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ARTICLE INFO ABSTRACT

Keywords: Background: The prevalence and severity of COVID-19 are greatly reduced in children, yet some pediatric patients
MIS-C develop a syndrome resembling Kawasaki Disease (KD), termed Multisystem Inflammatory Syndrome in Children
SARS-CoV-2 (MIS-C). With an estimated incidence of 2/100,000 children, MIS-C is relatively rare but can be fatal. Clinical
COVID-19 . . : . . .
. features can include fever, hyperinflammatory state, gastrointestinal symptoms, myocardial dysfunction, and
Kawasaki Disease . . s .
shock. The pathogenesis of MIS-C, although yet to be completely elucidated, appears to be distinct from KD in
terms of epidemiology, severity, and biochemical signature.
Aim of Review: Although efficacy of treatments for MIS-C have largely not yet been investigated, we aim to
conduct a comprehensive literature search of numerous medical databases (AMED, EBM Reviews, Embase,
Healthstar, MEDLINE, ERIC, and Cochrane) to highlight treatments used around the world, their rationale, and
outcomes to better inform guidelines in the future. Using the findings, an approach to MIS-C management will be
outlined.
Key Scientific Concepts of Review:

MIS-C appears to be a SARS-CoV-2 related post-infection phenomenon that is distinct from Ka-

wasaki disease.

Although outcomes are largely favorable, there is significant variation in MIS-C treatment. Most

management regimens reported to date mirror that of KD; however, targeted therapy based on

specific MIS-C phenotypes may have the potential to improve outcomes.

e We recommend close monitoring by a multidisciplinary team, symptomatic treatment (e.g.,
intravenous immunoglobulin for KD-like symptoms, steroids/immunotherapy for multisystem
inflammation), and long-term follow-up.

e Further research is required to evaluate the effectiveness of current MIS-C treatments and to

determine more refined therapies.

on March 11, 2020 [2]. As of March 2021, there have been over 116
million confirmed cases and just over 2.5 million deaths worldwide [5].

1. Introduction

A novel coronavirus was identified in early January 2020 [1] as the
causative agent for a cluster of pneumonia cases reported in Wuhan,
China on December 31, 2019 [2]. This virus was named Severe Acute

1.1. Virus structure and pathophysiology

Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) in February 2020 by
the International Virus Classification Commission [3]. The World Health
Organization (WHO) termed the disease resulting from the virus as
Coronavirus Disease 2019 (COVID-19) [4] and declared it a pandemic

SARS-CoV-2 is an enveloped, single stranded, zoonotic RNA virus
that is part of the Coronaviridae family, order Nidovirales [6,7]. These
groups of viruses have a characteristic crown-like resemblance when
viewed using electron microscopy [8], with the spike (S) protein, which
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is responsible for host cell receptor binding and membrane fusion,
forming the spikes of the “crown” [9]. Seven viruses in this family are
known to infect humans, four of which cause mild, self-limiting respi-
ratory symptoms (229E, NL63, HKU1, and OC43) [10]. However, three
coronaviruses are known to cause severe respiratory illness in in-
dividuals: severe acute respiratory syndrome coronavirus (SARS-CoV),
Middle East respiratory syndrome coronavirus (MERS-CoV), and the
novel SARS-CoV-2 [3,10]. SARS-CoV-2 enters the host cell similar to
SARS-CoV, through binding to the angiotensin-converting enzyme 2
(ACE2) receptor [11] via its S protein [12,13]. The ACE2 receptor is a
membrane bound protein expressed by vascular endothelia, renal and
cardiovascular tissue, and epithelia of the small intestine [14-16].
However, recent studies show that the novel virus is able to interact
more efficiently with the ACE-2 receptor than SARS-CoV [17,18]. Injury
to cells occurs due to the host’s dysregulated innate and adaptive im-
mune system [19].

1.2. Pediatric transmission of SARS-CoV-2

COVID-19 has been shown to be less common in children thus far,
with large countries such as the United States and China reporting an
approximate pediatric case rate of 2% [20-24]. Working theories as to
why children are less likely to be affected include antibody protection
from frequent common mild human coronavirus strains during child-
hood, the age group having fewer comorbidities, and a potentially
different immunological response than in adults resulting in a lower
chance of progression to acute hyperinflammatory states [25]. Another
theory is that infection rates are lower in pediatric patients due to a
relative paucity of ACE-2 receptors, to which the virus attaches [26,27].
Interestingly, the numbers are slightly higher in Canada, with overall
7.7% of COVID-19 cases being in children as of July 23, 2020 [28]. This
may be due to increased community testing, which could, in turn, cap-
ture more cases of children with mild symptoms or that are
asymptomatic.

1.3. Signs and symptoms of SARS-CoV-2

In adults, common symptoms include fever, headache, cough,
myalgia, shortness of breath, and fatigue [24,29,30]. Patients with se-
vere symptoms often present to the healthcare system in the second
week of the illness, a time when viral loads are decreasing while
inflammation markers are rising [30-32], suggesting that the dysregu-
lated immune response is culpable for the observed tissue damage. In
children, SARS-CoV-2 presents differently, often with fever, cough, fa-
tigue, headache, rhinitis, diarrhea, dyspnea, cyanosis, and even poor
feeding [33,34]. Overall, children tend to have more mild clinical
symptoms than adults [21]. According to data from China, only 5.9% of
children who have confirmed SARS-CoV-2 develop severe symptoms,
and 0.6% present with acute respiratory distress syndrome (ARDS) or
multi-organ dysfunction, in comparison to the 18.5% reported in adults
[21]. These differences again may be explained by the same theories that
try to address the transmissibility discrepancy between adults and
children discussed above.

Thankfully, mortality in children remains low. In one multicenter
cross-sectional study of PICUs in the USA and Canada, the in-hospital
mortality rate was 4.2% [35], which likely overestimates the overall
mortality rate as it stems from patients in an acute setting. As of March
10, 2021, the United States reported 217 deaths (0.0426%) in patients
0-17 years old [36]. In Canada, only 4 pediatric patients have passed
away from COVID-19 as of March 5, 2021 [28]. Globally, pediatric
deaths due to SARS-CoV-2 are also rare [37-40]. However, the disease
course in children is not entirely benign as severe complications have
been noted.
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1.4. Multisystem inflammatory syndrome temporally associated with
SARS-CoV-2

On April 27, 2020, the United Kingdom reported a cluster of eight
severely ill pediatric cases displaying a phenotype which resembled a
combined state of incomplete Kawasaki Disease (KD) and Toxic Shock
Syndrome (TSS), including signs of circulatory shock and an overall
hyperinflammatory state [41]. Although all children tested negative for
SARS-CoV-2 on bronchoalveolar lavage or nasopharyngeal aspirates,
four were known to be exposed to COVID-19 within their household
previously. The likelihood of the children having contracted the virus
recently, in combination with the lack of active infection, caused
healthcare professionals to suspect that the hyperinflammatory state is
not part of the active COVID-19 process, but rather, a post-infectious
phenomenon [41]. The condition was termed multisystem inflamma-
tory syndrome in children (MIS-C) [20,42], also referred to as pediatric
inflammatory multisystem syndrome temporally associated with SARS-
CoV-2 (PIMS-TS) [43], amongst other names [44]. The Canadian Pae-
diatric Surveillance Program (CPSP), Royal College of Paediatrics and
Child Health (RCPCH) in the United Kingdom, Centre for Disease Con-
trol (CDC) in the United States, and WHO have each determined a case
definition for the syndrome (see Table 1), with commonalities being
fever, clinical evidence of inflammation, and single or multi-organ
involvement.

What is perhaps the most worrisome feature of MIS-C is the syn-
drome’s cardiac involvement. This includes abnormal left ventricular
systolic and diastolic function with severity following the patient’s
clinical status, myocarditis leading to pericardial effusions, and coro-
nary artery aneurysms [41,45-47]. Additionally, cardiac markers such
as troponins and BNP/N-terminal pro-BNP were elevated in up to 90% of
cases [41,45,48-51]. Even the development of arrhythmias has been
observed in a small percentage of cases [41].

1.5. How does MIS-C differ from the inflammatory effect seen in adults?

In adult patients with severe COVID-19, a strong inflammatory
response consistent with cytokine storm has been reported [29]. The
cytokine storm plays a critical role in the development of ARDS, sys-
temic inflammatory response, and multi-organ failure in adults [52].
Endothelial cell damage is often seen, resulting in coagulation activation
that may cause thrombosis in small blood vessels, potentially resulting
in pulmonary embolism and a higher cardiac load [53,54]. Amongst
deaths from SARS-CoV-2, disseminated intravascular coagulation is very
common [55]. However, this inflammatory reaction is different than
that seen in children with MIS-C. Although both cause an increase in
inflammatory markers [41,47,53-57], levels of ferritin and lactate de-
hydrogenase are significantly higher in COVID-19 induced ARDS than
MIS-C [58]. Additionally, MIS-C patients have less widespread organ
damage [57]. Adult patients rarely have gastrointestinal disturbances
and usually have respiratory symptoms [29], in contrast to pediatric
patients who often experience the inverse [41,47,54-57]. While cardiac
involvement has been reported in both extremes of age, the systolic
dysfunction and troponin elevation observed in patients with MIS-C is
generally rapidly resolved, suggesting that the type of myocardial
damage is distinct from that seen in adult patients with acute SARS-CoV-
2 infection [50,58,59]. Even the timing of MIS-C onset in the SARS-CoV-
2 infectious course differentiates from the inflammatory effect seen in
adults. One New York study investigated the difference between patients
with mild COVID-19 respiratory disease, those with COVID-19-related
ARDS, and a group of children with MIS-C [60]. Analysis of antibody
levels to SARS-CoV-2 nucleocapsid protein, the levels of which correlate
well with degree of active infection revealed that the MIS-C cohort had a
lower levels of the antibody than both other groups [57]. In addition, the
MIS-C antibody response shows a significantly higher ratio of IgG to IgM
SARS-CoV-2 specific antibody production [57], together providing evi-
dence that MIS-C occurs during a late stage of the disease, while the
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Table 1
Comparison of the WHO, CDC, RCPCH, and CPSP case definitions.
WHO [42] CDC [20] RCPCH [43] CPSP [120]
Name Multisystem inflammatory disorder in Multisystem inflammatory syndrome Pediatric inflammatory Pediatric inflammatory
children and adolescents in children (MIS-C) multisystem syndrome temporally multisystem syndrome (PIMS)/
associated with SARS-CoV-2 Kawasaki Disease temporally
(PIMS-TS) associated with COVID-19
Age 0-19 years old Less than 21 years old “Child” Less than 18 years old
Fever MUST MUST MUST MUST
>3 days >24h “Persistent fever” >/= 3 days
Over 38.0 °C or subjective fever Over 38.5 °C Over 38.0 °C
reported
Signs and MUST have at least two: MUST MUST have at least one: Must have one of both:
symptoms
e Rash, bilateral non-purulent e Evidence of severe illness needed e Shock e Features of Kawasaki disease
conjunctivitis, or mucocutaneous hospitalizations e Cardiac dysfunction (complete or incomplete)
inflammation e Multi-system organ involvement e Respiratory dysfunction e Toxic shock syndrome (typical
e Shock or hypotension e Renal dysfunction or atypical)
e Myocardial dysfunction, pericarditis, e Gastrointestinal dysfunction
valvulitis, or coronary abnormalities e Neurological disorder
(can be ECHO findings or elevated AND one or more additional
troponin/NT-proBNP) clinical features (see case definition
e Evidence of coagulopathy (PT, PTT, document for complete list)
elevated d-dimer)
e Gastrointestinal issues
Inflammatory MUST have elevated levels of at least MUST have at least one, but not OR one or more inflammatory MUST have elevated levels of at
markers one: limited to: marker if no additional clinical least one:
features:
e Erythrocyte sedimentation rate e High C-reactive protein e C-reactive protein
e C-reactive protein o High erythrocyte sedimentation e Abnormal fibrinogen e Erythrocyte sedimentation rate
e Procalcitonin rate e High CRP e Ferritin
e High fibrinogen e High D-dimers
e High procalcitonin o High ferritin
e High d-dimer e Hypoalbuminemia
e High ferritin e Lymphopenia
e High lactic acid dehydrogenase e Neutropenia
o High interleukin 6 (IL-6) e Anemia
e Elevated neutrophils e Coagulopathy
e Reduced lymphocytes e High IL-10 or IL-6
e Low albumin e Proteinuria
e Raised creatinine kinase
e Raised lactate dehydrogenase
e Raised triglycerides
o Raised troponin
e Thrombocytopenia
e Transamitis
No other cause MUST MUST MUST MUST
identified
Documented MUST MUST PCR can be positive or negative, no ~ Not necessary
SARS-CoV-2 RT-PCR, antigen test, serology positive, RT-PCR, serology, antigen test, or mention of other forms of infection
infection or likely exposure to patients with known exposure to patients with confirmation

COVID-19
of symptom onset

COVID-19 within 4 weeks in advance

Consider in any pediatric death with
evidence of SARS-CoV-2 infection

adult inflammatory reaction occurs during the active initial disease
process. This is reflected clinically by the observation that MIS-C tends
to occur 2 to 4 weeks after infection with the virus [43]. These signifi-
cant discrepancies point to entirely distinct pathophysiologies.

1.6. Is MIS-C a form of KD?

KD is generally a self-limiting vasculitis of medium sized vessels,
such as the coronary arteries, which is seen almost solely in children,
usually under the age of 5 [61]. The main complication that is associated
with KD is coronary dilation and aneurysms, which are rarer if patients
are treated appropriately and expediently (3-6% of cases), but often no
treatment is administered (26-40%) [62]. According to the American
Heart Association, there are two classifications of KD, classical or
incomplete type. The criteria for KD classic type is as follows: fever for at
least 5 days with four or more clinical criteria (bilateral bulbar non-
exudative conjunctivitis, changes of the lips or oral cavity, non-
suppurative laterocervical lymphadenopathy, polymorphic rash,

erythema of the palms and soles, firm induration of the hands and/or
feet) [63]. Incomplete KD is similar to classic type, the difference being
that only two or three clinical criteria need to be met, along with
compatible laboratory or echocardiogram findings [63]. Although there
are many similarities between MIS-C and KD, they are believed to be
separate entities [41,50,64]. MIS-C occurs more in an older age group
and the incidence is higher in different ethnic groups than in KD
[41,65,66]. Additionally, gastrointestinal symptoms are much more
prominent [41,45,50,65,66], and inflammatory markers tend to be more
elevated [66], while lymphocyte and platelet counts are lower on
average [67]. The coronary artery effects of MIS-C appear to be different
as well, presenting in a distinct pattern of uniformly ectactic vessel
dilation and left main coronary artery orifice implication [46]. KD, in
contrast, spares the left main coronary artery orifice and has aneurysms
that are separated by normal segments of vessel [68,69]. This may
suggest that the coronary artery involvement in MIS-C is caused by the
fever response and cytokine storm, as opposed to the KD-induced arte-
rial wall changes [46,70,71]. Furthermore, what is most worrisome is
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that the clinical course for MIS-C appears to be more severe, with
myocardial dysfunction, shock, and resistance to single intravenous
immunoglobulin (IVIG) treatment occurring more often than in KD
[49,67].

1.7. Proposed pathophysiology of MIS-C

The pathophysiology of MIS-C is being actively explored. Theories
for the mechanism underlying the myocardial involvement include
direct invasion of the myocytes by the virus, systemic inflammatory
response causing myocyte injury, and myocardial ischemia from hypo-
tension [72]. Indeed, a recent in vitro report of human induced plurip-
otent stem cell-derived cardiomyocytes revealed the susceptibility of
such cells to SARS-CoV-2 infection, ultimately indicating that viral
myocarditis is possible and perhaps partially explanatory of this syn-
drome [73]. However, given the elevated inflammatory markers
observed, the involvement of multiple organ systems [41,47,54-571],
and the late onset of the syndrome in the disease course [45,49,66,74],
the most likely mechanism is that of a delayed inflammatory response.

SARS-CoV-2

Spread via drouplet dispersal

S Glycoprotein
Structurally similar to
bacterial superantigens
responsible for TSS
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To discover the exact pathophysiology, a recent preprint created
structural based computational models of SARS-CoV-2 and found that
the S protein has a sequence motif that is not present on any other
similar coronaviruses [75]. Interestingly, this sequence motif closely
resembles, in both sequence and structure, bacterial superantigens that
cause toxic shock syndrome [73-75] (Fig. 1). The motif is most similar to
that of staphylococcal enterotoxin B and as such, would cause large-
scale T-cell activation and proliferation, causing an immense release
of pro-inflammatory cytokines from T cells (interferon gamma, tumor
necrosis factor alpha, interleukin-2) and antigen presenting cells
(interleukin-1 and tumor necrosis factor alpha) [75-78]. This cytokine
storm results in multi-organ tissue damage as is seen in MIS-C and thus,
may be at least in part culpable. The superantigen activity of the SARS-
CoV-2 S protein may also be the cause of the cytokine storm seen in
adults [75]. Adding further evidence, the signs and symptoms of TSS and
MIS-C display notable similarities - including desquamation, altered
mental status, gastrointestinal upset, myalgia, low platelets, as well as
elevated PT/PTT, d-dimer and CRP - and they both occur in an older age
group of children [79]. However, the timeline of MIS-C presentation is

MiS-C

Common signs and symptoms
Poor feeding
Conjunctivitis
Stomatitis
Diarrhea
Dyspnea
Rhinitis
Fatigue
Cough
Fever

MIS-C & the Heart

Cardiovascular effects of the syndrome

Myocarditis

Coronary aneurism

Ventricular dysfunction

Arrhythmia / tachycardia

Biochemical A [cTnl / BNP]

OOOOO

Fig. 1. Multisystem inflammatory syndrome in children. Signs, symptoms and cardiovascular effects of MIS-C and the proposed underlying pathophysiology related
to the S glycoprotein. SARS-CoV-2, severe acute respiratory syndrome coronavirus virus 2; MIS-C, multisystem inflammatory syndrome in children; TSS, toxic shock

syndrome; cTnl, cardiac troponin I; BNP, brain natriuretic protein.
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not explained by this finding. MIS-C cases are suspected to be post-
infectious due to two reasons. One was that MIS-C was observed
weeks after the peak of COVID-19 in the community. The other is that
MIS-C patients are usually PCR negative and serology positive for SARS-
CoV-2. In comparison, TSS is a more acute reaction, occurring within
2 days. Additionally, cardiac manifestations are rare in TSS, unlike in
MIS-C [79,80]. That being said, data is still very limited, and further
research is needed.

2. Purpose/justification

Various institutions, such as The Hospital for Sick Children [81] and
Jacobs School of Medicine and Biomedical Sciences [82], have pub-
lished management algorithms for MIS-C. However, as this is a novel
syndrome with limited data, we aim to conduct a comprehensive review
to highlight treatments used around the world, their rationale, and
outcomes to better inform guidelines in the future. Using our findings,
along with expert opinion, we will also outline an approach to MIS-C
management and identify areas which require further investigation.

3. Search strategy

The following databases were included in the search strategy: Ovid
databases (including AMED, EBM Reviews, Embase, Healthstar, MED-
LINE, University of Ottawa Full Text Journals), ERIC, and the Cochrane
Library. The search strategy combined the terms for the name of the
syndrome (multisystem inflammatory syndrome OR multi-system in-
flammatory syndrome OR hyper-inflammatory syndrome OR hyper-
inflammatory syndrome OR hyperinflammatory shock OR hyper-
inflammatory shock OR Kawasaki Disease OR multi-system inflamma-
tory disease OR multisystem inflammatory disease OR MISC OR PIMS-
TS OR MIS-C) with the name of the virus (COVID-19 OR SARS-CoV-2
OR 2019 novel coronavirus disease OR COVID19 OR 2019-nCoV
infection OR 2019-nCoV disease OR coronavirus disease 2019 OR
coronavirus disease-19) and the population group (pediatric OR pedi-
atrics OR paediatric OR paediatrics OR children OR adolescent OR in-
fant OR adolescents OR infants OR kids) along with terms for
intervention (treatment OR treatment* OR therap* OR manage*). These
results were limited to those published in English.

The initial search yielded 57 results on August 6, 2020. The titles and
abstracts were manually reviewed with the following inclusion criteria:

1) The paper is a primary study with at least one study participant

2) The paper’s target population was children with a multisystem in-
flammatory disorder associated with SARS-CoV-2

3) The paper detailed the treatment and management given to the pe-
diatric patients

4) The paper mentions the outcome of the treatment, such as symptom
resolution, successful hospital discharge, or mortality.

Based on these criteria, 42 were excluded and 15 papers were
examined and analyzed in full. Any significant papers published after
the date of search are mentioned in the discussion section.

4. Discussion
4.1. Current number of cases and severity

MIS-C is relatively uncommon, with an estimated incidence of 2 per
100,000 individuals less than 21 years old [74]. According to our
literature review, there were a total of 386 cases of MIS-C or cases
resembling MIS-C (Table 2). Roughly 77% were admitted to the PICU,
the median length of PICU admission was 5 days, and about 53% needed
inotropic support of some sort. Few children were supported with ECMO
(n =19, 5%), and there were 5 fatalities (1.3%) in total. However, these
percentages do not accurately reflect the risk in all MIS-C cases as some
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study criteria included only MIS-C patients that presented to hospital or
were admitted to the PICU, thus representing a more acute population.
Likely, the risk of PICU admission, fatality, and need for inotropic sup-
port or ECMO is more modest.

4.2. Management

Currently, treatment algorithms at renowned tertiary pediatric hos-
pitals recommend management based on severity, congruence with
complete KD criteria, presence of macrophage activation syndrome, and
inflammatory marker levels [81]. A number of expert societies have
created management protocols as well, including the American College
of Rheumatology [83], and PICU guidelines have been put forward by an
international group of experienced internists [84]. Nevertheless, there is
no definitive data on the most appropriate management as of yet [84].

In the studies analyzed, four out of 15 explicitly explained the
management guidelines that were followed: three used the American
Heart Association 2017 KD guidelines and one used a case-by-case
multidisciplinary team approach. All but two studies modeled the KD
treatment approach initially, even if not explicitly mentioned. However,
as MIS-C is a distinct entity from KD, it is likely to require a different
management approach. Additionally, there is the aforementioned pos-
sibility that the pathophysiology might be related to that of TSS. How-
ever, there is notable overlap between KD and TSS treatment, as the
gold-standard for severe KD cases, IVIG, has high affinity for the
staphylococcal enterotoxin B [85] and therefore, potentially the SARS-
CoV-2 superantigen. If further research does reveal such superantigens
to underly this condition, other approved medications for staphylo-
coccal enterotoxin B may be considered for MIS-C treatment, such as the
CD28 co-stimulation inhibitor CLTA1-Ig [86] or the mTOR inhibitor
rapamycin [87].

Two studies managed cases without using IVIG as the first line
therapy, including a case series of five pediatric patients with potentially
acute abdomen due to COVID-19 [88] and a case report of a patient with
MIS-C and concomitant newly diagnosed Crohn’s disease [89]. In the
case series, the children received heterogenous treatments for acute
COVID-19 infection, such as hydroxychloroquine and lopinavir/ritona-
vir. These treatments were chosen as either the children were PCR
positive or the acuity of symptoms prompted clinicians to begin empiric
treatment [88]. As for the case report, the authors opted for infliximab as
a treatment that might address both the cytokine storm of MIS-C and the
dysregulated immune reaction of Crohn’s disease [89].

4.3. Supportive therapy

As mentioned previously, guidelines for PICU management of
COVID-19 pediatric patients have been proposed [84]. Eight recom-
mendations from the document were related to MIS-C treatment, with
the best practice suggestions being supportive management and close
monitoring, use of a multidisciplinary team, laboratory tests (SARS-CoV-
2 antigens, inflammatory markers, organ system dysfunction), and
empirical antibiotics until bacterial causes are excluded [84]. These
were based largely on management of other severe inflammatory dis-
eases [84].

It is important to note that not all MIS-C patients need some form of
immunomodulatory therapy [83]; supportive care and close monitoring
may be enough. The expert panel of internists was even inconclusive
whether IVIG should be given empirically in MIS-C patients [84]. For
instance, in one case report of 58 children, 22% of MIS-C patients made a
full recovery with supportive care alone [66]. The patient sample
comprised of inpatients, with 50% needing ICU admission throughout
the length of their stay. However, the study did not stratify data based on
who needed further treatment outside of supportive care or not, so it is
unclear if there are any commonalities amongst the supportive care
group (ex. inflammatory marker levels, presenting symptoms, clinical
course, demographics) [66]. In our literature search, there were few
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Table 2
Summary of MIS-C articles with treatment, outcomes, and key findings.

Reference

Design

Participants

Case definition

Treatment and outcomes

Pouletty et al.
Jun 2020
Pediatric multisystem
inflammatory syndrome
temporally associated with
SARS-CoV-2 mimicking
Kawasaki disease (Kawa-
COVID-19): a multicentre
cohort [67]

Verdoni et al.
May 2020
An outbreak of severe
Kawasaki-like disease at the
Italian epicentre of the SARS-
CoV-2 epidemic: an
observational cohort study
[45]

Dasgupta and Finch
June 2020
A case of pediatric
multisystem inflammatory
syndrome temporally
associated with COVID-19 in
South Dakota [121]

A retrospective case series
that included a historical KD
cohort as a comparison.

A retrospective observational
cohort study that compared a
group of patients diagnosed
with Kawasaki-like disease
during the pandemic (n = 10)
to a group presenting with
the disease during 5 years
before the pandemic (n = 19).

A case report.

Patients (n = 16) were from 7 Paris
region hospitals, and presented
between April 7th and 30th, 2020.
Their median age was 10 years old,
and six had underlying conditions
(n = 4 overweight, n = 2 asthma).

All patients (n = 29) presented to a
hospital in Bergamo, Italy. The
patients in the pandemic group

(n = 10) presented between Feb 19
and April 20, 2020. Their mean age
was 7.5 years old. Comorbidities
were not mentioned in the paper.

An eight-year-old female that
presented to the emergency room at
a hospital in South Dakota during
April 2020. She had no previous
comorbidities.

Age under 18; complete or
incomplete KD; positive
testing for SARS-CoV-2
infection by RT-PCR or
serology and/or close contact
with an individual confirmed
with COVID-19.

Classic or incomplete KD
according to the 2017
American Heart Association
criteria.

PIMS-TS (RCPCH). No
evidence of SARS-CoV-2 in
any patients (RT-PCR,
serology, or contact history).

One patient required no treatment
and went into remission
spontaneously on day 8. The other
15 patients (94%) received IVIG at a
dose of 2 g/kg, three (19%) of which
received a second round of IVIG,
and one (6%) of which received a
second round of IVIG with steroids
and was still undergoing steroid
treatment upon study completion
due to autoimmune hemolytic
anemia that developed after the
second IVIG infusion. Two (13%)
patients received a steroid adjacent
post-IVIG infusion. All patients
receiving treatment (n = 15, 94%)
were given aspirin, with 7 (44%)
taking 30-50 mg/kg/day and 8
(50%) taking an anti-aggregant
dose. One (6%) received IL-1
receptor antagonist anakinra (4 mg/
kg) due to respiratory distress, and
another (6%) received IL-6
antagonist tocilizumab (8 mg/kg)
for persistent systemic
inflammation. Additionally, one
patient (6%) was administered
hydroxychloroquine, but only due
to clinicians initially suspecting
systemic lupus erythematosus as the
diagnosis. Seven (44%) of all
patients were admitted to the
pediatric intensive care unit (PICU)
and required fluid resuscitation. Six
(38%) required inotropic supports
as well. All patients that received
treatment (n = 15) went into
remission within a median of 2 days
(IQR 1 to 8) of treatment initiation,
with remission defined as absence of
fever, disappearance of clinical
signs, and complete regression of
inflammatory biomarkers.

All patients were treated in
accordance with the American
Heart Association indications for
KD, with IVIG risk stratification
done using the Kobayaski score. All
10 patients (100%) were given IVIG
at 2 g/kg. In addition, two patients
(30%) also received aspirin (50-

80 mg/kg/day) for 5 days, and eight
(80%) received aspirin (30 mg/kg)
with methylprednisolone (2 mg/kg/
day) for 5 days, followed by
methylprednisolone dose tapering
over two weeks. They received
steroids as adjuvant due to having
features of cytokine storm. Two
patients (20%) needed inotropic
support. Response to treatment,
defined as resolution of signs and
symptoms, normal vital signs,
normal c-reactive protein levels,
and normal blood tests, was
observed in all ten patients (100%).
The patient was admitted to the
PICU, where she received fluid
boluses for hypotension, later
followed by inotropic supports (low
dose norepinephrine). She also
received broad spectrum
antibiotics. On day three in hospital,
the patient developed a new heart
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Kaushik et al.
June 2020
Multisystem inflammatory
syndrome in children (MIS-C)
associated with SARS-CoV-2
infection: a multi-institutional
study from New York City [64]

A multi-centre retrospective
observational study.

Patients (n = 33) presented to three
New York tertiary care children
hospitals between April 23 to May
23, 2020. Their median age was

10 years old, and 16 patients (48%)
had comorbid conditions including
asthma (n = 5, 15%), obesity (n = 2,
6%), allergic rhinitis/eczema (n = 3,
9%), cardiac (n = 2, 6%),
hematologic (n = 2, 6%), and other
(n = 3, 9%).

MIS-C (CDC) with confirmed
SARS-CoV-2 infection.

murmur, their ejection fraction fell
to 47%, and chest radiography
showed an enlarged cardiac
silhouette, pulmonary edema, and
bilateral pleural effusion, so
milrinone and diuretics were given
along with low dose
norepinephrine. The patient showed
signs of clinical improvement
shortly afterwards. She received
IVIG (2 mg/kg) on day four in the
hospital along with a single dose of
methylprednisolone (1 mg/kg).
Within 12 h of receiving the IVIG,
the patient’s fever went down and
she quickly improved. On day five,
her cardiac function normalized,
and she was prescribed aspirin

(30 mg/kg/day). For the next three
days, she remained afebrile and was
discharged on low dose aspirin.

All patients (n = 33) required PICU
admission. A majority of patients
(n = 18, 54%) received IVIG, 17
(51%) were given
methylprednisolone due to elevated
inflammatory markers, and 2
patients (6%) received both. All
patients were given anticoagulation
(n = 33), 27 (82%) of which had
therapeutic dose enoxaparin, 5
(15%) had prophylactic dose
enoxaparin, and 1 (3%) had
unfractionated heparin at a
therapeutic dose. Vasopressors
(norepinephrine n = 10, dopamine
n = 9) had to be used in 17 patients
(51%), with a mean duration of
administration of 72 h. Antibiotics
(empiric coverage) were given for
less than 48 h in 14 (42%) patients
and for more than 48 h in 15 (45%)
of patients. In terms of more
targeted therapies, 12 (36%)
received tocilizumab for high IL-6
levels and 4 (12%) received
anakinra. Remdesivir, a nucleoside
analog that blocks virus replication
during active infection, was
compassionately used in 7 patients
(21%), all which had a positive RT-
PCR. One child (3%) that had
severely depressed left ventricle
function and was treated with
methylprednisolone, also received
convalescent plasma along with an
intra-aortic balloon pump for 24 h.
Another child (3%) required
extracorporeal membrane
oxygenation (ECMO) due to
severely depressed left ventricle
function and cardiogenic shock
within 24 h of presenting to
hospital. All but one patient (n = 32,
97%) improved clinically based on
inflammatory markers and
myocardial function and were
discharged home after a 7.8 day
median stay in the hospital and a
4.7 day median stay in the PICU.
The patient with the intra-aortic
balloon pump was supported by the
pump for 24 h and was well enough
to be weaned off of invasive
mechanical ventilation after 2 days
and was discharged home after
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Toubiana et al.
June 2020
Kawasaki-like multisystem
inflammatory syndrome in
children during the covid-19
pandemic in Paris, France:
prospective observational
study [48]

cohort study.

Grimaud et al.
June 2020
Acute myocarditis and
multisystem inflammatory
emerging disease following
SARS-CoV-2 infection in
critically ill children [99]

case series.

Ramcharan et al.
June 2020
Pediatric inflammatory
multisystem syndrome:
temporally associated with
SARS-CoV-2 (PIMS-TS):
cardiac features, management
and short-term outcomes at a
UK Tertiary Paediatric
Hospital [47]

observational study.

A single centre prospective

A multicenter retrospective

A single centre retrospective

All patients (n = 21) were admitted
to a hospital in Paris, France,
between April 27 to May 11, 2020,
and followed up until discharge by
May 15, 2020. Their median age was
7.9 years old. Five patients (24%)
had a body mass index over the 97th
percentile, but presence of other
comorbidities was not mentioned.

Patients (n = 20) were from four
tertiary care hospitals in Paris,
France, and presented to the
healthcare centre between April 15th
and April 27th, 2020. Their median
age was 10 years old, and no
comorbidities were reported.

All patients (n = 15) were from a
tertiary pediatric hospital in the
United Kingdom and presented
between April 10th and May 9th,
2020. The median age was 8.8 years
old, and comorbidities were not
mentioned in the study.

American Heart Association
criteria for complete and
incomplete KD. Two patients
did not have evidence of
recent SARS-CoV-2 infection.

No published case definition
used. Inclusion criteria was
less than 18 years old,
admission to the PICU with
fever and cardiogenic shock
secondary to myocarditis, and
having a suspected COVID-19
infection.

PIMS-TS (RCPCH) with
referral to cardiology.

12 days. Sadly, the child on ECMO
developed an ischemic brain
infarction accompanied by a
subarachnoid hemorrhage on day 6
of the mechanical circulatory
support, resulting in brain death.
All 21 patients (100%) received
IVIG for a median of 5 days, along
with aspirin at a low dose (3-5 mg/
kg/day). Seven (33%) also received
a steroid adjuvant with (2-10 mg/
kg). Resistance to IVIG, defined as
persistent fever 36 h after the end of
initial IVIG infusion and requiring a
second round of IVIG, occurred in 5
patients (24%), 4 (19%) of which
received a second infusion of
corticosteroids (2 mg/kg/day).
Broad spectrum antibiotics were
given to 18 children (86%). PICU
admission due to hemodynamic
instability was required in 17
patients (81%) who had higher
levels of inflammatory markers,
where 11 (52%) received
intravenous fluid resuscitation.
Eight patients (38%) had
hypotension that was unresponsive
to fluids, and thus, were given
vasoactive agents. Inotropic agents
were given to 14 children (67%)
because of myocarditis with cardiac
dysfunction. All patients were
discharged home after a median of
8 days in hospital (IQR 5-17), and
5 days (IQR 3-15) days in the PICU.
All patients (n = 20, 100%) received
IVIG (2 g/kg) within 2 days at the
PICU, 18 (90%) of which had
complete fever resolution post-
infusion. A small minority of
children (n = 2, 10%) were given
corticosteroids. One patient (5%)
received an interleukin-1 receptor
antagonist and another (5%) a
monoclonal antibody against the
interleukin 6 receptor. A majority
(n = 19, 95%) required inotropic
support for a median of 3 days. The
average PICU stay was 4 days. All
children were successfully
discharged with cardiac function
recovery and a significant decrease
in inflammatory markers.
Treatment was determined case-by-
case by a multidisciplinary team,
and supportive treatment was given
following the hospital standards. 10
children (67%) received IVIG (2 g/
kg) and aspirin (12.5 mg/kg) four
times a day. Patients that continued
to have persistent fever and
increasing inflammatory markers
36 h post initial treatment were
given a second dose of IVIG (n = 2,
13%) and/or a 3 day course of
methylprednisolone followed by a
weaning course of prednisolone

(n =5, 33%). All (n = 15) were
given broad spectrum antibiotics for
a minimum of 5 days. Ten children
(67%) had to be admitted to the
PICU and stayed a median of 4 days.
In the intensive care unit, all ten
(67%) required fluid resuscitation
and inotropes/vasopressors for a
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Blondiaux et al.
June 2020
Cardiac MRI of children with
multisystem inflammatory
syndrome (MIS-C) associated
with COVID-19: case series
[114]

Dolinger et al.
May 2020
Pediatric Crohn’s disease and
multisystem inflammatory
syndrome in children (MIS-C)
and COVID-19 treated with
infliximab [89]

Cabrero-Hernandez et al.
May 2020
Severe SARS-CoV-2 infection
in children with suspected
acute abdomen: a case series
from a tertiary hospital in
Spain [88]

Belhadjer et al.
August 2020
Acute heart failure in
multisystem inflammatory
syndrome in children (MIS-C)
in the context of global SARS-
CoV-2 pandemic [50]

A single centre case series
focused on examining cardiac
MRI findings.

A case report.

A case series.

A retrospective multi-centre
observational study.

Four patients that were admitted to
intensive care at a hospital in Paris
were included in the study. The
patients presented during the month
of April 2020. Their ages were 6, 8,
11, and 12. No cardiac comorbidities
were seen, and other comorbidities
were not noted in the paper.

A 14-year-old male recently
diagnosed with pediatric Crohn’s
disease was admitted to a hospital in
New York with five days of fever and
abdominal pain.

Five patients presented to the
emergency department and later
admitted to PICU at a hospital in
Madrid, Spain. The date was not
mentioned. Two children were

9 years old, and the other three were
10, 12 and 13. Potential
comorbidities were not included in
the paper.

All patients (n = 35) were admitted
to one of 13 hospitals in France and
Switzerland between March 22 and
April 30, 2020. The median age was
10 years. Ten patients (28%) had
comorbidities, including asthma

(n = 3, 9%), lupus (n = 1, 3%), and
being overweight (n = 6, 17%).

No published case definition
was used, but the inclusion
criteria was ICU admission
with cardiogenic and/or
septic shock syndrome
following myocarditis and
undergoing cardiac MRI
during their stay. All patients
were serology positive for
SARS-CoV-2.

The patient was SARS-CoV-2
PCR positive and suspected to
have MIS-C (CDC).

No published case definition
was used, but the inclusion
criteria was severe SARS-CoV-
2 infection (suspicion or
confirmed), hemodynamic
instability, and suspected
acute abdomen.

All patients met MIS-C (CDC)
criteria, but the inclusion
criteria for the study was even
more specific. The criteria
were the presence of fever,
cardiogenic shock or acute
left ventricular dysfunction,
with an inflammatory state.
SARS-CoV-2 confirmation
was not needed, and
laboratory evidence of the

median of 3 days. In eight patients
(53%), hydrocortisone was needed
for persistent hypotension. All
patients were discharged clinically
well with normal or improving
laboratory results and cardiac
function, on low dose aspirin, with a
median hospital stay of 12 days.
All four children received IVIG.
Three (75%) were given vasoactive
agents along with volume
expanders. Also, three children
(75%) required prednisolone and
aspirin. All patients recovered to
normal ventricular function
between 48 h to 5 days and were
discharged from hospital at 13 to
23 days post symptoms onset.

The patient initially received
intravenous antibiotics for their
perianal abscess, along with
hydroxychloroquine (5 day course)
and azithromycin (3 days course)
for the SARS-CoV-2 infection,
prophylactic enoxaparin, and
intravenous fluids. Despite initial
treatment, the patient remained
febrile. On day 8, after consultation
with multiple specialties, the anti-
tumor necrosis factor alpha
treatment infliximab (10 mg/kg)
was given as it could address the
Crohns’ disease and potentially the
cytokine storm seen in MIS-C. Just a
few hours after infliximab
administration, the fever and
hypotension resolved, along with
inflammatory markers beginning to
decrease. He received a second dose
of infliximab 5 days later because of
active perianal disease and
remaining inflammation and was
discharged that day. Two weeks
after discharge, the patient had
complete resolution of all previous
clinical findings and normalization
of all laboratory values, including
inflammatory markers.

All children (n = 5) were admitted
to the PICU, where 4 (80%) received
inotropic support.
Hydroxychloroquine was given to
all patients (n = 5), as was
azithromycin and lopinavir/
ritonavir. Tocilizumab was
administered to 4 children (80%).
One child (20%) received
therapeutic dose low molecular
weight heparin, and 4 (80%) were
given the prophylactic dosage. All
children were given various
antibiotics due to suspected acute
abdomen, and all were successfully
discharged after a median of 5 days
(2-13 range) in the PICU.

A majority of patients (n = 25, 71%)
received IVIG. One patient (3%) had
persistent fever two days after
initial infusion, so was given a
second dose of IVIG. Steroids were
given to 12 children (34%) because
they were deemed to be high risk.
Three patients (9%) received
anakinra due to persistent severe
inflammatory state. Also, 23
patients (66%) were given heparin
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Feldstein et al.
June 2020
Multisystem inflammatory
syndrome in U.S. children and
adolescents [49]

Ouldali et al.
July 2020
Emergence of Kawasaki
disease related to SARS-COV-2
infection in an epicentre of the
French COVID-19 epidemic: a
time series analysis [100]

Lee et al.
July 2020
Distinct clinical and
immunological features of
SARS-CoV-2-induced
multisystem inflammatory
syndrome in children [111]

A targeted surveillance
(prospective and
retrospective) for MIS-C
across all pediatric hospitals
in the United States.

A quasi- experimental
interrupted time series
analysis of KD over the last
15 years in comparison to
those presenting during the
COVID-19 pandemic.

A retrospective single centre
observational study that
compared data with historic
cohorts of KD and
macrophage activation
syndrome.

The study included 186 patients
across the United States. Patients
presented to healthcare facilities
from March 15 to May 20, 2020.
Their median age was 8.3 years.
Comorbidities were noted in 51
patients (27%), including respiratory
(n = 33, 18%), cardiac (n = 5, 3%),
immunocompromised or
autoimmune (n = 10, 5%), and other
(n = 20, 11%). Out of the patients
who had BMI reported, 29% were
obese (n = 45, out of the 153 patient
who had data available).

The study included 230 pediatric
patients that presented to hospital
with complete or incomplete KD
between Dec 1, 2005 and May 20,
2020, with 10 cases presenting
during the pandemic (April 15 to
May 20, 2020). The children were all
admitted to a tertiary centre in Paris,
France. Their median age was

11.75 years (range 18 months to
15.8 years). Comorbidities were not
mentioned in the paper.

The study included 28 patients with a
median age of 9 years. Children all
presented to hospital in Boston,
United States between March to June
2020. Half of the patients (n = 14)
had comorbidities including asthma
(n = 3, 11%), congenital heart
disease (n = 1, 4%), KD previously
diagnosed (n = 2, 7%), sickle cell
anemia (n = 1, 4%), autism (n = 1,
4%), mitochondrial disorder (n = 1,
4%), chromosomal abnormalities

(n =1, 4%), and obesity (n = 4,
14%).
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virus was found in 31 (89%)
patients.

MIS-C (CDC).

Classic or incomplete KD
according to the 2017
American Heart Association
criteria. SARS-CoV-19
confirmation was not
necessary, but only one
patient (10%) had no
laboratory evidence of
infection or positive exposure
history.

MIS-C (CDC)

at a therapeutic dose. Most patients
(n = 29, 83%) had to be admitted to
the ICU for a median of 7 days, and
required inotropic support (n = 28,
80%). Ten (29%) of those in
intensive care required mechanical
circulatory assistance with
venoarterial ECMO but were
successfully weaned and removed
successfully after 4.5 days on
average. Clinical resolution of signs
and symptoms occurred in 28
patients (80%) so far. The median
hospital stay of patients that were
discharged at the time of study
publication was 10 days. Seven
(20%) children were either still in
hospital or had residual impaired
cardiac function.
Immunomodulating therapies used
included IVIG (n = 144, 77%),
glucocorticoids (n = 91, 49%),
interleukin-6 inhibitors tocilizumab
or siltuximab (n = 14, 8%), and
anakinra (n = 24, 13%). A second
dose of IVIG was given to 39
children (21%), and anticoagulation
therapy was administered to 87
patients (47%). Most children

(n = 148, 80%) required admission
to intensive care, and many needed
vasoactive support (n = 90, 48%).
Eight children (4%) needed ECMO.
At the end of the study, 130 patients
(70%) were successfully discharged,
and 52 (28%) were still in hospital.
The patients that were discharged
spent, on average, 7 days in the
hospital. Sadly, 4 patients (2%)
passed away. All were above

10 years old, two had underlying
comorbidities, and 3 had ECMO
support.

Patients were treated based on KD
management guidelines. Most
children (n = 9, 90%) were given
IVIG as first line, from which 6
(60%) was considered unsuccessful
and required a second line
treatment. The second line
treatment included a second dose of
IVIG plus methylprednisolone

(n = 5, 50%) or tocilizumab (n =1,
10%). Six patients (60%) required
PICU admission, from which 5
(50%) needed inotropic support. All
patients were discharged
successfully after a median of

13.5 days in hospital (range 4 to
27 days).

Most patients (n = 20, 71%) were
given IVIG (n = 13, 46%, 2 g/kg;
n=6,21%, 1 g/kg; n = 1, 4%,

0.5 g/kg), and 17 (61%) received
methylprednisolone (1-4 mg/kg/
day). Two patients (7%) required a
second dose of IVIG. Anakinra
(5-13 mg/kg/day) was
administered in 5 children (18%)
that were refractory to IVIG and
steroids and in one child (4%) that
had sickle cell to prevent the use of
methylprednisolone. Antibiotics
were given to 15 children (54%),
remdesivir to 7 (25%), and
hydroxychloroquine in one (4%). In
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Jones et al.
April 2020
COVID-19 and Kawasaki
disease: novel virus and novel

A case report.

A 6-month-old female infant that
presented to a pediatric hospital in
California in early April 2020. She
had no comorbidities.

Classic KD with confirmed
SARS-CoV-2 infection (RT-
PCR positive).

terms of anticoagulation therapy, 14
patients (50%) received low dose
aspirin (3-6 mg/kg/day), 5 (18%)
received high dose aspirin

(20-50 mg/kg/day), 13 (46%) were
administered enoxaparin at the
prophylactic dosing, and 5 (18%)
were administered treatment dose
enoxaparin. PICU admission was
required in 17 patients (61%),
where 7 (25%) received inotropes.
All cases showed clinical
improvement, defined as fever
resolution, inflammatory marker
improvement, and cessation of
intorope need. The median hospital
stay was 8 days. In patients that
were treated with
immunomodulatory therapies, fever
resolution was seen after a median
of 4 days from admission. Also, 3 of
the 6 cases that had coronary artery
abnormalities and were treated with
IVIG (n = 6, 21%) and
methylprednisolone (n = 4, 14%)
showed normalization of coronary
vessels post-treatment (50%), one
showed improvement (17%), and
the other two showed stabilization
(33%).

Treated according to KD
management guidelines. She was
given IVIG (2 g/kg) and high dose
acetylsalicylic acid (20 mg/kg four

case [122]

times a day). The patient’s fever
resolved quite quickly after
treatment. There were no cardiac
findings, and the patient was
discharged 2 days post-IVIG
treatment on low dose
acetylsalicylic acid (3 mg/kg).

patients that received supportive care alone, but this again may be due
to the acuity of patients included. Further research will hopefully
elucidate what/if specific therapies are superior to supportive care and
whether clinical inaction may bring with it serious long-term sequelae,
as is the case in KD.

4.4. Immunomodulators

It is well known that IVIG (2 g/kg) prevents coronary artery aneu-
rysm in KD [63,90,91] and there have been reports of benefit from the
therapy in COVID-19-associated myocarditis also [92]. In addition,
glucocorticoids have been shown to reduce coronary artery aneurysm in
KD patients with a high risk of IVIG failure [93,94]. However, since MIS-
C is a separate disease entity from KD, using KD management strategies
may not be as efficacious, potentially explaining the higher IVIG failure
rate in MIS-C patients [45]. As most centers were following KD treat-
ment guidelines, a majority of patients in our literature review did
receive IVIG (n = 298, 77%). The treatment appeared reasonably robust,
but a substantial percentage required a second dose of IVIG (18%). The
reason for second IVIG dose varied based on the study, including failed
remission of inflammatory manifestations [67], persistent fever 36 h
after the end of initial IVIG infusion [48,49], and persistent fever two
days after initial transfusion [51].

Moreover, 171 patients (43%) were given methylprednisolone at
some point during admission. According to the COVID-19 PICU rec-
ommendations, for patients that meet classical or atypical KD criteria,
administering IVIG (2 g/kg) and aspirin (50 m/kg) is strongly encour-
aged [84]. However, in the context of MIS-C, the use of
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methylprednisolone and IVIG should be considered with multidisci-
plinary input as both have insufficient evidence [84]. Similarly, the
American Rheumatology College task force recommends IVIG and ste-
roids alone or together, but there is not enough data to compare the
effectiveness of one versus the other, or when used in combination [83].

4.5. Specific immunotherapies

It is theorized that IL-6 plays a central role in KD pathophysiology via
megakaryocyte maturation, thereby leading to thrombocytosis. The
cytokine also potentially causes vasculitis by triggering a cascade that
stimulates polyclonal B cell autoantibody production, resulting in acute
inflammation and antibody mediated endothelial damage [95,96].
Recent evidence suggested that the cytokine IL-6 may be culpable for
myocardial injury in COVID-19 [97] and studies have found IL-6 levels
to be significantly elevated in MIS-C patients [48,50,64,67,89]. There-
fore, IL-6 inhibitors may prove to be a valuable treatment option in MIS-
C. Tocilizumab, a monoclonal antibody that serves an IL-6 inhibitor, is
used to treat systemic onset juvenile idiopathic arthritis [98], which
shares many features with MIS-C, such as skin rash, major inflammatory
syndrome, macrophage activation syndrome, and fever. Several in-
stitutions are already using tocilizumab or another IL-6 receptor
monoclonal antibody, with 6 of 15 studies administering the immuno-
therapy to at least one patient, and 33 children (8.55%) receiving it in
total, all with promising results [49,64,67,88,99,100]. Also, tocilizumab
is already undergoing clinical trial (ClinicalTrials.gov Identifier:
NCT04331808) to be used in severely ill COVID-19 adult patients
[101,102]. However, formal investigation of tocilizumab use in
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pediatric MIS-C patients is awaited.

Anakinra is an IL-1 receptor antagonist that is commonly used to
treat systemic juvenile arthritis induced cytokine release syndrome
[103] and is currently undergoing a Phase 2 clinical trial (ClinicalTrials.
gov Identifier: NCT02390596) for its use in KD [104]. The international
group of internists recommends anakinra for MIS-C patients who have
initially failed IVIG and/or methylprednisolone treatment [83] due to its
relative safety in pediatric patients with hyperinflammatory syndromes
and success in a small number of patients with IVIG-resistant KD
[105-107]. Our literature review reflects this, as 39 patients across all
studies received Anakinra or another IL-1 receptor antagonist, with most
patients improving thereafter.

TNF-a is elevated in states of cytokine storm, KD, as well as in some
reports of MIS-C [75,89,108]. In fact, recent literature has shown that
the cytokine can be used to differentiate between MIS-C and severe
COVID-19 [67,109]. Therefore, another potential treatment for the in-
flammatory effects seen in MIS-C patients would to be use infliximab, a
TNF-a blocker. The immunotherapy has already been shown to treat
IVIG resistant KD, so it may be especially beneficial for MIS-C patients
with KD-like symptoms [108]. One case study included in our review
used infliximab to successfully treat a patient with concurrent MIS-C and
Crohn’s, which resulted in symptom resolution [89]. Additionally, a
more recent study gave 12 MIS-C patients (52%) infliximab as a second-
line therapy due to persistent fever and inflammatory state (defined as
increasing inflammatory markers or impaired cardiac function) after
initial IVIG therapy [110]. The immunotherapy resulted in a positive
outcome as the patients’ fevers resolved, cardiac function improved, and
any coronary artery dilation was ameliorated [110].

4.6. Antiviral therapy

The antiviral remdesiver was given for compassionate use in several
instances, with two studies both treating seven patients with the medi-
cation [64,111]. Yet, as the most supported theory for MIS-C patho-
genesis is that of post-infection, the potential for benefit of remdesiver in
this syndrome may be limited. If the patient is SARS-CoV-2 RT-PCR
positive, then remdesiver may theoretically be of use if administered
early enough in the infection course [79,112,113]; however, this was
the case for only one of the two studies [64].

4.7. Anti-coagulation and anti-platelet

Antiplatelet or anticoagulation therapy (usually aspirin or enox-
aparin) was given to over 60% of patients throughout the studies
analyzed. Since MIS-C fulfills the high risk of venous thromboembolism
criteria, this course of action is entirely appropriate. If there is throm-
bocytopenia associated with multi-organ failure, which has been seen in
MIS-C [67], then the PICU guidelines recommend therapeutic plasma
exchange, although the supporting evidence is limited [84]. Addition-
ally, the American College of Rheumatology outlines an algorithm for
anticoagulation/antiplatelet medications and dosing based on risk,
recommending low-dose aspirin in all patients with KD features, coro-
nary artery aneurysm, and thrombocytosis [63,83]. If a patient has a
coronary artery aneurysm with a z-score of 10 or more, then enoxaparin
or warfarin is recommended. Additionally, anticoagulation should be
considered for patients with moderate to severe left ventricular
dysfunction [83].

4.8. Imaging

Ventricular dysfunction is a common occurrence in MIS-C patients
[46,114,115]. Therefore, echocardiography and ECG should be per-
formed early upon admission and subsequently at regular intervals. This
is supported by the PICU guidelines for MIS-C and pediatric COVID-19
treatment [84]. However, coronary artery enlargement may be missed
in echocardiography alone, so CT may be of additional value in
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indeterminate cases [46]. In terms of MRI use, three case series have
investigated its utility and have shown diffuse myocardial edema and
hyperemia acutely in the disease course [46,114,116]. In one case series,
evidence of myocardial necrosis/fibrosis was also observed [116].
Furthermore, recent evidence shows that subtle cardiac dysfunction may
persist past two weeks post PIMS-TS onset [46]. Thus, we recommend
structured long-term follow-up with echocardiography supplemented
with cardiac MRI or CT as needed.

4.9. New landmark papers and ongoing research

Since the review was compiled, there have been significant articles
published that should be mentioned. One such article was a national
consensus management pathway for PIM-TS published in February 2021
[117]. It was developed based on 140 consensus statements from UK
clinicians who divided PIMS-TS into two phenotypes: KD-like (both
complete and incomplete, based on the American Heart Association
criteria), and non-specific (shock and/or fever and additional symptoms
such as abdominal pain, gastrointestinal, respiratory, or neurologic
symptoms not in keeping with KD criteria) [117]. The recommendations
made closely resemble the suggestions made in our review. For instance,
they emphasize the importance of a multi-disciplinary team, supportive
care, IVIG, and methylprednisolone. Additionally, biologic therapies
(anakinra, tocilizumab, and infliximab) can be considered [117]. The
Lancet went a step further and defined indications for therapy (coronary
artery abnormalities, TSS, signs of progressive disease, and fever more
than 5 days) and what the first line (IVIG), second line (methylpred-
nisolone), and third line (biologics) treatment should be [117].

Furthermore, the first formal randomized control trial for MIS-C/
PIMS-TS treatment has begun as part of the RECOVERY trial in the UK
[118]. There is also a clinical trial ongoing for the use of mesenchymal
stromal cells as treatment for MIS-C (ClinicalTrials.gov Identifier:
NCT04456439). In terms of surveillance, the CDC is putting $2.1 million
towards a research study of 800 pediatric patients that were hospitalized
after a positive coronavirus test at the Boston Children’s Hospital [119].
WHO has created a global clinical platform [42], and MIS-C is actively
being investigated by the Canadian Paediatric Surveillance Program
[44].

5. Limitations

The results of this comprehensive literature review are limited by the
heterogeneity of the studies included. Papers included patients of
various levels of acuity, used different case definitions, reported
different outcomes, and had assorted study designs of varying quality.
Additionally, most of the articles included a small sample size due to the
novelty of the condition. Given the few studies published to date and the
recent emergence of MIS-C, this could not be avoided in our compre-
hensive review and must be taken into consideration when interpreting
the data. Additionally, the included studies may have been confounded
by patients with true KD that presented during this period of pandemic.
Finally, it must be emphasized that the data supporting these treatments
stems entirely from case series and reports which lack efficacy-
establishing controls.

6. Conclusions

MIS-C is an entirely novel disease affecting children globally. The
disease appears to be a post-infection phenomenon that is distinct from
KD. Most cases have resolved quickly and completely with treatment,
and morbidity and mortality have been low. Nevertheless, the data
around the effectiveness of various treatment methods (methylpred-
nisolone, IVIG, immunotherapies, etc.) and the best management are
limited and of poor quality. Similarly, the exact pathophysiology and the
long-term effects of MIS-C are at present unknown. As a result of the
present comprehensive review, in combination with expert opinion and
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newly published protocol suggestions, we propose that pharmacologic
treatment be tailored to the individual signs/symptoms observed (i.e.,
IVIG +/— steroids for Kawasaki disease-like features) and immuno-
therapies considered in severe cases, with careful evaluation of their
appropriateness and potential for harm. In terms of imaging, early
echocardiograms and ECGs are deemed essential core management,
with cardiac MRI or CT utilized as needed. If patients have moderate to
severe symptoms, or their clinical status is rapidly worsening, they
should be in a facility that has pediatric intensive care capability. Close
monitoring should be performed by an interdisciplinary team and
follow-up with echocardiogram and/or CT/MRI is warranted in such
cases. Future studies addressing the efficacy of targeted immunother-

apies and the long-term sequelae of severe MIS-C are eagerly awaited.
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