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Abstract

Multisystem inflammatory syndrome (MIS-C) is a pediatric hyperinflammation disorder caused by severe acute respira-
tory syndrome coronavirus-2 (SARS-CoV-2). It has now been reported from several countries the world over. Some of the
clinical manifestations of MIS-C mimic Kawasaki disease (KD) shock syndrome. MIS-C develops 4—6 weeks following
SARS-CoV-2 infection, and is presumably initiated by adaptive immune response. Though it has multisystem involvement,
it is the cardiovascular manifestations that are most prominent. High titres of anti-SARS-CoV-2 antibodies are seen in these
patients. As this is a new disease entity, its immunopathogenesis is not fully elucidated. Whether it has some overlap with KD
is still unclear. Current treatment guidelines recommend use of intravenous immunoglobulin and high-dose corticosteroids
as first-line treatment. Mortality rates of MIS-C are lower compared to adult forms of severe COVID-19 disease.

Keywords Multisystem inflammatory syndrome (MIS-C) - Kawasaki disease (KD) - Hyperinflammation - Coronavirus
disease 2019 - Kawasaki-like disease

Background
Kawasaki disease (KD) is a medium vessel vasculitis of
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The first report of severe acute respiratory syndrome cor-
onavirus-2 (SARS-CoV-2) emanated from Wuhan, China
in November 2019. It then spread rapidly around the world.
In April 2020, Verdoni et al. reported a 30 times increase
in incidence of KD from Bergamo, Italy since the onset of
this pandemic [7]. Further, the authors also noted increased
disease severity in patients with KD during this period.
There has also been a noticeable increase in incidence of
‘Kawasaki-like illness’ in association with Coronavirus dis-
ease 2019 (COVID-19) pandemic [7-11]. Confirmation of
infection with COVID-19 in these reports has been through
serology and/or RT-PCR.

Exposure of children to SARS-CoV-2 has been reported
to result in development of Multisystem Inflammatory Syn-
drome (MIS-C) in some of them. This syndrome mimics KD
[12, 13]. Several terminologies have been used to describe
this condition. These include Kawasaki-like syndrome
(KLS), atypical Kawasaki disease, incomplete Kawasaki dis-
ease, SARS-CoV-2-induced Kawasaki-like Hyper-inflamma-
tory Syndrome (SCiKH Syndrome) and Kawa-COVID-19
[8, 14]. While the Centers for Disease Control and Preven-
tion (CDC), United States (US) has termed this presentation
as MIS-C, the World Health Organization and the Royal
College of Pediatrics and Child Health have used other ter-
minologies (Table 1) [15-17]. In this review, we shall refer
to this condition as MIS-C.

MIS-C and KD, however, differ in several clinical fea-
tures. Gastrointestinal complications, shock and coagu-
lopathy are more common in patients with MIS-C, but are
unusual in classic KD. Classic KD is common in North East
Asian countries, whereas MIS-C has been reported more
commonly in patients of African, Hispanic or Latino eth-
nicity. KD is common in children below 5 years, whereas
MIS-C is more common in older children [15].

However, it is unclear whether the immunological mech-
anisms behind hyperinflammation of MIS-C are the same
as that in adults with COVID-19. Cytokine storm induced
hyperinflammation in adult COVID-19 is usually seen
within 2 weeks, whereas MIS-C has been more commonly
reported after 2 weeks of SARS-CoV-2 infection.

In view of different terminologies and varying descrip-
tions, there is considerable confusion amongst clinicians
regarding these syndromes. In this narrative review, we dis-
cuss the COVID-19-related syndromes that have emerged,
especially in children.

Methods

In this review, we discuss various aspects of human corona-
virus infections in children including epidemiology and the
immuno-pathological mechanisms underlying MIS-C. We
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have also compared immune responses to SARS-CoV-2 in
children with that in adults.

Search strategy

Objective of this narrative review is to discuss the immuno-
logical mechanisms, clinical features and treatment of severe
COVID-19 disease and MIS-C [18]. A literature search
through Medline/Pubmed, Scopus and Embase on COVID-
19 disease in children, multisystem inflammatory syndrome
in children and Kawasaki disease was carried out for the
period 01 December, 2019—31 August, 2020. We have used
following key words for the literature search: ‘Coronavirus
disease-19’, ‘COVID-19’, ‘human coronaviruses’, ‘chil-
dren’, ‘severe acute respiratory syndrome coronavirus-2’,
‘SARS-CoV-2’, ‘Kawasaki disease’, ‘Kawasaki disease
shock syndrome’, ‘Kawasaki shock syndrome’, “Kawasaki-
like disease”, and ‘Kawasaki like syndrome’, ‘SARS-CoV-
2-induced Kawasaki-like Hyper-inflammatory Syndrome’,
‘SCiKH Syndrome’, ‘Kawa-COVID-19’, ‘Multisystem
Inflammatory Syndrome’, ‘MIS-C’, ‘Multisystem inflam-
matory disorder in children and adolescents’, ‘Pediatric
inflammatory multisystem syndrome temporally associated
with SARS-CoV-2’, and ‘PIMS-TS’. We included original
studies, reviews, view points, commentaries, case series and
case reports which were relevant to our objectives. Reports
published in languages other than English were excluded
(Supplementary figure-1). Finally, the information was syn-
thesized in a logical sequence with expert inputs from the
senior authors.

Epidemiology of human coronaviruses
in children

Human coronavirus (HCoV) in children
with respiratory infections

Young children (especially those below the age of 3 years)
as well as older individuals (above the age of 50 years) are
considered to be high-risk groups for HCoV infections. Sev-
eral studies have identified HCoV in respiratory tract speci-
mens in children. Esper et al. reported that 8.8% of children
hospitalized in the United States with respiratory infections
were positive for HCoV [19]. Dijkman et al. have reported
that HCoV was positive in 14% of hospitalized children aged
below 2 years [20]. Majority of these infections were due to
HCoV-0OC43 and HCoV-NL63 strains. Similarly, seropreva-
lence data have also suggested that HCoV-OC43 and HCoV-
NL63 are more common in infants [20]. It has also been
suggested that infection by one HCoV strain may confer
protection against other coronaviruses [20]. However, stud-
ies from China, Hong Kong, Australia, Brazil and Greece
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reported seroprevalence rates of HCoV to be less than 5%
amongst children with upper respiratory tract infections
[21-24]. In addition, it was also noted that influenza virus
is the most common co-infection of HCoV [21]. Overall,
however, seasonal HCoV may be responsible for 5-14% of
respiratory infections in children.

COVID-19

Coronavirus disease (COVID-19) is an infectious disease
caused by a newly discovered coronavirus SARS-CoV-2,
which is a member of Betacoronavirus family. SARS-CoV-2
infection is largely asymptomatic in most individuals. Some
patients may develop mild-to-moderate respiratory symp-
toms. A minority of patients develop severe disease. This
is more likely in elderly patients and in patients with co-
morbidities such as diabetes and cardiovascular disease.
Transmission of SARS-CoV-2 occurs through inhalation of
respiratory droplets from an infected person and/or contact
with surfaces contaminated with virus. It has been shown
that transmissibility of SARS-CoV-2 is higher when com-
pared to other coronaviruses such as SARS-CoV (2002) and
Middle East Respiratory Syndrome (MERS).

Phenotypes of COVID-19 infection observed
in children and differences from adult disease

SARS-CoV-2 enters the host cell through binding of its spike
(S) protein to the ACE2 receptor. This entry is facilitated by
priming of S-protein through proteases (e.g., TMPRSS2)
[25]. Recent studies have shown that adults have higher
expression of ACE2 and TMPRSS?2 on alveolar lining cells
as compared to children [26]. This explains why children
have a lower propensity to develop respiratory complications
after SARS-CoV-2.

During early days of COVID-19 pandemic, it was sug-
gested that children are not susceptible to COVID-19 infec-
tion. During the course of the ongoing pandemic, however,
it has become clear that children can also get COVID-19
infection albeit much less frequently.

Pediatric COVID-19 typically presents with mild symp-
toms such as cough, fever, sore throat and diarrhea. Lower
respiratory tract symptoms are usually less prominent in
children as compared to adults. Majority of children with
symptomatic COVID-19 have mild disease and progression
to acute respiratory distress syndrome (ARDS), which is a
hallmark of adult COVID-19 disease, is even less common.
Mortality associated with COVID-19 is also much lower
in children as compared to adults (<0.1% versus 5-15%).
Laboratory manifestations include leucopenia, lymphope-
nia, mild elevation in transaminases and elevated inflam-
matory markers (i.e., C-reactive protein and procalcitonin).
Computed tomography chest findings in children with severe
COVID-19 disease (such as ground glass opacities, consoli-
dation) are similar to adult COVID-19 disease (Tables 2, 3).

Although COVID-19 in children is usually mild, a rare
novel post-COVID syndrome known as MIS-C has emerged
in children and adolescents (Table 1). This shows close simi-
larity to other hyper-inflammatory syndromes in children
such as KD shock syndrome, toxic shock syndrome and
macrophage activation syndrome [27] (Table 3).

Clinical correlation of immune response in pediatric
COVID-19

Whether the milder clinical manifestations after SARS-
CoV-2 infection in children as compared to adults can be
ascribed to a more robust humoral immune response in the
former remains conjectural.

Children with mild COVID infection have been reported
to have increased number of IgG producing B cells as well
as lower levels of acute phase reactants such as C-reactive

Table 2 Comparison of immune

. R Parameter
alterations between pediatric

Pediatric COVID-19 Adult COVID-19

and adult COVID-19 ACE2 expression

Type I interferon
Lymphocytes

Cytotoxic T cells
Anti-SARS-CoV-2 antibodies
Neutrophil infiltration

Cytokine storm

Anti-inflammatory cytokine and regu-

latory T cells

Severe disease

Low levels High levels

Rapidly elevated upon infection Delayed response
Normal or high counts Decreased
Normal or high levels Decreased

High titres Relatively low titres
Low High

Not common Seen in patients with

moderate and severe

illness
High Low
1% 10-20%

ACE?2 angiotensin-converting enzyme, SARS-CoV-2 severe acute respiratory syndrome coronavirus-2
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protein (CRP) and IL-6 [28, 29]. Lymphocytopenia, on the
other hand, is more common in adult patients with severe
COVID-19 infection as compared to children [29-31].
Children with pneumonia in the setting of COVID-19 have
low levels of serum IgA and regulatory (CD4+4+CD25+) T
cells, increased levels of high sensitivity (hs)-CRP, IL-10
and procalcitonin [32]. This may, therefore, suggest that
dampened serum IgA and decreased circulating regulatory
T cells contribute to the deranged immune response against
SARS-CoV-2.

SARS-CoV-2 infection also causes chilblains, also known
as ‘COVID toes’. This has been reported in children and
young adults infected with COVID-19. It probably results
from vascular damage and necrosis of SARS-CoV-2-infected
endothelial cells resulting in ischemia. Inclusion viral parti-
cles were also noted in endothelial cells on electron micros-
copy in these patients, in addition to dense lymphocytic
infiltration with CD4 and CD8 T cells as well as B cells
[33]. IgA, IgM and C3 deposits too have been noted in some
cases [34, 35]. Antinuclear antibodies are positive in some
patients as well [36]. Pathological lesions seen in ‘COVID
toes’ mimic those of autoimmune-related chilblains [33, 34].

In summary, children with COVID-19 tend to have an
appropriate early innate and humoral immune response to
HCoV infections to clear the virus, followed by a less intense
late immune response in majority. This is in contrast to an
early-impaired immune response, followed by a late severe
immune-mediated inflammation in COVID-19 disease of
adults.

Treatment of pediatric COVID-19

Treatment of COVID-19 is largely supportive. Patients with
mild-to-moderate symptoms can be managed with home iso-
lation. Supportive therapy includes maintenance of adequate
hydration, appropriate calorie intake and psychosocial sup-
port. For fever, paracetamol is recommended. Patients hav-
ing severe symptoms require hospitalization and intensive
care. In addition to standard supportive therapy (i.e., oxygen
supplementation, maintenance of fluid and electrolyte bal-
ance and cardiovascular support), these patients are usually
put on broad-spectrum antimicrobials and antivirals (e.g.,
remdesivir and lopinavir/ritonavir). Few patients with severe
COVID-19 disease and ARDS may require immunomodu-
latory therapies for the putative hyper-inflammatory state.
These therapies include corticosteroids and biologics such
as tocilizumab and anakinra.

MIS-C

Definitions of this have been listed in Table 1.

Clinical features of multisystem inflammatory
syndrome in children (MIS-C)

Although initial data suggested that COVID-19 causes mild
disease in children [37, 38], several centers in Europe and
United States had identified a new hyper-inflammatory syn-
drome (HIS) associated with this infection [7, 11, 39, 40].
Many case definitions have been proposed for this condition
[16, 17, 41]. However, the features that are common to all
include the presence of fever, hyper-inflammatory state and
organ dysfunction (Table 1).

Fever is a universal feature in patients with MIS-C. Other
associated clinical findings include cutaneous manifesta-
tions, abdominal symptoms and cardiovascular collapse.
Typically, this entity is seen in older children (> 5 years)
and median age of patients in various studies has ranged
from 7.5 to 10 years [7, 8, 11, 39, 42, 43]. Unlike KD, there
is no significant male predominance. Hemodynamic insta-
bility is present in 60—-80% patients [8, 11, 40, 42]. Gas-
trointestinal manifestations are very common and include
abdominal pain, diarrhea and vomiting. Some patients have
undergone exploratory laparotomy. Neurological features
(e.g., headache, meningeal signs and altered sensorium) are
also common [7, 8, 42].

One of the largest cohorts [n = 186; median age 8.3 years;
115 (62%) boys] of this entity has been reported from United
States (US) [11]. Fever was the predominant complaint with
90% patients having been febrile for >4 days. Systemic fea-
tures included gastrointestinal (92%), cardiovascular (80%),
hematological (76%), mucocutaneous (74%) and respiratory
involvement (70%). Approximately 50% required vasoac-
tive support. Majority of patients (71%) in this cohort had
involvement of four or more organ systems. Patients having
features consistent with KD were usually below 5.

Whittaker et al. have recently published a large experi-
ence from the United Kingdom (UK) [42]. They reported 58
patients with PIMS-TS and identified three different types of
clinical presentations:

I. Persistent fever and elevated inflammatory markers:
e These patients did not have features of organ dysfunc-
tion, KD or toxic shock syndrome (TSS)
II. Fever along with cardiovascular collapse and elevated
cardiac biomarkers:

e These patients had predominant cardiac manifes-
tations including left ventricular dysfunction and
arrhythmias

e Cardiac troponin and pro-BNP were significantly
elevated in these patients

III. Patients presenting as KD or KD shock syndrome
(KDSS):
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e These patients fulfilled the American Heart Associa-
tion diagnostic criteria for KD

It has been seen that patients with MIS-C may progress to
single- or multiorgan dysfunction due to persistent fever and
hyperinflammation [8, 11, 44]. Feldstein et al. have shown
that 80% patients required intensive care, 20% required
mechanical ventilation and 4% received extracorporeal
membrane oxygenation (ECMO) [11]. Due to the ongo-
ing hyper-inflammatory state, chances of development of
macrophage activation syndrome (MAS) are high in these
patients [8, 45].

Cardiovascular complications

Cardiovascular complications are the most prominent
manifestations in patients with MIS-C. Cardiac biomarkers
including NT-pro-BNP and troponin levels are extremely
high compared to historical KD cohorts and indicate heart
failure and myocardial damage in MIS-C. Symptomatic
myocarditis has been reported in 40-80% of patients with
MIS-C [7, 8, 11, 40]. In contrast, symptomatic myocarditis
is seen in < 5% of patients with KD [46—48]. Pouletty et al.
reported that severe disease requiring intensive care due to
myocarditis was seen in approximately 50% of patients with
MIS-C and the risk was higher in older children [8].

Coronary artery abnormalities (CAAs) have been
reported in 9-24% of patients with MIS-C [8, 11, 42, 43,
45, 49, 50]. CAAs are in form of dilatation or small-sized
aneurysms in most patients. Pericarditis, pericardial effusion
and valvular regurgitation have also been reported [8, 11,
51]. Electrocardiographic abnormalities include prolonged
PR interval, T wave and ST segment changes.

Differential diagnosis

Diagnosis of MIS-C should be considered in children pre-
senting with unexplained high-grade fever lasting more
than 4 days [11]. A high degree of suspicion is essential as
patients with MIS-C may deteriorate rapidly and develop
cardiovascular collapse. In view of multisystem involve-
ment, organ dysfunction should be anticipated. Although
MIS-C shares several similarities with KD, there are impor-
tant differences as well. MIS-C can also closely mimic
clinical features of KDSS, toxic shock syndrome and severe
COVID-19 disease. These have been highlighted in Table 3.

Laboratory features

Baseline laboratory workup should include complete blood
counts, liver function tests, renal functions tests, and an
assay of inflammatory markers. A possibility of MAS should
be considered whenever there is rapid clinical deterioration
and relevant investigations must be carried out for early
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identification of this entity. Majority of patients with MIS-C
appear to have a hyper-inflammatory state that manifests as
neutrophilic leukocytosis, raised erythrocyte sedimentation
rates, hyponatremia, hypertriglyceridemia, elevated levels of
CRP, procalcitonin, p-dimer and serum ferritin. Patients with
MIS-C usually have lower platelet counts and higher ferritin
levels as compared to patients with KD. While lymphopenia
has been noted in patients with MIS-C, neutrophilic leukocy-
tosis is the norm in KD [8, 11, 42, 43, 45, 51]. For identifica-
tion of SARS-CoV-2, both serology and RT-PCR should be
performed [11, 42, 51-53]. Sample for serology should be
taken before administration of intravenous immunoglobulin
(IVIg) [52]. In the US cohort, approximately two-thirds of
patients tested positive for SARS-CoV-2 infection either by
RT-PCR or serology, or both. But the remaining one-third of
patients who were negative on both tests had come in contact
with COVID-19-positive individuals [11]. Rostad et al. have
performed serological studies in children with MIS-C and
compared the results with children who had usual COVID-
19 infection, KD and hospital controls [54]. They showed
that patients with MIS-C had higher levels of IgG SARS-
CoV-2 receptor-binding domain. It appears that higher titers
were associated with disease severity in children with MIS-
C. It has been suggested that detailed infective workup and
cultures should be performed for consideration of alternative
diagnoses especially where laboratory evidence of current
or past infection with SARS-CoV-2 is not forthcoming [8,
11,42, 51].

Cardiac biomarkers, including NT-pro-BNP and tro-
ponins, should also be assayed. Both NT-pro-BNP and
cardiac troponin levels are extremely high in patients with
MIS-C compared to KD [8, 11, 42, 45, 55]. Whittaker et al.
have shown that NT-pro-BNP levels were elevated in 83%
patients, while troponins were increased in 68% patients
[42]. 2D-echocardiography should be carried out for identi-
fication of myocarditis, pericarditis, valvular abnormalities
and CAAs [48, 56, 57]. The electrocardiogram may show
changes of myocardial strain. Blondiaux et al. carried out
cardiac magnetic resonance imaging (CMRI) in four patients
with MIS-C and myocarditis—three during acute phase and
one during recovery phase [58]. CMRI finding were consist-
ent with diffuse myocardial edema thereby suggesting that
myocarditis in MIS-C is post-infectious in origin. Similar
observations have also been made in patients with KD.

Treatment

In view of the novelty of the syndrome and similarity to KD,
treatment regimens have been extrapolated from guidelines
for management of patients with KD. Rapid and aggressive
treatment options should be considered according to evolu-
tion of disease. Recently, the American College of Rheu-
matology (ACR) has published guidelines for treatment of
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MIS-C [59]. The ACR has recommended the use of intra-
venous immunoglobulin (IVIg) and/or high-dose corticos-
teroids as first-line therapy in these patients. Approximately
30-80% patients do not respond to IVIg alone and may
require adjunctive immunomodulatory therapy to control
inflammation [8, 11, 43, 49-51]. This is in contrast to clas-
sic KD where IVIg resistance has been seen in less than
15% patients [60]. Intravenous pulse methylprednisolone
(10-30 mg/kg/day for 3—7 days followed by gradual taper-
ing of oral prednisolone) has been found to be useful. Other
therapeutic modalities that have been used in these patients
include second dose of IVIg, anakinra, tocilizumab and inf-
liximab [42, 43, 45, 61, 62].

Complications and outcome

1. As patients with MIS-C have been reported to have pro-
pensity for multisystem involvement, the treating phy-
sician needs to be alert to development of myocarditis,
MAS and renal impairment [8].

2. MIS-C is a hyper-inflammatory state and can progress
to MAS/cytokine storm syndrome. Pouletty et al. have
compared patients with severe and non-severe forms of
MIS-C [8]. They reported that higher age, and a serum
ferritin > 1400 pg/L were the best discriminators for
severe disease.

3. Myocarditis can evolve rapidly and needs to be identified
early. It usually responds to immunomodulatory therapy
(i.e., IVIg and high-dose corticosteroids). Follow-up
echocardiography at 6 weeks has shown normal left
ventricular function in most patients [8, 11, 40].

4. CAAs have also been reported in these patients. How-
ever, CAAs of MIS-C are usually in the form of ectasia
or small dilatations [11, 40, 42, 50, 63].

5. Mortality rate in the US cohort of MIS-C was 2% [11].
Overall mortality rates are lower compared to adults.

Kawasaki disease (KD), MIS-C and COV-HI
in adults and pediatric COVID-19

KD and HCoV

Approximately 9% of patients with KD have recent history
of respiratory infections (usually rhinovirus, adenovirus and
influenza). Interval between onset of respiratory syndrome
and development of KD is approximately 2 weeks [64, 65].
This subgroup of patients often has incomplete KD and is
associated with high frequency of coronary aneurysms [66].
Huang et al. have shown that patients with KD and influ-
enza co-infection had longer duration of fever and were more
likely to be associated with delays in diagnosis [67].

Rowley et al. identified a ubiquitous RNA virus in the
respiratory tract and hypothesized that this could be a
causative agent for KD. Esper et al. have shown an asso-
ciation between KD and a previously unknown human
coronavirus (HCoV) [68]. However, further studies could
not establish a causal association with KD [69-72].

Immunological alterations in KD

KD has also been reported in adult patients with Human
Immunodeficiency Virus infection as well as children with
primary immunodeficiency disorders (PIDs) like X-linked
agammaglobulinemia. Many of these patients (~50%) have
incomplete forms of KD [73]. Genes involved in type I
IFN have been found to be upregulated in patients with KD
[74]. However, other studies have reported that expression
of genes involved in type I IFN response were reduced in
peripheral blood mononuclear cells of patients with KD
[75=77]. 1t is likely that children with MIS-C may have
an, as yet undeciphered, immune dysregulation state that
is possibly triggered by SARS-CoV-2.

Stimulation of peripheral blood mononuclear cells
(PBMCs) by Toll-like receptor (TLR)-9 ligand results
in upregulation of IgA-antibody secreting cells (ASC)
in patients with KD. On the other hand, IVIg treatment
causes downregulation of IgA producing ASCs in KD [78,
79]. Higher expression of TLR-7, but not of TLR-9, is also
noted in coronary arteries of patients with KD compared
to controls [74].

Oligoclonal IgA responses have been demonstrated in
vessel walls of patients with KD and this may be anti-
gen driven [80, 81]. Inclusion bodies, resembling viral
aggregates, have been shown to be present in bronchial
epithelium and macrophages during acute phase of KD
[5]. This shows that viral antigens can drive oligoclonal
IgA responses in mucosal tissues and vascular tissues of
patients with KD.

In an animal model of KD, IgA and C3 immune com-
plexes were found to be deposited in cardiovascular tissues
[73]. Deposition of immune complexes containing IgA,
IgG, IgM and C3 in blood vessels has also been noted in a
COVID-19 patient with vasculitis [82]. This suggests that
both KD and MIS-C may represent some form of IgA vas-
culitis involving a lung—gut vascular axis and further that
MIS-C may be triggered by SARS-CoV-2 infection.

The presence of IgA + plasma cells in arteries on con-
junctival tissue has been noted in an adult patient with HIV
infection complicated by KLS. Increased level of soluble
tumor necrosis factor receptor (STNFR) II was also seen in
this patient [83]. Patients with KD and adult-onset viral KLS
are known to have similar cytokine profiles with elevated
levels of STNFR II, CXCL11, CCL1 and CCL2 [84].
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Immunological alterations in MIS-C, a severe
pediatric COVID-19 disease

SARS-CoV-2 associated MIS-C usually appears a few
weeks after onset of infection [8]. Toubiana et al. have
shown that children with MIS-C presented 36—45 days
after appearance of the first signs of COVID-19 or follow-
ing contact with an individual who was either a confirmed
or a presumed case of COVID-19 [43]. Therefore, there is
a predictable delay between SARS-CoV-2 infection and
KLS.

Higher number of mucosal homing T cells and higher
expression of IL-17 were also seen in pediatric COVID-
19 with MIS-C as compared to COVID-19 without MIS-C
[76]. Diorio et al. recently reported the cytokine profiles
and viral cycle thresholds of patients with usual severe
COVID-19 and MIS-C in children [85]. These authors
have shown that patients with severe COVID-19 disease
presented with lower viral cycle threshold, whereas those
with MIS-C had higher cycle threshold. Cytokine profile
showed that levels of IL-10 and TNF-o were higher in
MIS-C compared to severe COVID-19 without MIS-C
[85]. This shows that development of MIS-C may be a
post-infectious, immunologically mediated sequel of
COVID-19. In addition, MIS-C has been reported more
often in individuals with African-American and Latino
ethnicities [42, 86].

SARS-
CoV-2

Similarities between MIS-C and KD

Both KD and MIS-C are associated with a significant
cytokine storm that results in systemic inflammation and
may explain the myocardial dysfunction that is often seen
in these patients [8, 40, 87]. In addition, elevated level of
ferritin in these patients is a surrogate marker for MAS [88].
It has been noted that high levels of ferritin are associated
with severe disease in SARS-CoV-2-associated MIS-C [8].

Mucosal biopsy of a patient with COVID-19 present-
ing with diarrhea and abdominal pain showed presence of
SARS-CoV-2 in endothelial cells by immunochemistry.
There was also evidence of small and medium vessel vascu-
litis, similar to that seen in patients with KD [89].

There have been some recent reports on detection of
autoantibodies in patients with MIS-C. Target antigens for
autoantibodies are expressed in mucosal and cardiac tissues,
endothelial cells and cytokine molecules [90, 91]. These
auto-antigens have also been reported in patients with KD
[92]. Neutrophils and monocytes expressing Fcy recep-
tors are responsible for disease pathogenesis probably by
engaging with autoantibodies and resulting in formation of
immune complexes [90, 91]. IgG producing ASC have been
known to increase during acute stage of KD and decrease
after [IVIg administration [79]. This again shows that autoan-
tibodies or antibodies to SARS-CoV-2 may be contribut-
ing to disease pathogenesis in MIS-C and KD (Table 2 and
Fig. 1). However, the precise pathogenetic mechanisms
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causing activation and secretion of pro-inflammatory cytokines that
results in development of MIS-C. IFITM3 interferon-induced trans-
membrane protein-3, CD40LG cluster of differentiation 40 (CD40)
ligand, HLA-B15:03 human leukocyte antigen (HLA) B15:03, ACE!
angiotensin-converting enzyme 1
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of MIS-C following SARS-CoV-2 infection still remain
unclear.

Differences between MIS-C and COV-HI in adults

COVID-19-associated hyperinflammation (COV-HI) in
adults is seen in patients with severe forms of disease.
Hyperinflammation-induced cytokine storm in these patients
predominantly involves the lungs resulting in ARDS,
whereas MIS-C is a multiorgan cytokine storm that usually
spares the lungs (Table 3). It is important to identify patients
with COVID-19 having hyperinflammation, as this has man-
agement implications. Manson et al. have defined COV-HI
when patients with COVID-19 have CRP values > 150 mg/L
or when serum ferritin level is > 1500 ug/L [93]. Webb et al.
have also proposed objective criteria for COVID-19 hyper-
inflammatory syndrome (cHIS) based on fever, hematologi-
cal dysfunction, macrophage activation, liver involvement,
coagulation abnormalities and hypercytokinemia [94].
Patients with COV-HI require early escalation of respira-
tory support and have higher mortality [93, 94].

There have been several reports of Multisystem Inflam-
matory Syndrome in Adults (MIS-A), a condition that
appears to be similar to MIS-C [95-97]. There is predomi-
nant involvement of cardiovascular and gastrointestinal sys-
tems [95-98]. Laboratory features include elevated inflam-
matory parameters (e.g., CRP and ferritin), raised p-dimer
levels and lymphocytopenia [95-97].

Serological findings in MIS-C, KD and severe
COVID-19

Approximately 70% of children with MIS-C have a positive
antibody response against SARS-CoV-2. The RT-PCR test is
positive in up to 60% [11, 86]. Following may be the reasons
for low positivity rate of RT-PCR in patients with MIS-C:

1. Interval between SARS-CoV-2 exposure and develop-
ment of MIS-C varies from 2 to 4 weeks. During this
time, virus may be cleared by neutralizing antibodies
and immune cells. Therefore, MIS-C is predominantly
a post-infectious inflammatory syndrome.

2. Positivity rate of serology is reportedly higher than that
of RT-PCR amongst those tested. In a recent French
study on both asymptomatic and symptomatic patients,
positivity of serology was 10.7%, while that of RT-PCR
was 1.8% [99].

Patients who are seronegative, and also test negative
on RT-PCR, usually have had contact with a COVID-
19-positive individual [100]. This suggests that MIS-C is
initiated by adaptive immune response (mediated by anti-
SARS-COV-2 antibody or SARS-COV-2-induced de novo

autoantibodies), unlike severe COVID-19 disease in absence
of MIS-C that is driven predominantly by innate immune
response (cytokine storm originating from neutrophils and
macrophages) [90].

Conclusion

MIS-C is a hyper-inflammatory syndrome affecting multiple
organs and is triggered by SARS-CoV-2 infection. It is usu-
ally seen 2—4 weeks following infection. Adaptive immune
mechanisms have a major role to play in pathogenesis of
this condition. Although clinical manifestations of MIS-C
and KD may be overlapping, these appear to be two distinct
clinical entities.
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