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Abstract

Background Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection has been spreading rapidly around
the world, while “multisystem inflammatory syndrome in children” (MIS-C) is a new type of syndrome that has now been
reported in many countries. Similar and different characteristics between KD and MIS-C have been reported in a variety of
literature. We aimed to focus on reviewing clinical presentations, diagnosis, and treatment of KD and MIS-C.

Methods We searched articles in the electronic databases, including the Cochrane Library database, EMBASE, and MED-
LINE with the keywords “multiple inflammatory syndrome” and/or “COVID-19” and/or “Kawasaki disease” and “children”.
Results Main presentations of MIS-C and KD include fever, rashes, mucous membrane involvement, conjunctivitis, hands
and feet erythema/edema, and cervical lymphadenopathy. However, compared with the highest incidence of KD among some
Asian countries, MIS-C is common among Black and Hispanic children. MIS-C is common in older children and teenagers,
whereas classic KD is common in children under five years of age. Gastrointestinal symptoms, shock, and coagulopathy are
common in MIS-C patients but are not common in classic KD. Cardiac manifestations are more common than KD, includ-
ing myocarditis with cardiac dysfunction and coronary artery dilation or aneurysms. Severe cases in MIS-C present with
vasodilated or cardiogenic shock that requires fluid resuscitation, muscular support, and even mechanical ventilation and
extracorporeal membrane oxygenation (ECMO), whereas KD rarely presents with these manifestations and requires these
treatments. Increased serum ferritin, leukopenia, lymphopenia and thrombocytopenia are common in MIS-C. However,
thrombocytosis is a characteristic feature of KD. Intravenous immunoglobulin (IVIG) and moderate-high dose aspirin are
still a standard recommended treatment for KD. In addition to the above-mentioned medications, steroids and biological
drugs are frequently used in patients with MIS-C. Most of the children with KD have a good prognosis; however, the long-
term clinical outcomes of MIS-C are not clear.

Conclusions The overall presentation and treatment of MIS-C appear to overlap with KD. However, there are still great
differences between the syndromes, and it is controversial to say whether MIS-C is a new entity or is a “severe type” of KD.
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Introduction

A new syndrome in children and juveniles was first
described in the global pandemic of coronavirus disease
2019 (COVID-19), termed as “multisystem inflammatory
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syndrome in children” (MIS-C), which is closely associated
with COVID-19 infection [1-3]. So far, a series of cases
with such a syndrome have been reported in children from
Italy [3], the UK [4], Spain [5], France [6, 7], the United
States [8], India [9], Brazil [10] and many other countries
including South Korea [11]. No reports of MIS-C have been
observed in China and Singapore. This syndrome has clini-
cal manifestations similar to Kawasaki disease (KD) and
Kawasaki disease shock syndrome (KDSS) [12], or KD
with macrophage activation syndrome (MAS) [13]. Patients
may present with high fever, lymphadenopathy, pleomor-
phic rash, conjunctivitis, mucosal pathology changes, and
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coronary artery dilation. Severe cases may present in car-
diovascular shock, encephalitis, and multiple organ failure
[8, 14-16]. However, obvious differences have also been
found between the two syndromes in clinical presentations,
diagnosis, and treatment.

The differences between MIS-C and KD might be associ-
ated with different pathogenesis of the two diseases. Unfor-
tunately, the pathogenesis of two diseases is still under
research and is not yet clear. There are differences between
MIS-C and KD in hyper-inflammatory states. For example,
interleukin (IL)-17A, the main contributor in the cytokine
storm, is significantly higher in KD than that in MIS-C.
Apart from IL-17A, a plasma protein called endothelial and
smooth muscle cell-derived neuropilin-like protein (ESDN)
was obviously elevated in KD as compared with that in MIS-
C, which is related to arterial damage [17]. Other studies
have reported that interferon-y (IFN-y)-associated cytokines,
IL-1 associated cytokines, and inflammatory monocytes
are major contributors to acute inflammation in MIS-C and
KD patients, and most of these studies overlap. However,
compared with KD patients, a subgroup of MIS-C patients
showed a significant increase in circulating levels of IFN- y
which is the hallmark of MAS [18]. These studies suggest
that immune-modulating factors for MIS-C and KD may
contribute differently to each condition.

In this review, we discussed the similarities and differ-
ences between MIS-C associated with COVID-19 and KD
based on clinical manifestations, diagnosis, and treatment
(Fig. 1).

MIS-C

Clinical presentations of MIS-C and KD: similarities
and differences

Although the first case of MIS-C was reported in early April
2020 [19], the real concern was raised on April 26, 2020.
On that day, National Health Service in the United Kingdom
(NHS, UK) issued a warning that severely ill children may
have similar features as that of the toxic shock syndrome,
severe COVID-19 infection, and atypical KD [20]. On May
14, 2020, the Center for Disease Control and Prevention
(CDC) issued a health advisory to report the cases that
matched the criteria for MIS-C [21], which was also empha-
sized by others, including the Royal College of Paediatrics
and Child Health (RCPCH), the World Health Organization
(WHO), and the US Center for Disease Control and Preven-
tion (CDC) [22]. All three institutions developed their defini-
tions, namely, pediatric inflammatory multisystem syndrome
temporally associated with SARS-CoV-2 (PIMS-TS), MIS-C
by CDC, US and the WHO [21, 22]. All these definitions
include the age of the disease onset, clinical characteristics,
laboratory examination of inflammation, and laboratory or
epidemiologic proof of SARS-CoV-2 infection. However,
there are other excluded conditions, such as toxic shock syn-
drome, hemophagocytic lymphohistiocytosis, etc. As per the
definition of MIS-C by CDC of the United States [22], there
are six criteria as follows: the illness is severe enough to
require hospitalization; patients are below 21 years; the body
temperature of patients is over 38.0 °C or self-conscious
fever that lasts for at least 24 h; inflammation found through

Kawasaki disease

Age: 76% cases, <5 years

Age: median, 6-10 years Fever X
Redh Uncommon respiratory symptoms
Increased incidence of gastrointestinal Mooons embrane Uncommon myocarditis with
symptoms volvement ventricular dysfunction
Increased incidence of myocarditis Conjunctivitis Thrombocytosis as a characteristic
and cardiac involvement; Hands and feet feature
Increased ferritin, leukopenia, eryther.na/edema Uncommon lymphopenia and
lymphopenia and thrombo-cytopenia; Cervical increased ferritin and D-dimer
2 - Lymphadenopathy
Treatment including: Shock Steroid and biologic drugs are the
Intropes/vasopressors MAS second-line treatment
Mechanical ventilation
ECMO CAA Rare use of intropes /vasopressors
Steroid Aspirin + IVIG

Biologic drugs

Rare use of mechanical ventilation

Rare use of ECMO

Fig.1 Similarities and differences between multiple inflamma-
tory syndrome in children (MIS-C) associated with COVID-19 and
Kawasaki disease (KD): the clinical presentations, diagnosis, and
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a laboratory clue; at least two organ systems showing signs
of involvement; laboratory evidence that confirms SARS-
CoV-2 infection (SARS-CoV-2 DNA being positive for
real-time reverse-transcriptase polymerase chain reaction,
RT-PCR or the presence of a positive antibody) or a positive
epidemiological history. However, SARS-CoV-2 infection is
not an essential factor in the UK guideline.

Data on the characteristics of children and adolescents
with MIS-C remain limited and are updated daily. The
median age of the affected children in MIS-C ranges from 6
to 10 years, which is different from the classical KD because
MIS-C affects older children and teenagers [23]. 76% of the
cases of KD are under 5 years old [24]. However, the older
patients of KD are known to be more severe than younger
patients. Also, MIS-C seems to be more common in males
than in females. A majority of papers have reported that
more than 60% of patients were found to be males [2-10,
23]. MIS-C and KD are similar in many clinical manifes-
tations; for example, both exhibits persistent high fever,
25-65.5% of the patients with symptoms of MIS-C are
also consistent with the classic or incomplete KD, includ-
ing rashes, mucous membrane involvement, conjunctivitis,
hands and feet erythema/edema, and cervical lymphadenop-
athy [2-10]. However, the differences in clinical manifesta-
tions between the two diseases are also obvious. Gastroin-
testinal symptoms, such as vomiting, abdominal pain, and/
or diarrhea, are more pronounced in children with MIS-C
than the ones with KD [2-10, 23, 25, 26]. According to the
report of Abdel-Haget et al. the abdominal imaging findings
of their MIS-C patients were lymphadenopathy, hepatosple-
nomegaly, mesenteric adenitis, calculous cholecystitis, pan-
creatitis, ascites, intestinal wall thickening, and inflamma-
tion [26]. Because some KD cases did not have abdominal
ultrasound examination, the abovementioned gastrointestinal
findings seem not common in KD [27]. Also, the patients
with MIS-C are more serious than the children with KD.
33-87% of MIS-C patients experienced hypotension that
required inotropic support. However, only 2—7% of children
with KD developed shock [2-10, 21, 22, 25, 28]. According
to previous reports, 1.1-1.9% of children with KD could
be associated with macrophage activation syndrome (MAS)
[28, 29]. However, MAS is more frequently seen in children
with MIS-C, with an incidence of 3—-50%. MAS can lead to
multi-organ system dysfunction and is associated with high
morbidity and mortality [2, 13, 14]. Respiratory distress is
rarely seen in KD patients, whereas, in MIS-C, 12-46% of
the patients receive oxygen or mechanical ventilation [2—10].

Cardiac manifestations of these two diseases are also
different, although both can have myocarditis and coro-
nary artery dilation and aneurysm (CAA). After being
treated with intravenous immunoglobulin (IVIG), CAA
can be seen in only about 4% of the patients with KD [28],
while in MIS-C, 14-36% of patients exhibit CAA, which

is higher than those seen in patients with KD [15, 16].
Some researchers found that CAA observed in patients
with MIS-C is generally reversible [16]. Also, the left ven-
tricular systolic dysfunction (LV ejection fraction < 50%)
is rarely seen in KD, but in MIS-C, 18-87% of children
display ventricular dysfunction [15, 16, 23] (Table 1).
Nevertheless, the long-term prognosis of CAA caused by
MIS-C is unclear.

Laboratory features of MIS-C and KD: similarities
and differences

Elevated inflammatory indexes occur in both MIS-C and
KD cases. However, the elevation observed in KD cases
was moderate [28] compared to the MIS-C, where an
obvious increase was observed in the levels of CRP, PCT,
and IL-6 [2-10, 23, 25], with the values being more than
350 times, 16 times, and 3 times higher, respectively [25].
Lymphopenia was present in 37-81% of MIS-C patients
[2-10, 23], whereas in patients with KD, it was rare. How-
ever, thrombocytopenia and the ratio of neutrophils are
common risk factors of refractory KD in the acute phase
[28]. In addition, the laboratory characteristics were dif-
ferent according to age [30]. Thrombocytosis is a char-
acteristic feature of the convalescent KD. The majority
of patients with MIS-C presented with thrombocytope-
nia< 150 x 10%/L [2-10]. Another characteristic of patients
with MIS-C is a marked increase in the biochemical
markers of cardiac injury, including troponin T and brain
natriuretic peptide (BNP) [2-10, 15, 16, 23], whereas these
indexes increase only slightly in children with KD, which
indicates that children with MIS-C may have more seri-
ous cardiac involvement [15, 16]. Highly elevated ferritin
and D-dimer were widely reported in children with MIS-
C, which was also similar to that of the MAS [2-10, 23,
25]. These findings are uncommon in classic KD and may
help to differentiate these two diseases. However, some
researchers reported that risk factors for coronary artery
disease in patients with KD include elevated D-dimer
levels [31, 32]. The most characteristic laboratory test of
MIS-C is the one that confirms the SARS-CoV-2 infection,
including a positive SARS-CoV-2 DNA RT-PCR or a posi-
tive antibody test. Most patients with MIS-C (75-100%)
have IgG antibodies for SARS-CoV-2, but only a few tested
positive for RT-PCR with nasopharyngeal and oropharyn-
geal swab sampling [2-10, 23]. These results suggest that
MIS-C is not the result of acute viral infection, but the
virus is the inducing agent for the uncontrolled immune
response in susceptible children [17, 33]. Compared to
the peak of SARS-CoV-2 infection, the cases of MIS-C
appeared late in some countries. This clinical phenomenon
also supports the above hypothesis [34] (Table 1).
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Table 1 Differences of multiple inflammatory syndrome in children associated with COVID-19 and Kawasaki disease

Items MIS-C KD
Age Median age: 6-10 years 76% cases <5 years
Sex More common in male Male: female about 1.5:1

Ethnic distribution

High proportion of African ethnicity or ancestry, as
well as Hispanic subjects

Asian children have the
highest incidence in the

world
Clinical features
Fever 100% 100%
Rash 50-75% Above 90%
Mucous membrane involvement 60-94% Above 90%
Conjunctivitis 48-69% Above 90%
Hands and feet erythema/edema 26-68% About 75%
Cervical lymphadenopathy 30-70% 50-70%
Classic and incomplete KD presentation 25-65.5% 100%
Shock (KDSS) 33-87% 2-7%
MAS 3-50% 1.1-1.9%
Other clinical features
Gastrointestinal symptoms 60-100% Rare
Respiratory distress 12-46% Rare
Cardiac manifestation 18-87% Rare
CAA 14-36% 4%
Laboratory features
Lymphopenia 37-81% Rare
Platelets Decreased Increased
Level of inflammatory markers Noticeably increased Increased
Troponin T More common Rare
BNP Marked increased Mild increased
Ferritin Highly elevated Normal
D-dimer Significantly increase Normal
SARS-Cov2 positive (serology or PCR) 80-100% None
Treatment
Intropes/vasopressors 25-100% Rare
Mechanical ventilation 13-57% Rare
Aspirin 3-28% Very rare
ECMO In some cases (0%-75%) 100%
IVIG 54-100% 100%
Steroid 20-83% In some cases
Biologic drugs 7-80% Occasionally reported
Outcomes
Mortality About 2.1-18% About 0.17%

MIS-C multiple inflammatory syndrome in children, MAS macrophagic activation syndrome, CAA coronary artery aneurysm, /VIG intravenous
immunoglobulin, KD Kawasaki disease, PCR polymerase chain reaction, ECMO extracorporeal membrane oxygenation, KDSS Kawasaki dis-

ease shock syndrome, BNP brain natriuretic peptide

Treatment of MIS-C and KD: similarities
and differences

The standard recommended treatment for KD is a high dose
of intravenous immunoglobulin (IVIG), i.e., 2 g/kg as a
single infusion, along with a moderately high dose of ace-
tylsalicylic acid (ASA). The infusion time is recommended
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to be over 10-12 h [26]. Nearly 10-20% of the KD cases
are refractory. Generally, fever develops or persists for 36 h
after IVIG infusion. Administration of the second dose of
IVIG, high-dose pulse steroids, or infliximab may be con-
sidered in patients having refractory KD as per the AHA
guidelines [28]. However, current treatment strategies of
MIS-C are empirical and do not have enough evidence.
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Treatment strategies include symptomatic and supportive
therapy, along with immunomodulatory treatment. Because
the patients with MIS-C were more serious than those with
KD, most of them were hospitalized in the intensive care
unit (ICU), where 25-100% needed inotropic support or
vasopressors [2—-10, 23, 25]. Currently, it is suggested that
immune-mediated damage triggered by SARS-CoV-2 infec-
tion, other than the virus itself, leads to MIS-C. 13-57% of
patients with MIS-C receive invasive mechanical ventila-
tor support. Also, ECMO support was used in 3-28% of
patients with MIS-C [2-10]. However, all the above-men-
tioned life support therapies were rarely required in patients
with KD. Because children with MIS-C showed KD-like
symptoms, a majority (ranging from 54 to 100%) of them
received IVIG. Also, the response to IVIG was worse in
patients with MIS-C than with the KD. Most of the chil-
dren with MIS-C (about 20-83%) needed a second dose of
IVIG or steroids [2-10, 15, 16, 23, 25]. Also, the efficacy
of acetylsalicylic acid (ASA), the traditional drug used to
treat KD, in MIS-C was uncertain. Some studies reported
that 75% of the patients with MIS-C received ASA [2-10,
23]. It is rational to provide antiplatelet treatment along with
a low dose of ASA for MIS-C patients who have evidence
of coronary involvement [14—-16]. For the patients with KD
who are refractory to first-line of IVIG therapy, a combina-
tion or steroid-free treatment with biological drugs, such as
infliximab, should be considered [28]. The release of exces-
sive pro-inflammatory cytokines occurs in both MIS-C and
KD cases, and the “cytokine storm” is found in adults with
SARS-CoV-2, too. Frequently, about 7-80% of biologi-
cal drugs are added as a supplemental therapy for MIS-C
patients, especially for those with clinical features consist-
ent with those of the MAS [2-10, 13, 14, 23, 35] (Table 1).

Outcomes of MIS-C and KD: similarities
and differences

Most children with KD have a good prognosis, where the
in-hospital mortality rate is about 0.17%, and 0.015% in
Japan [28]. The long-term clinical outcomes of MIS-C are
not clear because it is a new syndrome that is relevant to
the SARS-CoV-2 infection. The in-hospital mortality rate
of MIS-C varied greatly with different centers. Although
some studies reported no deaths in the series of cases with
MIS-C, other studies reported a mortality rate of up to 18%
[10] (Table 1).

Conclusions

A new syndrome in children known as MIS-C, related to
the infection with SARS-CoV-2, has recently been reported
in many countries and regions with a global COVID-19

pandemic. MIS-C shares many clinical features with KD.
However, there are still great differences between both the
syndromes, and it is controversial to say whether MIS-C is
a new entity or a “severe type” of KD [35, 36]. The char-
acteristics of COVID-19 infection in children and the pos-
sible mechanistic links between COVID-19 and KD require
further studies from a global perspective.

However, at present, it is difficult to identify clearly
between “severe type” of KD and MIS-C because the “severe
type” KD is very rare in patients with KD. Only 2-7% of
children with KD developed shock [28], and 1.1-1.9% of
children are associated with MAS [29], which is the limita-
tion of the present review. However, accumulated experi-
ences in the management of severe cases of KD will make it
probable to differentiate “severe type” of KD from MIS-C.
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