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Abstract

Background and objectives: Children suffering from coronavirus disease (COVID-19) usually present with mild
symptoms and show lower mortality rates than adults. However, there have been several recent reports of more
severe hyperinflammatory presentation in pediatric COVID-19 patients. This review article aims to summarize the
current literature available on the main clinical features and management approaches of multisystem inflammatory
syndrome in children (MIS-C).

Methods: The authors searched different indexing databases for observational and interventional studies using
search terms including “Coronavirus, COVID-19, pediatric, MIS-C, Kawasaki, and inflammation. The retrieved publi-
cations were further assessed for relevance to the topic. Only relevant articles were included in writing this review
article.

Main body: Multisystem inflammatory syndrome in children (MIS-C) is a hyperinflammatory syndrome temporally
related to severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection in pediatrics. It is characterized by
persistent fever, rash, elevated inflammatory markers, and multiorgan failure with increasing rates of cardiovascular
and gastrointestinal involvement. The exact pathophysiologic mechanisms of MIS-C are still unknown, but it is postu-
lated to be due to an exaggerated immune response to SARS-CoV-2 infection. Multisystem inflammatory syndrome
in children is diagnosed by exclusion of other underlying causes of organ failure. There is a lack of clinical evidence on
the management of MIS-C. The current guidelines depend mainly on expert opinion based on the management of
other hyper-inflammatory syndromes in children. Patients suffering from MIS-C are treated with intravenous immuno-
globulin (IVlg), corticosteroids, infliximab, tocilizumab, and anakinra.

Conclusions: Despite the growing reports on COVID-19 in children, there is still a lot to elucidate on the pathophysi-
ology, diagnosis, and subsequent management of MIS-C. Further trials are needed to investigate new approaches to
manage MIS-C. Specific evidence-based guideline for management of MIS-C should be tailored to the current avail-
able information on MIS-C.
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Background

Cases of coronavirus disease (COVID-19) were first
reported in later 2019 in China. Coronavirus disease
(COVID-19) is caused by severe acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2), a member of beta-
coronavirus family [1]. In March 2020, the World Health
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Organization (WHO) declared COVID-19 a pandemic.
Infection by SARS-CoV-2 is mostly asymptomatic. Some
patients may develop mild-to-moderate respiratory
symptoms. A minority of patients develop severe dis-
ease. The risk of severe COVID-19 increases in elderly,
immune compromised patients, and those suffering from
chronic comorbidities. Previous reports of SARS-CoV-2
infection indicated that young children were spared from
severe infection [2, 3].
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The main mode of transmission of SARS-CoV-2 infec-
tion is via respiratory droplets [4]. Early reports during
the pandemic suggested children have milder symptoms
during acute infection. Pediatric COVID-19 typically
presents with mild symptoms such as cough, fever, sore
throat, and diarrhea. Children present with less frequent
lower respiratory tract symptoms and show lower mor-
tality rates as compared to adults [5]. Although COVID-
19 in children is usually mild, a rare novel post-COVID
syndrome known as multisystem inflammatory syn-
drome in children (MIS-C) has been reported recently
in children and adolescents. MIS-C was reported to be
similar to other hyper-inflammatory syndromes in chil-
dren such as Kawasaki disease shock syndrome and toxic
shock syndrome. The main differences between Kawasaki
disease and MIS-C are summarized in Table 1 [1, 6].

Multisystem inflammatory syndrome in children (MIS-
C) is defined as a clinically severe illness that needs
hospitalization with fever, elevated inflammatory mark-
ers, and multisystem organ dysfunction in patients with
recently proven or probable SARS-CoV-2 infection, and
in the absence of an alternative underlying cause [7]. The
pathogenesis of MIS-C is unknown, and a post-infectious
etiology has not been proven. SARS—CoV-2 antibod-
ies are detectable in the second week after infection. A
recent study reported that patients with MIS-C show
decreased neutralizing antibody activity against SARS—
CoV-2, compared with adults with COVID-related acute
respiratory distress syndrome (ARDS) and adults with
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mild disease [8]. The virus is generally not detected in
the respiratory tract of patients with MIS-C. There is not
enough data on presence of SARS—CoV2-specific T cells
in peripheral blood of MIS-C patients, and the biological
role of SARS—CoV-2-reactive T cells, whether protective
or even detrimental, is still unclear [9, 10].

According to the centers of disease control (CDC), the
diagnostic criteria of MIS-C are children aged less than
21years with the following clinical criteria: minimum
24-h of fever of at least 38°C and severe illness requiring
hospital admission and with more than 2 organ-system
involvement. At least one laboratory evidence of inflam-
mation should be present including an elevated C-reac-
tive protein, erythrocyte sedimentation rate, fibrinogen,
procalcitonin, D-dimer, ferritin, lactate dehydrogenase,
or interleukin-6; elevated neutrophils; or reduced lym-
phocytes or decreased albumin. There should be labora-
tory or epidemiologic evidence of SARS-CoV-2 infection
in the absence of an alternative diagnosis [7].

Management of mild COVID-19 in children without
symptoms of dyspnea or impaired feeding includes home
isolation with use of paracetamol for supportive con-
trol of fever, proper hydration and antibiotic therapy for
patients showing signs of secondary bacterial infection.
Severe cases require intensive care admission to maintain
oxygen saturation greater than 92% measured by pulse
oximetry and to maintain hemodynamic stability. Severe
cases with suspected sepsis need empirical antibiotic
therapy within an hour of admission [11].

Table 1 The major differences between Kawasaki disease and multisystem inflammatory syndrome in children

Characteristics Kawasaki disease

Multisystem inflammatory syndrome in children

Age of presentation Less than 5years

Gender Male > female
Fever Present
Cutaneous sign Seen in most patients
Lymphadenopathy More common

Hemodynamic instability
and ICU support

Cardiovascular complication
Predominant symptoms

Inflammatory markers Neutrophilic leukocytosis is usual

Organ dysfunction Multiorgan dysfunction is not common

Etiology No identifiable cause

Management
blockers

Less than 5% of patients develop shock syndrome
Symptomatic myocarditis is not common

Gastrointestinal symptoms are not prominent

Intravenous immunoglobulin; steroid; interleukin-1

Children aged 8-10years
Male > female

Present

Seen in <50% of patients
Not common

Present in almost all patients

Cardiac dysfunction is seen at presentation; severe myocar-
ditis and pericarditis are more common

Gastrointestinal manifestations (abdominal pain, diarrhea)
present in >80% patients

Lymphopenia is common; cytokine storm is more severe;
extremely high levels of N-terminal brain natriuretic pep-
tide, Troponins and D-dimer

Multiorgan dysfunction seen

Post-infectious syndrome. SARS-CoV-2 serology is usually
positive; in seronegative patients, there is usually history of
contact with an individual having COVID-19 infection

Intravenous immunoglobulin; steroids; interleukin-1 block-
ers; interleukin-6 inhibitors

SARS-CoV-2 severe acute respiratory syndrome coronavirus type 2, COVID-19 coronavirus disease
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Remdesivir is approved for management of COVID-
19 children aged >12years and weighing >40kg with
a loading intravenous dose of 200mg infused over
30-120min followed by 100mg intravenous every day.
Remdesivir is also available for younger children (and
those weighing <40kg and>3.5kg) through an FDA
Emergency Use Authorization [11]. Alternative antivi-
ral therapy includes lopinavir/ritonavir combination at
a dose of 10mg/2.5mg per kg twice daily for maximum
14 days; maximum dose is 400mg/100mg twice daily
[12]. Hydroxychloroquine showed anti-SARSCoV-2
activity in in vitro studies. It is indicated in confirmed or
suspected COVID-19 with severe pneumonia or critically
ill patients at a dose of 7-8 mg/kg twice daily for day 1
and then days 2—5, 7-8 mg/kg once a day [13].

The American College of Rheumatology (ACR) guide-
lines for treatment of MIS-C recommends the use of
intravenous immunoglobulin (IVIg) and/or high-dose
corticosteroids as first-line therapy in MIS-C patients.
Approximately 30-80% patients require adjunctive
immunomodulatory therapy to control inflammation.
Multiple intravenous pulse methylprednisolone (10—
30mg/kg/day for 3-7days followed by gradual taper-
ing of oral prednisolone) is beneficial. Other therapeutic
options include second dose of IVIg, infliximab, anak-
inra, and tocilizumab. The ACR guidelines recommended
the use of anakinra as a steroid-sparing agent for children
with contraindications to long term corticosteroid regi-
mens. However, no recommendations regarding the use
of other steroids-sparing agents were made [14].

The number of reported MIS-C cases is increasing. The
clinical definition and diagnostic criteria of MIS-C are
preliminary. Management of MIS-C is derived empiri-
cally from management of similar hyperinflammatory
disorders. The treatment outcomes are unclear in this
setting especially with increased rates of cardiovascular
involvement. This review is constructed to demonstrate
the current evidence available on the clinical presenta-
tion, laboratory findings, management, and clinical out-
comes of MIS-C in literature.

Methods

The authors searched several indexing scientific data-
bases including Clarivate, PubMed, and Embase for both
observational and interventional studies involving MIS-C
patients. The retrieved articles were assessed for rele-
vance to the aim of this review article. Relevant articles
were thoroughly read and summarized.

Results

Association between COVID-19 in children and MIS-C
Several studies have demonstrated the temporal rela-
tionship between development of MIS-C and previous
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SARS-CoV-2 infection. Verdoni et al. divided the patients
presenting with Kawasaki-like symptoms to the pedi-
atrics’ department in a single hospital in Italy over a
period of 5years starting January 2015 into 2 groups
based on the onset of symptoms either before or after
the SARS-CoV-2 outbreak. Eighty percent of those who
developed Kawasaki-like symptoms after COVID-19 out-
break tested positive for SARS-CoV-2 IgG, IgM, or both
[15]. In the UK, 29 patients were admitted to two hos-
pitals between March and June 2020. Patients’ link with
COVID-19 was established in 24 cases. The increase in
incidence of MIS-C was lagging by 4weeks after the first
surge of COVID-19 [16].

Similarly, an increase in incidence of Kawasaki- like
symptoms in children presenting to the pediatrics’
department in a university hospital in Paris was reported
(17 cases in 11days after COVID-19 outbreak versus 1
case per 2-week period over 2018-2019). Eighty-two per-
cent of those presenting with Kawasaki-like symptoms
since April 2020 suffered from SARS-CoV-2 confirmed
infection [17]. In India, 19 out of 21 MIS-C patients
showed positive SARS-CoV-2 current or previous infec-
tion using either polymerase chain reaction or SARS-
CoV-2 antibody detection tests. The other two patients
came from containment zones of COVID-19 [18].

Diorio et al. studied the main hematologic and immu-
nologic parameters that distinguish between severe
COVID-19 and MIS-C in a cohort of 20 patients. Higher
TNF-a and IL-10 discriminated between patients with
MIS-C and severe COVID-19. The presence of burr cells
on blood smears differentiated between patients with
severe COVID-19 and those with MIS-C [19].

Clinical characteristics, demographic features,

and laboratory findings of MIS-C

Several studies focused on the differences in patients’
characteristics and clinical presentation between those
suffering from Kawasaki disease and MIS-C patients [15,
17, 20]. In Italy, patients who developed Kawasaki-like
symptoms after the COVID-19 outbreak had higher inci-
dence, more cardiac involvement, higher need for steroid
treatment, and were older compared to those who devel-
oped Kawasaki-like symptoms before February 18, 2020
[15]. Toubiana et al. reported that cases presenting with
Kawasaki-like symptoms after the COVID-19 outbreak
in Paris showed higher incidence of gastrointestinal
involvement and increased risk of developing Kawasaki
disease shock syndrome. Moreover, African ancestry was
associated with increased incidence of Kawasaki- like
symptoms after COVID-19. Patients responded favorably
to IVIg administration alone or in combination with cor-
ticosteroids [17].
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Kaushik et al. studied the clinical characteristics and
outcomes of SARS-CoV-2-associated MIS-C retrospec-
tively in 33 children. Data was collected from 3 different
hospitals in New York. The cohort studied had a median
age of 10years. The majority of children with MIS-C
were males. Forty-five percent of the patients had other
comorbidities. Patients frequently presented with fever,
nausea, vomiting, abdominal pain, and hypotension.
Sixty-three percent of patients suffered from a decreased
left ventricular ejection fraction. All patients had elevated
inflammatory markers including C-reactive protein,
D-dimer, procalcitonin, and pro-B-type N-natriuretic
peptide [21].

A survey was conducted to assess the differences in
MIS-C patients’ evaluation and management in 40 differ-
ent US hospitals. All hospitals required fever and organ
involvement as parts of MIS-C diagnosis. Previous con-
tact with SARS-CoV-2 patient during the 4 weeks preced-
ing symptoms onset was enough for associating MIS-C
symptoms to COVID-19. During patient evaluation,
polymerase chain reaction testing of nasopharyngeal
swabs was done for all patients to confirm SARS-CoV-2
infection. Routine laboratory testing included complete
blood picture, liver function tests, kidney function tests,
metabolic panel, C-reactive protein, and erythrocyte sed-
imentation rate. Tests to check for inflammatory mark-
ers’ levels, cardiovascular involvement, and coagulopathy
were performed in select patients. Exclusion of other
infectious diseases was routinely recommended [22].

A multicenter cohort study of 5 Latin American coun-
tries (Mexico, Colombia, Brazil, Costa-Rica, and Peru)
included 409 confirmed cases of pediatric SARS-CoV-2
of whom 95 cases fulfilled the CDC criteria for diagnosis
of MIS-C. The median age of patients was 3years. Fifty-
four percent of the cohort were males. Forty-six percent
of patients needed hospital admission. Determinants of
need for pediatric intensive care admission include low
socioeconomic status, lower respiratory tract infection,
gastrointestinal involvement, pre-existing comorbidities,
and immunodeficiency [23].

An observational case series in a tertiary hospital in
India described the clinical and demographic charac-
teristics of 21 MIS-C patients presenting to the pediat-
ric intensive care unit. Patients presented at a median
age of 7years. Eleven patients were females. Patients
complained from fever mainly followed by gastrointes-
tinal symptoms, respiratory distress, and macular rash.
Eighty percent of patients suffered from lymphocytope-
nia. Inflammatory markers were elevated in all patients
including C-reactive protein and serum ferritin together
with elevated D-dimer levels [18].

In the UK, a cohort of 29 patient showed that two
thirds of admitted cases were males. Children of black,
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Asian, and other minority ethnic background were at
higher risk of developing MIS-C compared to Cauca-
sians. The median age of MIS-C patients was 6years. The
chief complaint in all patients was fever. Gastrointestinal
and dermatologic involvement was common. Twenty-
three patients suffered from lymphopenia. In addition to
elevated C-reactive protein, serum ferritin, and D-dimer,
some patients had elevated triacylglycerol levels and
transaminases. The majority of children showed cardiac
involvement [16].

A retrospective cohort was performed in a single
tertiary hospital in the UK to assess the clinical find-
ings in children referred to cardiology consultation
with confirmed MIS-C. Fifteen patients over a period
of 1 month with a median age of 8.8 years met MIS-C
diagnostic criteria. The majority of patients were males
and all of them were of black, Asian, and other minority
ethnic background. All patients suffered from pyrexia
and more than 80% reported gastrointestinal involve-
ment. Patients had significantly elevated inflammatory
markers (ferritin, erythrocyte sedimentation rate, and
C-reactive protein) and cardiac markers (troponin I,
creatine kinase, and pro-B-natriuretic peptide). Sixty
percent of the patients had echocardiographic abnor-
malities [24].

Saleh et al. conducted an observational cohort
of 398 Egyptian children suffering from confirmed
COVID-19. Four patients met the diagnostic criteria
of MIS-C. In addition to severe respiratory symptoms,
the four patients suffered from bilateral conjunctivi-
tis and maculopapular rash. They had elevated liver
transaminases, ferritin, and lactate dehydrogenase
levels. Moreover, two patients showed coronary dila-
tation and left ventricular dysfunction in echocardio-
graphic studies [25].

A single-center study showed that 5 (4 males and 1
female) of 88 children suffering from COVID-19 met
the diagnostic criteria of MIS-C. The patients’ age
ranged between 8 and 11 years. They had normal echo-
cardiographic findings but complained of abdomi-
nal pain, dehydration, and rash [26]. Mahmoud et al.
described a group of 64 MIS-C patients. Eighty-six per-
cent of patients presented with cardiac abnormalities
while 78% showed gastrointestinal involvement [27].

A retrospective cohort of 44 MIS-C patients inves-
tigated the clinical and biochemical features of liver
involvement and their correlation to disease severity.
Hepatitis was reported to be related to more severe
manifestations of MIS-C. Liver involvement was asso-
ciated with higher rates of shock, longer hospitaliza-
tion, and higher need for ventilatory support. Patients
with hepatitis had significantly higher inflammatory
markers [28].
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Management and clinical outcomes

The current management recommendations for MIS-C
are based on treatment guidelines of similar hyperin-
flammatory diseases such as Kawasaki disease and toxic
shock syndrome. Dove et al. described the management
approach of MIS-C patients in 40 US hospitals. The most
commonly used treatment option was IVIg regardless
of disease severity. A second dose of IVIg was recom-
mended in cases refractory to the first dose. Aspirin was
used for mild to moderate cases while corticosteroids
were saved for moderate or severe symptoms. Antico-
agulation using unfractionated or low molecular weight
heparin was applied to severe cases. Anakinra and vaso-
pressors were used for severe cases. The majority of
hospitals recommended follow-up similar to Kawasaki
disease. Speciality follow-up visits included cardiology,
rheumatology, infectious diseases, and hematology [22].
In 3 New York hospitals, patients were treated using
IVIg, corticosteroids, tocilizumab, and remdesivir with
favorable clinical response. Patients required a median
pediatric intensive care unit stay of 4.7 days and a hospi-
tal stay of 7.8 days [21].

A cohort in an Indian hospital reported that most
patients needed respiratory support and vasopressors.
Corticosteroids were the first line therapy in this hospi-
tal followed by IVIg due to cost issues. Tocilizumab was
saved for severe cases that did not respond to steroids
and IVIg. Two patients (out of 21) died due to MIS-C
associated cardiac dysfunction. Five patients needed
transient insulin treatment while 2 patients needed high
glucose infusion for hypoglycemia [18]. In a retrospective
cohort of 44 children, liver involvement was associated
with more severe presentation and worse clinical out-
come. One patient suffered from liver failure and needed
vasopressors, dialysis, and mechanical ventilation to
manage subsequent multiorgan failure [28].

Felsenstein et al. described management of 29 MIS-C
patients with a single dose or 2 doses of IVIg alone or
in combination with methylprednisolone followed by
short prednisolone taper. One patient needed addition of
anakinra and one patient needed addition of infliximab
to IVIg and steroids combination. All patients clinically
improved. Patients were followed-up for 2weeks after
presentation. Forty-one percent of patients had persis-
tent symptoms on the 2-week follow-up [16].

Fifteen children with confirmed MIS-C and cardiac
involvement were treated primarily using IVIg. Five
patients received intravenous methylprednisolone.
None of the patients needed anticoagulation nor aspi-
rin. The median duration of hospitalization was 12 days.
More than 80% of the patients showed stable clinical and
echocardiographic findings on follow-up [24]. Shahin
et al. reported full recovery of 5 MIS-C patients upon
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management using antiplatelets, IVIg, and pulse ster-
oid therapy [26]. On the other hand, Mahmoud et al.
reported 9% mortality among MIS-C in-patients treated
with IVIg and methylprednisolone (100% and 94%,
respectively) [27].

Hypercoagulability and thromboembolic events

Novel COVID-19 patients generally have a higher risk
of thromboembolic complications. Del Borrello et al.
shared their experience in managing hypercoagulability
in a prospective cohort of 35 hospitalized SARS-CoV-2
pediatric patients. Patients were divided into 2 groups: a
group of 30 children were admitted due to SARS-CoV-2
infection but were not meeting MIS-C diagnostic crite-
ria, and a group of 6 children were diagnosed as MIS-C
patients. D-dimer levels were consistently elevated
in COVID-19 patients regardless of disease severity.
D-dimer levels changed over the course of the disease
with slight elevation during periods of symptoms wors-
ening. Patients meeting MIS-C diagnostic criteria had
a significantly higher median D-dimer level compared
to COVID-19 patients (1906 versus 817 ng/mL, respec-
tively). Moreover, a D-dimer level greater than 1000 ng/
mL was an appropriate cutoff value to differentiate
between MIS-C patients and COVID-19 cases with a
100% sensitivity and 83.3% specificity. Prophylactic anti-
coagulation was initiated in 6 patients and continued till
patient discharge or resolution of thromboembolic risk,
whichever achieved first. Four patients received enoxa-
parin while 2 patients received unfractionated heparin.
None of the patients developed bleeding nor thrombo-
embolic complications [29].

Discussion

Several studies have demonstrated the temporal rela-
tionship between development of MIS-C and previous
SARS-CoV-2 infection [15-18]. The time-lag between
COVID-19 diagnosis and development of MIS-C and the
delay of the surge of MIS-C cases after the community
peak in COVID-19 incidence support the hypothesis that
MIS-C is a heightened inflammatory response to SARS-
CoV-2 infection. Patients suffering from MIS-C had con-
siderably higher TNF-a and IL-10 levels compared to
severe COVID-19 patients [19]. The higher TNF-«a level
in MIS-C patients could be an attractive for future inves-
tigation of the use of infliximab as an anti-TNF agent for
the management of MIS-C.

Studies focusing on the main differences in demo-
graphics and clinical manifestation between patients
with Kawasaki disease and MIS-C patients showed that
patients suffering from MIS-C were older with males
being at higher risk of developing MIS-C than females.
Patients with MIS-C presented with fever and had higher
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incidence of cardiovascular and gastrointestinal involve-
ment [15, 17, 18, 20, 21].

The exact reason for higher risk of development of
severe post-COVID-19 complications in males com-
pared to females is still unknown. One of the proposed
potential reasons is the difference in expression of angi-
otensin-converting enzyme-2 (ACE-2) receptor which
plays a protective role against COVID-19. Males showed
lower expression of ACE-2 receptor. Female sex hormone
(estrogen) is implicated in higher expression of cardio-
protective ACE-2 receptor [30]. Similarly, the older age of
children suffering from MIS-C could be attributed to the
difference in ACE-2 expression and the levels of circulat-
ing angiotensin [31]. The increased rate of cardiovascu-
lar involvement in MIS-C could be attributed to higher
levels of circulating interleukin-6 and CRP which were
associated with cardiomyopathy in bacterial infections
[32]. Moreover, coronary artery dilatation observed in
some MIS-C and Kawasaki disease patients could be due
to coronary vessels damage caused by neutrophil activa-
tion as a response to circulating immune complexes [33].

Patients with MIS-C respond favorably to treatment
with IVIg alone or combined with intravenous corti-
costeroids. Remdesivir is used for patients with active
COVID-19 infection. Anti-inflammatory agents such as
tocilizumab, infliximab, and anakinra are added in severe
and refractory MIS-C cases. In addition, hemodynamic
support and oxygen supplementation are provided to
select patients when required. Both adult and pediatric
patients suffering from novel COVID-19 show higher
susceptibility to thromboembolic events. Similarly,
patients suffering from MIS-C had significantly elevated
D-dimer levels [29].

Conclusions

Despite the growing reports on COVID-19 in children,
there is still a lot to elucidate on the pathophysiology,
diagnosis, and subsequent management of MIS-C. Col-
laboration between pediatricians, pediatric intensivists,
cardiologists, infectious disease specialists, and immu-
nologists is essential to address diagnosis and manage-
ment of MIS-C. Further studies are needed to advance
our understanding of the pathophysiology of MIS-C and
the mechanisms underlying cardiovascular involvement
which would help developing new strategies to manage
MIS-C. The hypothesis of being an immune-mediated
injury due to SARS-CoV-2 infection necessitates investi-
gating the risk of MIS-C being precipitated by COVID-19
vaccines before initiating mass vaccination in children.
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