricular function during hospitalization [29,30], though some progress to
profound myocardial dysfunction requiring extra corporal membrane oxygenation (ECMO)
[7], and several children have died.

Coronary artery aneurysms (CAA) or dilation are reported in variable proportions of patients
within the acute period; large cohorts report CAAs (z score >2.5) in around 13% [4*,5,6*,7—
8,9*, 23*]. Unlike myocarditis, CAAs do not appear correlated with degree of systemic
inflammation [6*]. Most aneurysms in series reporting dimensions are small, though large
or giant aneurysms are also reported [3*,6*,8,28]. Some patients developed CAAs following
the acute phase of illness, indicating a need for continued echocardiogram monitoring during
convalescence [29,31]. While long term data on CAAs in MIS-C are limited, one study
reported resolution in over 90% of patients by 30 days [23*].

EKG abnormalities and cardiac arrhythmias, particularly first-degree heart block, are
reported in over half of MIS-C patients [30]. Rarely, progression to higher grade heart
block is observed; one child had refractory arrythmias necessitating ECMO [3*,32]. IlIness
severity appears to be associated with atrioventricular (AV) block; in one series, all patients
with AV block were admitted to the ICU and had decreased ventricular function [30].
Monitoring EKGs in hospitalized patients every 48 hours for development of arrhythmias
is recommended [31]. Long-term cardiac sequalae of myocarditis remains an area of active
concern and investigation, and patients require ongoing cardiology follow-up [29].

Gastrointestinal

Gastrointestinal symptoms are reported in the majority of patients with MIS-C and may

be the most common manifestation [9*]. Most children have abdominal pain; diarrhea

and vomiting are also common [6*,8,28]. Abdominal pain is often severe and may be
mistaken for acute appendicitis or testicular torsion [33-36]. In one report, a child with
fever and right lower quadrant abdominal pain who underwent appendectomy subsequently
developed shock with positive SARS-CoV-2 serologies. Pathology was atypical for acute
bacterial appendicitis, with necrotizing lymphadenitis and vasculitis, suggesting MIS-C as
the etiology [36]. Abdominal imaging may reveal ascites, adenopathy, and inflammation

of the gallbladder or bowel; rarely, bowel wall thickening is profound enough to cause
obstruction [6*, 33—-34].

Mucocutaneous

KD-like mucocutaneous symptoms are described in multiple large cohorts, most commonly
rash (52-63%), conjunctivitis (39-56%), oral mucosa changes (22-42%), and less often
hand or foot swelling (9-37%), though some children have no KD features [6*, 8-9*,

23]. Large cervical lymph nodes appear less common (6-10%), though few series confirm
node size [6*, 9*]. KD-like presentations appear more common in younger children, and
myocarditis is more prevalent in older children and teenagers [6*]. Importantly, children
with MIS-C who lack the mucocutaneous stigmata of KD have developed CAAs [8].
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Hematologic

Markedly elevated D-dimer levels are common in MIS-C and tend to be higher than in
pediatric COVID-19 [37]. Due to the risk of thrombosis in adults with acute COVID-19,
there is concern that coagulation abnormalities may confer increased clot risk in MIS-C.
While one large series reported deep vein thrombosis or pulmonary embolism in 7% of
adolescent patients with MIS-C [9*], other studies report lower rates, including one meta-
analysis demonstrating deep vein thrombosis or pulmonary embolus in only 3.5% of patients
[38]. It remains unclear if there is an increased risk of thrombosis in MIS-C compared to
other pediatric conditions that require intensive care, immobilization, and central venous
access. One study showed schistocytes on peripheral blood smear in all MIS-C patients

and elevated soluble sC5b-9, suggesting complement activation leading to microangiopathy
[39]. This study also showed evidence of endothelial dysfunction in mild acute COVID-19,
indicating that this may be a feature of SARS-CoV-2 infection, and not specific to MIS-C.

Neurologic

Headache is common, especially in adolescents. Altered mental status, encephalopathy,
weakness, and areflexia are less frequently reported. In a series of 1695 children
combining MIS-C and acute COVID, 12% were found to have life-threatening neurologic
manifestations including encephalopathy, stroke, and acute cerebral edema; 0.6% died from
these complications [40]. Meningismus is also reported, though few children underwent
lumbar puncture; in these patients, aseptic meningitis was confirmed with sterile CSF
pleocytosis, absent oligoclonal bands and negative SARS-CoV-2 PCR [41-42]. Four
children with new neurologic symptoms had MRI signal abnormalities in the corpus
collosum; all recovered [42]. Most strokes in MIS-C occurred in patients with other risk
factors such as ECMO, bacterial co-infections (Lemierre, mastoiditis), or predisposing
conditions (sickle cell). However, strokes are also reported in a small number of previously
healthy children [40, 43-44].

Other Organ Systems

The largest MIS-C series to date reports lower respiratory tract involvement in over 40%

of patients [23*]. Fifty-two percent of patients with MIS-C were PCR positive, higher

than many studies, which may suggest that patients with acute COVID-19 were included

in the MIS-C group. Series with lower PCR positivity have reported a relative lack of
pulmonary involvement [3*,4-5,6*,8,9*,23*]. The cause of respiratory symptoms in MIS-C
may be multifactorial and due to lingering effects of acute COVID-19 pneumonia, direct
lung involvement from MIS-C, or from therapies such as fluid resuscitation. Less common
symptoms of MIS-C include acute kidney injury, pancreatitis, and arthritis and arthralgia
[9*, 45-46].

Differential diagnosis

Clinical features of MIS-C are observed in many other childhood febrile ilinesses, making
the diagnosis of MIS-C challenging, and it is essential to rule out other infectious and
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oncologic causes. Empiric treatment for MIS-C while other studies are pending is often
necessary in critically ill children. However, clinicians must be vigilant in considering other
causes of fever, even in the setting of positive SARS-CoV-2 serologies or PCR, as children
initially thought to have features consistent with MIS-C were later found to bacterial or viral
infections, notably toxic shock syndrome and bacterial enteritis [47-48].

Lab Findings

Systemic inflammation is required by all case definitions of MIS-C, and found in
essentially all reported cases in the literature. Laboratory features include elevated CRP,
procalcitonin, ferritin, D-dimer, lactate dehydrogenase, fibrinogen and liver function tests
[6*,8,9*]. Neutrophilia with an accompanying lymphopenia and thrombocytopenia is
common [3*,4*5,6*,7-8,9*,10,23*]. The majority (80-100%) of patients are SARS-CoV-2
antibody positive [4*,5,6*,8,9*]. Fewer children (20-39%) have positive nasopharyngeal
PCR testing, but cycle thresholds are higher in MIS-C than in acute COVID-19, indicating
the detected virus may not be replicating [4*,6*, 8,9%, 49].

Treatment

Children with MIS-C require multidisciplinary care from providers with expertise in
rheumatology, cardiology, hematology and infectious disease. Given the multi-organ
involvement of MIS-C, other subspecialists may be needed, and severely ill children
will require admission to intensive care units. In this section, the focus will be on
immunomodulatory treatment and anticoagulant use in MIS-C.

As MIS-C emerged, initial treatments were based on the similarity of MIS-C to KD and
toxic shock syndrome. Intravenous immunoglobulin (IVIG) is used to prevent CAAs in KD
and for immunomodulation in toxic shock [50]. Similarly, glucocorticoids are used in KD
shock and refractory KD [51]. Glucocorticoids and IVIG are used in myocarditis, though
evidence for these is mixed. By summer 2020, the RECOVERY trial demonstrated benefit of
dexamethasone in patients hospitalized acute COVID-19, increasing clinician comfort with
this approach [52].

IVIG and glucocorticoids remain the most common treatments for MIS-C, with a recent
multicenter report indicating that 77% of patients with MIS-C received IVIG and 69%
were treated with systemic steroids [23*]. Similarly, a survey of physicians treating MIS-C
reported that IVIG was the most common immunomodulator, though glucocorticoids were
preferred for those with severe presentations or IVIG non-responders, and anakinra (58%),
infliximab (28%) and tocilizumab (8%) were also used [53].

Consensus treatment guidelines from the American College of Rheumatology (ACR) and
the PIMS-TS National Consensus Management Study Group (UK) are presented in Table 2
[30,54*,55*]. Both the ACR and UK guidelines recommend IVIG at a dose of 2 gm/kg

as first-line treatment; however, ACR advises against the use of a 2"d dose of IVIG

for refractory disease. Adjunctive first-line glucocorticoids are recommended by ACR in
patients with organ-threating disease, while their use is limited to children under 12 months
of age or those with CAAs by UK guidelines.
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At the time of this review, no randomized trials exist to guide clinicians on the most
effective MIS-C therapies. One study used propensity scoring to retrospectively compare
initial treatment with 1\VVIG alone versus IVIG plus methylprednisolone (1.6-2 mg/kg/day
in most) and concluded that in addition to lower rates of treatment failure (defined as
persistent or recurrent fever), those treated with glucocorticoids had reduced duration of
ICU admission, need for hemodynamic support, and less ventricular dysfunction [56*].
Steroids as adjunctive therapy also showed benefit over IVIG alone in one observational
study measuring time to cardiac recovery [57]. At one center, instituting a clinical pathway
which led to faster IVIG and glucocorticoid administration was shown to reduce overall
and ICU length of stay [58]. In total, these studies suggest a benefit for rapid initiation of
treatment and adjunctive steroids as part of first-line treatment in MIS-C.

One of the most pressing clinical questions is the need for anticoagulation in children with
MIS-C. As discussed above, although D-dimers are markedly elevated in MIS-C, the true
risk for thrombosis in these patients remains uncertain. Based on experience with KD, there
is broad agreement that low dose aspirin should be provided to MIS-C patients without
significant bleeding risk [50]. Similarly, there is general consensus that anticoagulants
should be used in patients with severely decreased ejection fraction, large or giant CAAs,

or evidence of clot, as aligned with prior clinical practice [30,54*,55*]. Clinicians should
consider prophylactic anticoagulation as would be indicated for degree of critical illness,
immobility, and glucocorticoid use. Due to the lack of evidence for universal anticoagulation
beyond these indications, treatment based on laboratory evidence of hypercoagulability
should be individualized according to patient risk factors. This topic remains controversial,
and some guidelines suggest more aggressive anticoagulation based on D-dimer levels,
including prophylaxis for all children with D-dimer >5 times the upper limit of normal [59].

Controversies and Questions

Many controversies and questions remain in the diagnosis and treatment of MIS-C. Since its
emergence, MIS-C and KD have been compared; however, the relationship between these
two syndromes remains unclear. Possibilities include that MIS-C is a particularly severe
variant of KD, a subset of MIS-C patients have KD, or the two entities should be considered
as different etiologies entirely. Age appears to impact the presentation of MIS-C with higher
rates of young children meeting KD clinical criteria, while adolescents more frequently
present with myocarditis [6*,60]. Thus, future studies may need to stratify patients by age.
While the relationship between these diseases has yet to be fully elucidated, clinicians must
approach management decisions with a clear understanding of the differences between MIS-
C and pre-pandemic KD. MIS-C patients are at much greater risk of rapid decompensation
and developing shock. Further, CAAs have occurred in MIS-C patients who have not met
KD clinical criteria. Relatedly, multisystem inflammatory syndrome in adults (MIS-A) is
increasingly reported, yet likely remains underrecognized, as older patients have fewer
characteristic mucocutaneous features [14*]. Clinicians must maintain a high degree of
suspicion for this entity in teenagers and young adults who present with unexplained fever,
particularly in the presence of confirmed or suspected COVID-19 exposure in the prior 1-2
months.
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Conclusion

Despite advances in our understanding of MIS-C, this disease remains a diagnostic
challenge due to the broad range of phenotypes and severity. Fever accompanied by shock,
cardiac dysfunction, abdominal pain, or mucocutaneous signs in the presence of known or
suspected COVID-19 exposure should trigger prompt evaluation. However, clinicians must
be aware that patients may develop severe cardiac and other sequalae even with few or no
KD symptoms. More precise diagnostic criteria and specific biomarkers are needed to aid
diagnosis, especially as SARS-COV-2 antibody prevalence increases. Prompt treatment is
essential, as patients may worsen acutely, though overall prognosis is reassuring. IVIG is
first-line therapy, and steroids should be considered as initial adjunctive treatment, especially
for patients with severe manifestations or other risk factors. Optimal anticoagulation remains
controversial. Multidisciplinary involvement is essential to quality clinical care, and to
optimize diagnostic and therapeutic approaches as new data emerge.
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Key Points:

Reliably identifying MIS-C remains difficult given the wide spectrum of
phenotypes found in affected patients and similarity between MIS-C and
other childhood febrile conditions.

Validated diagnostic criteria that can be used in the clinical setting are lacking
and need to be developed.

The relationship between pre-pandemic KD and MIS-C remains unclear
and while there are similarities in clinical features, patient with MIS-C
may develop CAAs and cardiac dysfunction with few or no mucocutaneous
features of KD.

While there are no prospective studies comparing treatment approaches
in MIS-C, there is evidence to suggest that rapid initiation of IVIG and
glucocorticoids is beneficial.

Multisystem inflammatory syndrome associated with SARS-CoV-2 also
occurs in adults (MIS-A) and is likely underrecognized.
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Figure 1. Racial and Ethnic Distribution of Cases
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* Data from Centers for Disease Control and Prevention. Health Department-Reported
Cases of Multisystem Inflammatory Syndrome in Children (MIS-C) in the United States
https://www.cdc.gov/mis-c/cases/index.html and Lee, E. H., Kepler, K. L., Geevarughese,
A., Paneth-Pollak, R., Dorsinville, M. S., Ngai, S., & Reilly, K. H. (2020). Race/Ethnicity
Among Children With COVID-19-Associated Multisystem Inflammatory Syndrome. JAMA

Netw Open
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Royal College of Paediatrics and
Child Health1!

Centersfor Disease Control12

World Health Organization!3

Fever Persistent fever >38.5°C Fever >38.0°C for 224 hours, or report Fever > 3 days
of subjective fever lasting 224 hours
Evidence of SARS-CoV-2 PCR testing may be Positive for current or recent SARS- Evidence of COVID-19 (RT-PCR,
SARS-CoVv2 positive or negative CoV-2 infection by RT-PCR, serology, antigen test or serology positive), or
Infection or or antigen test; or COVID-19 exposure likely contact with a person with
Exposure within the 4 weeks prior to the onset of COVID-19
symptoms
Clinical Inflammation (neutrophilia, Laboratory evidence of inflammation Elevated markers of inflammation
Features elevated CRP and lymphopenia) AND AND
AND Multisystem (>2) organ involvement Two of the following:
evidence of single or multi- (cardiac, renal, respiratory, hematologic, Rash/ mucocutaneous signs;
organ dysfunction (shock, cardiac, | gastrointestinal, dermatologic or Hypotension or shock; Features of
respiratory, renal, gastrointestinal, neurological) myocardial dysfunction, pericarditis,
or neurological disorder) with valvulitis, or coronary abnormalities;
additional features Coagulopathy;
Acute gastrointestinal problems
Alternative Exclusion of any other microbial No alternative plausible diagnoses No other obvious microbial cause of
Diagnoses cause inflammation
Level of Care Not specified Hospitalization required Not specified
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