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Abstract
Purpose of Review In this article, I have reviewed current reports that explore differences and similarities between multisystem
inflammatory syndrome in children (MIS-C) and other known multisystem inflammatory diseases seen in children, particularly
Kawasaki disease.
Recent Findings Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a human coronavirus causing the COVID-
19 disease which emerged in China in December 2019 and spread rapidly to the entire country and quickly to other countries.
Currently, there is a pandemic of SARS-CoV-2 infection that results in 20% of patients admitted to hospital with illness, with 3%
developing intractable acute respiratory distress syndrome (ARDS) with high mortality. However, pediatric COVID-19 is still
reported to be a mild disease, affecting only 8% of children. Pathogenesis in children is comparable to adults. There are suggested
impaired activation of IFN-alpha and IFN regulator 3, decreased cell response causing impaired viral defense, yet the clinical
course is mild, and almost all children recover from the infection without major complications. Interestingly, there is a subset of
patients that develop a late but marked immunogenic response to COVID-19 and develop MIS-C.
Summary Clinical features of MIS-C resemble certain pediatric rheumatologic diseases, such as Kawasaki disease (mucocuta-
neous lymph node syndrome) which affects small-medium vessels. Other features of MIS-C resemble those of macrophage
activation syndrome (MAS). However, recent research suggests distinct clinical and laboratory differences between MIS-C,
Kawasaki disease, and MAS. Since the start of the SARS-CoV-2 pandemic, MIS-C has become the candidate for the most
common cause of acquired heart disease in children.
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Introduction

SARS-CoV-2 is a member of the coronavirus family which
comprises a group of large non-segmented enveloped single-
stranded RNA viruses, i.e., SARS-CoV (alpha) and MERS-
CoV (beta).

The SARS-Cov-2 infection seems to be linked with other
coronaviruses despite differences in their epidemiology, pa-
thology, and several of their structural proteins [1, 2]. SARS-
CoV-2, as the newest coronavirus infection and its immune

response profile, is currently being discovered. Investigators
are using information about known coronaviruses to design
urgent and effective therapies.

Some of the immune response to all coronavirus (CoV) infec-
tions can be generalized and helpful in understanding the current
SARS-CoV-2 infection and its complications [3] (Fig. 1):

– When an infection enters an organism, the innate immune
and adaptive immune responses are initiated with first
macrophage recognizing infection and presentation of
CoV antigens to T cells [4]. This process leads to T cell
activation and differentiation, including the production of
cytokines associated with different T cell subsets [5],
followed by the release of cytokines for immune response
amplification. However, continued production of these
mediators at massive levels due to viral persistence has
a negative effect on NK and CD8+ T cell activation.
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– Attachment of CoV to the host cell through their common
spike (S) protein leads to the appearance of genomic
RNA in the cytoplasm which induces an immune re-
sponse to viral single-stranded RNA [6–8].

– TLR-3 activated by RNA further activates cascades of
signaling pathways that induce type I IFNs and pro-
inflammatory cytokine secretion [9, 10]. However, in oth-
er coronavirus infections, it has been shown that accesso-
ry proteins may interfere with TLR-3 signaling and pre-
vent TLR-3 activation and evade the immune response. It
has been previously suggested that TLR-3 activation is
protective against MERS-CoV infection [6].

– Another hypothetical viral response suggested is via
TLR-4 recognizing S protein leading to activation of
pro-inflammatory cytokines through the MyD88-
dependent signaling pathway [11–13]. Thus, virus-cell
interactions lead to the strong production of immune me-
diators. Additionally, infected cells in response to CoV
infection secrete large quantities of chemokines and cy-
tokines (IL-1, IL-6, IL-8, IL-21, TNF-β, and MCP-1).
These chemokines and cytokines, in turn, recruit lympho-
cytes and leukocytes to the site of infection and contribute
to cytokine storm.

SARS-CoV-2 is also observed to cause viral sepsis,
and the subsequent initial immune response is an eleva-
tion of pro-inflammatory cytokines and a severe immune

dysregulation phase which follows an immune suppres-
sion phase. In the latter, almost all cells that play impor-
tant roles in viral response seem to be substantially re-
duced in peripheral blood and become dysfunctional.
These are mainly CD4+, CD8+ T cells, natural killer
(NK) cells [14].

Plenty of Publications Have Been Suggesting that During
SARS-CoV-2 Infection Host Defense Seems to be Impaired
and It Could Be at Different Phases of Immune Defense
Which Are Reflected in the Clinical Phases of the Infection.
Some Speculations Are as Follows:

1. SARS-CoV-2 infection escapes the activation of interfer-
on signaling and results in disseminated infection.
Clinically, patients experience mild flu-like symptoms
within approximately 1 week, which decline by the end
of that week.

2. Activation and expansion of CD8+T cells and CD4+T
cells are missing. Patients develop severe lymphopenia
in the second week of illness. T-Cells, T helper 17, natural
killer (NK), and B-cells are also diminished from periph-
eral blood. In this second phase of the infection, viral titers
are reported lower in peripheral blood, while tissue in-
flammation in the lungs (pneumonia) continues. In this

Fig. 1 Host immune defense towards coronavirus infections. The figure
illustrates the major pathways host organism recognizes coronaviruses
(CoV) and responds. (1) Macrophage recognition and presentation to T
cells, (3) activation of toll-like receptor 3 (TLR-3) signaling via TRIF, and
(4) induction of type I interferon and downstream interferon response
genes and cytokine secretion. Negative effect on CD4+ T and CD8+ T
cells-purple line block. (5) Activation of SAMHD1 gene (upregulated

during viral infections) triggering TLR-4 and MyD88-independent
signaling activation leading to type I interferon and cytokine release. (6)
Additionally, infected cells respond with the secretion of cytokines and
chemokines for lymphocyte and leukocyte recruitment. SAMHD1; SAM
and HD domain containing deoxynucleoside triphosphate
triphosphohydrolase 1
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phase, depletion of CD8+T cell counts was suggested to
be a predictor of further disease severity [15••, 16, 17••].
The accelerated immune response leads to adult respira-
tory distress syndrome (ARDS), with additional end-
organ damage and shock. There is severe cytokine pro-
duction (cytokine storm), lymphocyte depletion, and
dysfunction.

3. Recovery phase (4–6 weeks): Patients clinically feel bet-
ter, but some still require pulmonary and cardiac
rehabilitation.

In contrast to adults, pediatric COVID-19 infection is
asymptomatic 90% of the time. The most common clinical
symptoms are cough (48%), fever (41%), diarrhea (8.8%),
and vomiting (6.7%) (https://www.cdc.gov/coronavirus/
2019-ncov/daily-life-coping/children/symptoms.html). In
infants under 12 months of age, there is also poor appetite
and feeding problems. Nasal congestion, loss of taste and
smell, sore throat, headache, stomachache, fatigue, and
muscle pain incidence seems to be similar to adult COVID-
19 infection. Laboratory findings also mirror adult infection
with low CD4+ and CD8+ T-cells but high neutrophils, ele-
vation in hepatic enzymes, hyperglycemia, elevated
procalcitonin, but low c3 and c4 levels. There is still impaired
activation of interferon-alpha (IFN-α) and interferon regulator
3 (IFNR3). While chest X-rays are mostly normal, chest CTs
were more sensitive in detecting the lung pathology. Risk
factors behind the severe disease in children were suggested
to correlate with younger age, the higher percentage of neu-
trophils, higher LDH, decreased CD4+ and CD8+ T cells, and
progressive pulmonary images. Nevertheless, most investiga-
tors report mild flu-like illness in children with COVID-19,
and all recover in 1–2 weeks [18, 19]. The mortality rate of all
hospitalized children so far has been 0.18%.

Theories behind why children are affected less by
COVID-19 have been reviewed elsewhere [20]. There is
still no scientific explanation so far why children have a
less serious disease.

While effective anti-viral therapy is needed, effective mod-
ulation of innate immune response and restoring the adaptive
immune system is suggested to be the essential actions in
preventing mortality [21••].

COVID-19/MIS-C Pandemic Timeline

SARS-CoV-2 was identified in Wuhan, China, in December
2019 [22••]. Initial reports of severe hyperinflammatory syn-
drome started to be reported in children first in the UK [23]
and Spain [24] by April 2020. The first reports from the USA
came from New York on April 27th, 2020 [25]. During the
following weeks, reports of increased incidence of Kawasaki
disease were published [26]. On May 14th CDC (https://

emergency.cdc.gov/han/2020/han00432.asp) and on
May 15th WHO published MIS-C definition (https://www.
who.int/publications/i/item/multisystem-inflammatory-
syndrome-in-children-and-adolescents-with-covid-19).
Finally, the American College of Rheumatology (ACR) pub-
lished consensus and treatment guidelines followed by publi-
cations from the pediatric rheumatology ACRCOVID-19 task
force [27••]. The guidelines are online and are subject to
change adjusting to current scientific information.

Multiple reports from around the world about the natural
course of MIS-C and its epidemiology have been published
following initial reports from Europe regarding MIS-C [25,
28, 29•, 30–53]. Most studies compared MIS-C with severe
COVID-19 shock and Kawasaki disease [26, 35, 39, 41, 44,
54–87].

Role of Pediatric Rheumatologist in COVID-19
Pandemic

Pediatric rheumatologists have been obligated to get involved
in post-COVID-19 illness definitions since post-COVID-19
syndromes in both adults and pediatrics resembled severe
macrophage activation syndrome (MAS), systemic vasculitis
with cardio myocardiopathy, and Kawasaki like a disease with
coronary artery aneurysms. Variety of other known autoim-
mune disease onset resembled the features of COVID-19.
Thus rheumatologic diseases became the top differential diag-
nosis such as hemolytic uremic syndrome [88], macrophage
activation syndrome [71], inflammatory bowel disease [89],
but mostly with Kawasaki disease [55, 56].

Resemblance to MAS

Rheumatologists were consulted frequently as to whether
patients’ post-COVID-19 syndrome had MAS since it
showed similarities and responded to MAS treatment pro-
tocols. While ESR is classically low in MAS, in MIS-C, it is
remarkably high. While splenomegaly is a hallmark of
MAS, it is not seen in MIS-C. Associated cytokine storm
in MAS is not identical to what is seen in post-COVID-19
illnesses [71].

Resemblance to Immune Complex Vasculitis

In MIS-C, there is a significant amount of acro-ischemia
reported which was hypothetically explained with occlu-
sion of blood vessels with immune complexes including
spike proteins and anti-spike immunoglobulins. This re-
sembles hepatitis B-related polyarteritis nodosa (PAN) with
immune complexes containing HBsAg. Similar vasculitis is
also seen in deficiency of adenosine deaminase 2 (ADA2).
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Skin Lesions Resemble Pediatric Rheumatological
Disease Manifestations

Particularly with the pediatric age group, a variety of cases
with skin rash associated with COVID-19 infection have been
reported. These rashes were described as violaceous macules,
livedoid rash, and palpable purpura (necrotic and non-
necrotic) that resembled Henoch-Schönlein Purpura [90].

Resemblance to Kawasaki Disease

Early studies (case reports) listed their findings (symptoms) of
severe hyperinflammatory syndrome COVID-19, which re-
sembled Kawasaki disease [64] from the UK [23, 91], Italy
[26], Spain [24], and New York City [92].

In general, MIS-C diagnosis criteria are distinct with the
involvement of myocardium and significant lymphopenia,
neutrophilia, but an elevation of thrombocytopenia and ferritin
levels in peripheral blood. Most MIS-C definitions agree with
each other’s criteria published by different organizations [25]
(https://www.cdc.gov/mis-c/, https://health.ny.gov/press/
releases/2020/docs/2020-05-13_health_advisory.pdf, https://
www.who.int/news-room/commentaries/detail/multisystem-
inflammatory-syndrome-in-children-and-adolescents-with-
covid-19). Initial striking difference in Kawasaki disease
criteria is the significant thrombocytosis observed after the
initial febrile stage and the involvement of coronary arteries
as compared to predominant myocardial involvement seen in
MIS-C.

When the symptoms and findings are categorized and lined
up in different MIS-C definitions, it is noticeable that the CDC
definition specifically does not include skin rash in MIS-C
criteria. World Health Organization definition somewhat
limits the case definition to those who experience fever con-
tinuously for more than 3 days, while others accept 1 day of
fever as a major criterion. Another debated criterion is the
presence of RT-PCR for SARS-CoV-2, which is not always
present in MIS-C patients, versus evidence for IgG or IgM
suggesting active or previous infection with SARS-CoV-2.
Almost all suggested diagnostic criteria for MIS-C published
by ACR task force, NY State case definition, WHO, and CDC
criteria accept an epidemiologic link (contact exposure histo-
ry) to SARS-CoV-2 infection, such as close contact with
someone who had SARS-CoV-2. The presence of an epide-
miologic link in MIS-C diagnostic criteria is particularly im-
portant since at the time those recommendations were made,
in some centers, tests for SARS-CoV-2 infection with PCR or
serology were either not available, or reliable, or processed
promptly.

Worldwide pediatric healthcare communities and
healthcare providers quickly became familiar with this late-
onset multisystem involving inflammatory syndrome as a
post-viral COVID-19 pediatric disease. Multiple case series

and collaborative work collecting systematic data continued
to unravel the diseases’ clinical presentation patterns [27••, 84,
93–105]. The distinction from Kawasaki disease and macro-
phage activation syndrome from MIS-C became clearer with
state-of-the-art molecular technological approaches [39,
92–94].

According to the US Health Department (December 9,
2020), the majority of the MIS-C population described is
from Hispanic or Latino and black ethnicity (75%), 99% of
them are tested positive 2–4 weeks after a known infection
or exposure to someone with the documented infection.
Race and ethnicity seem to vary based on the region of
the reports. While the State of Texas had more African-
American/Afro-Caribbean than others, California State
showed more incidence for the Hispanic population.

Unlike in adults, the only significantly associated comor-
bidity with mortality due to MIS-C was obesity across all
epidemiologic studies (25–50%) [15••, 18, 36].

Recently, there have beenmultiple subsequent publications
that described the clinical and laboratory features, the natural
progress of MIS-C, and its epidemiology in various regions of
the world. In this review, wewill focus the discussion on those
publications that provided some evidence for the distinction of
the MIS-C from other overlapping or resembling pediatric
syndromes.

Is MIS-C Different from Kawasaki? If Yes, What
Is Different and How Do We Differentiate
the Two from Each Other?

The initial reports about a multisystem inflammatory syn-
drome affecting children came from the UK [91], Spain
[24], and then New York City in April 2020 [25]. In the
following weeks, Italian pediatric rheumatologists reported
a significant increase in Kawasaki syndrome in Italy [23,
26]. When those reports were assessed, it was a Kawasaki
lie disease but in an older pediatric population. There were
clear similarities to Kawasaki in these MIS-C cases. Some
patients who immediately developed hemodynamic shock
even further resembled the Kawasaki shock syndrome.
More obvious differences were present between these two
extreme presentations of Kawasaki disease shock and MIS-
C shock.

MIS-C shock cases showed laboratory abnormalities that
were more significantly abnormal compared to Kawasaki
shock. Both patient populations that developed shock showed
elevation of CRP and ferritin levels but lower in shock related
with Kawasaki disease. In MIS-C again, the ethnicity of the
patient population was predominantly African-American/
Hispanic, while Kawasaki patients that developed shock were
more of Asian descent. Other distinct differences are as fol-
lows: while COVID-19 patients developed lymphopenia, low
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platelet counts, and low albumin levels, Kawasaki patients in
shock developed no lymphopenia, less significant thrombocy-
topenia which reversed within the following 10–14 days and
become thrombocytosis which persisted for many weeks. In
those patients that develop shock after COVID-19, platelet
counts normalize after the acute phase is over. The most dis-
tinct clinical feature of the MIS-C from Kawasaki is its myo-
cardial involvement causing significant myocardial dysfunc-
tion with laboratory markers of troponin and BNP elevation.
In Kawasaki, the most severely diseased patient’s coronary
artery involvement and secondary cardiac dysfunction are pre-
dominant. The levels of BNP and troponin were mildly ele-
vated [106–109].

With the goal of identifying MIS-C immune activation
difference from Kawasaki disease. Consiglio et al. [110••]
performed a system analysis of immune cells, cytokines,
and antibodies of patients with Kawasaki disease (n=28),
MIS-C patients (n=13), children infected with SARS-CoV-
2, and healthy children (n=19).

Results of the principal analysis showed that MIS-C over-
laps to an extent to both Kawasaki and adult hyperimmune
syndrome following COVID-19, but most cytokine profiles
were distinct in each of these subgroups. Principal component
2 showed more similarities in the cytokine profiles of MIS-C
and SARS-CoV-2 infected children but differed in Kawasaki
disease patients. The remarkable differences were for IL-6, IL-
17, CXCL10, ADA, and stem cell factor (SCF). In Kawasaki,
IL-6, IL-17, and CXCL10 were homogeneously expressed at
higher levels as compared to the MIS-C and SARS-CoV-2-
positive patients. However, between the MIS-C and SARS-
CoV-2 positive patients, the levels showed more heteroge-
neous levels but with less significant differences between the
groups suggesting a spectrum rather than two different
diseases.

More importantly, this study using the proteome array pro-
filing method showed that in healthy children, SARS-CoV-2-
infected patients, and in Kawasaki patients, there is immunity
towards previously known other coronavirus antibodies (hu-
man coronavirus 1 and cattle beta coronavirus) that were pres-
ent but surprisingly negative in all MIS-C patients cohorts.
Before the importance of this finding and relevant immune
activation pathways related to coronavirus infections should
be discussed, it may be safer if this data is replicated in larger
series.

Authors found Endoglin antibody presence in both MIS-C
and Kawasaki patients. Marker for endothelial damage is
found in the vascular endothelium and the heart muscle. But
in MIS-C MAP2K2 and casein kinase, family members
(CSNK1A1, CSNK2A1, CSNK1E1) were found to be exclu-
sive. A potent anti-viral Silmitasertib (CX-4945), known to
inhibit the activity of these kinases, was suggested to be used
in COVID-19 patients as an adjunct therapy. Silmitasertib is
currently in a clinical trial for age 18 and above patients with

COVID-19 infection (NCT04668209). On the other hand,
Kawasaki patients in this study showed more plasma
markers of arterial damage as compared to MIS-C.
Autoantibodies towards epidermal growth factor-like repeats
and discoidin I-like domains 3 (EDIL3) are known to play
important role in vessel wall regeneration, remodeling, and
angiogenesis expressed only in Kawasaki disease but not in
MIS-C.

Proteome analysis indicates that although there is a variety
of overlap, MIS-C and Kawasaki disease have different path-
way activation, different targeted structure abnormalities, and
abnormal markers of damage such as vascular endothelium vs
myocardium.

The data from the largest international series of children
with MIS-C (n=183) (33 European, Asian and American hos-
pitals) showed a more severe presentation of MIS-C. More
than 40% of patients with MIS-C presented to the pediatric
urgent care with shock. In summary, the international data of
MIS-C patients had higher levels of BNP, D-dimer, CRP, and
ferritin and developed more cardiac complications than
Kawasaki patients, especially pericardial effusion, valvu-
litis, and left ventricular dysfunction requiring inotropic
support, mechanical ventilation, and a longer duration of
hospitalization. Only 15% of these MIS-C patients also
fulfilled the criteria for KD. Kawasaki disease patients
had a remarkably better clinical presentation, stability,
and very few cardiac abnormalities other than coronary
artery dilatations [36]. Efforts to identify the genes that
are activated or downregulated during Kawasaki and
MIS-C disease showed overlapping pathways but also dis-
tinct transcriptional signatures of MIS-C and pediatric
COVID-19 transcriptional signatures [111].

How Different Are COVID-19 Infection
and MIS-C from Each Other?

Ahmed et al. [29] tried to identify the differences between
COVID-19 infection and MIS-C. The study showed that
MIS-C cases epidemiologically followed the COVID-19 in-
fection by 5.3 weeks after the pandemic started. Thus MIS-C
did not start at the beginning of the pandemic with the acutely
infected patients. When the overlapping symptoms such as
fever are seen in both groups, in COVID-19 patients, predom-
inant symptoms are cough and rhinorrhea, while in MIS-C
patients, it is more diarrhea, vomiting, and skin rash. The
differences between the predominant clinical presentation of
COVID-19 and MIS-C were confirmed by many other inves-
tigators in different series around the world [33].

Further attempts to clarify the differences between the
acute COVID-19 infection and MIS-C were performed by
Diorio et al. [112••]. They prospectively enrolled and follow-
ed three groups of patients with mild COVID-19 infections,
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severe COVID-19 infections, and those that developedMIS-C
between April 3rd and May 15th, 2020. Results showed that in
all three groups of patients, there was significant innate immu-
nity dysfunction evident from elevated cytokines (IL-6, IL-8,
and TNF-alpha), lymphopenia, presence of co-infection, and
elevated markers of endothelial dysfunction such as C5b-9.
Abnormal erythrocyte phenotype (schistocytes, burr cells, toxic
granulation) was seen in all but showing significantly increased
percentage with severe COVID-19 infection and maximum
abnormality in MIS-C patients. However, there were signifi-
cant differences between the COVID-19 and MIS-C cases. In
severe COVID-19 infection, patients showed abnormalities
that we see in MAS such as ferritin, transaminase, lactate, and
prothrombin elevation with significant thrombocytopenia.
Serum interferon-gamma levels were significantly elevated
during active infection, and RT-PCR performed to detect
SARS-CoV-2 had low cycle threshold (Ct) counts
representing high viral load (Ct counts are inversely pro-
portional to the amount of target nucleic acid in the sample).
Patients were mostly between 13 and 16 years old. In the
MIS-C cohort, the laboratory findings suggested more vas-
cular injury and cardiac involvement with high levels of
troponin, D-dimer, and B type natriuretic peptide (BNP).
IL-10 and TNF-α, when analyzed together, were more sig-
nificantly elevated but not the interferon-gamma with very
high levels of Ct counts in SARS-CoV-2 PCRs tests. High
Ct counts in RT-PCR representing low viral load or perhaps
only residual RNA belonging to viral particles left from the
already recovered viral infection. The patient group in MIS-
C was much younger (6–8 years old). These results sug-
gested that MIS-C is an immune activation syndrome but
not an acute infectious process, and patients do not current-
ly have active SARS-CoV-2 infection, but lingering viral
RNA determined by RT-PCR.

Later, Vella et al. [113] in a similar study also compared the
adult and pediatric COVID-9 infections which differed from
pediatric MIS-C. In the MIS-C cohort, it is observed that there
is continued activation of adaptive immune response driven
by persistent antigen presence. It is possible that in younger
children, the host response to SARS-CoV-2 is not necessarily
robust; they experience a very mild underdiagnosed acute in-
fection period in which host immune activation is not able to
clear the system from the virus completely; thus a persistent
antigen stimulation exists. InMIS-C patients, peripheral blood
CD8+T cells, particularly vascular patrolling CX3CR1+
CD8+T cells, are significantly elevated as compared to acute-
ly COVID-19-infected patients. The same group found a
correlation between decreasing levels of HLA-DR+
CD38+T cell population and clinical improvement in
MIS-C. However, there is also evidence that cytotoxic
CD8+ T cells are dysregulated, and there is CD8+T cell
exhaustion in MIS-C, which can also be seen in Kawasaki
disease to some degree [111]

Carter et al. [114••] from the UK used another approach
and analyzed theMIS-C patients at different time points: acute
(T1, n=23), resolution (T2, n=14), and during convalescent
phase (T3, n=10). They found high HLA-DR expression on
γδ and CD4+ CCR7+ T cells in the acute phase, which sug-
gested that these immune cell populations were activated and
stayed activated through T3. They showed that in peripheral
blood, the antigen-presenting cells had low HLA-DR and
CD86 expression, potentially indicative of impaired antigen
presentation. Surprisingly, both in the reports of Vella et al.
and Carter et al., data suggests evidence that both antigen and
host response are impaired in MIS-C which may lead contin-
uous antigenic simulation and chronic adaptive immune re-
sponse. Carter et al. suggested that there are two immune
pathogenic drivers of MIS-C, one is the altered interferon-
gamma response, and the other one is antibody-dependent
enhancement of the disease and adaptive immune reaction.
Another study by Anderson et al. showed that children with
MIS-C have higher levels of IgG antibodies that neutralize
SARS-CoV-2 more effectively compared to children with se-
vere COVID-19, suggesting the presence of a stronger adap-
tive immune system response in MIS-C [115]. Unfortunately,
there are still wide presentation differences of SARS-CoV-2
infections and MIS-C between patients which could be due to
their genetic background, such as HLA alleles. Patients show
up in the clinics with huge variability in their clinical presen-
tations and laboratory markers.

In summary, it appears clear that MIS-C and COVID-19
are distinct presentations of SARS-CoV-2 infection, depen-
dent on the initial antigenic clearance. Children at a younger
age may not have the fully developed immune system to clear
the antigen completely. Therefore, they may develop MIS-C
after mostly an asymptomatic COVID-19 infection.

Furthermore, previous similar coronavirus infection oth-
er than SAR-CoV2 seems to be protective against MIS-C,
while patients still develop Kawasaki disease and COVID-
19 infection (Fig. 2). While the COVID-19 pandemic is
more controlled, the incidence of infected patients de-
creased, and the incidence of MIS-C cases is decreasing
in Europe [32]. Once a vaccine for SARS-CoV-2 becomes
available for children, MIS-C may not be as common and
perhaps disappear.

Conclusions

We are still learning from worldwide collaborative studies
about pediatric COVID-19 infection and MIS-C. Most of
our efforts are spent trying to successfully differentiate be-
tween Kawasaki and MIS-C. There are plenty of clinical and
laboratory findings, cellular phenotype data, and antibody da-
ta showing somewhat similar but mostly distinct markers at
least between Kawasaki and MIS-C. However, pediatric mild
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COVID-19 disease and MIS-C seem to be presentations of a
spectrum of the host response to SARS-CoV-2 infection. The
host response could be anything from an acute innate response
to late adaptive response. Certainly, there is a lot to learn about
the heterogeneous host response to SARS-CoV-2 infection in
both adults and children.

Suggestions of a continuous antigenic stimulus, inability to
clear the viral infection, in younger pediatric patients devel-
oping MIS-C may raise the question of whether children are
truly the silent spreaders of SARS-CoV2. They may develop
severe MIS-C. Since most MIS-C patients are 6–7 year old
children, should we reconsider primary school students’ con-
tinue in remote learning?

Fortunately, MIS-C responds well to aggressive therapy
protocols implemented fromKawasaki disease with high dose
IVIG, high dose corticosteroid, interleukin 1 (IL-1) inhibition,
and anti-coagulationwith aspirin.Multiple algorithms of treat-
ment approaches have been published, and recommendations
from the ACR rheumatology task force are a live document
that changes when there is newer information providing the
most accurate support in decision-making for diagnosis and
treatment. So far most patients are discharged home with no
major complication on maintenance treatment with oral ste-
roids, aspirin, and quickly weaned off these medications in a
few weeks, once cardiology clears the patients from a cardiac
function to stand point.

In the current pandemic era, MIS-C claimed the title of
“most common acquired pediatric cardiac disease” from
Kawasaki disease, subject to change when the vaccinations
are available for the pediatric patient population.
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