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Abstract 
 
Since the beginning of COVID-19 pandemic, a new post-infectious inflammatory 

manifestation of SARS-CoV-2 affecting children has been described. It was defined as 

Pediatric Inflammatory Multisystem Syndrome temporally associated with COVID-19 

(PIMS/PIMS-TS) by the Royal College of Pediatrics and Child Health, or as Multisystem 

Inflammatory Syndrome in Children (MIS-C) by the World Health Organization and the 

Center for Disease Control and Prevention. MIS-C represents a late manifestation of SARS-

CoV-2 infection affecting predominantly previously healthy school-age children presenting 

with moderate to severe multi-organ dysfunction associated with an exaggerated 

proinflammatory response and presence of elevated SARS-CoV-2 immunoglobulin G 

antibodies. Although MIS-C shares similarities with Kawasaki Disease (KD), children with MIS-

C tend to be older and present with a more severe proinflammatory response and 

myocardial injury than children with KD.  

 

The pathophysiology of MIS-C remains largely unknown, and the current management of 

MIS-C is extrapolated from KD and focuses on restoring immune homeostasis with 

intravenous immunoglobulin, corticosteroids, and biologics as well as on the prevention of 

vascular complications with antiplatelet therapy and anticoagulation. Recent immunoprofile 

studies on MIS-C patients discovered the presence of a superantigenic-like motif on SARS-

CoV-2 spike glycoprotein and an autoimmune signature targeting the various organs 

involved in MIS-C. 

 

This review provides an extensive update on the state of knowledge of this new post-

infectious hyperinflammatory syndrome affecting children. This topic is important for two 

reasons. Firstly, SARS-CoV-2 continues to infect children worldwide who may therefore still 

be at risk of developing MIS-C. The additional knowledge brought by this review to the 

clinicians may help them in the care of MIS-C patients. Secondly, a better understanding of 

the immunopathogenesis of MIS-C and how its immunopathological signature is distinct 

from acute SARS-CoV-2 infection or KD will not only be useful to guide optimal treatment in 

MIS-C but may also help in the management of similar hyperinflammatory conditions 

affecting children such as KD or haemophagocytic lymphohistiocytosis. 
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 Introduction 
 
 
Covid-19 pandemic 

Coronaviruses are enveloped positive-sense single-stranded RNA viruses belonging to the 

Coronaviridae family (1) affecting both humans and animals and causing respiratory disease. 

Current taxonomy divides the subfamily Coronavirinae into four genera: Alphacornonavirus, 

Betacoronavirus, Gamacoronavirus and Deltacoronavirus. The Betacoronavirus genus 

includes the Severe Acute Respiratory Syndrome CoV (SARS-CoV) and Middle East 

Respiratory Syndrome CoV (MERS-CoV) responsible for SARS and MERS outbreaks that 

emerged in China between 2002-2003 and in the Middle East in 2012, and spread 

worldwide. In December 2019, an outbreak of patients presenting with an acute community-

acquired atypical pneumonia of unknow etiology was reported in Wuhan, the capital of 

Hubei province in central China. In January 2020 the full draft genome sequence of the 

potential causative organism was released and identified as a new coronavirus belonging to 

the Betacoronavirus, named Severe Acute Respiratory Syndrome CoV-2 (SARS-CoV-2)(2, 3). 

Initially linked to a seafood and wet animal wholesale market in Wuhan, cases of patients 

diagnosed with this novel coronavirus disease, also known as Coronavirus Disease 2019 

(COVID-19) started to spread very quickly, initially throughout China, then to neighboring 

countries, and finally worldwide. On March 2020, with more than 118’000 cases in 114 

countries and more than 4000 death, the World Health Organization (WHO) declared COVID-

19 caused by SARS-CoV-2 a new pandemic (4). At the time of writing, 6.6 million COVID-19 

deaths have been reported by WHO and over 644 million cumulative cases globally since the 

start of the pandemic. 

 

SARS-CoV-2 characteristics 

SARS-CoV-2 has double-layered lipid envelope containing a non-segmented, single-stranded, 

positive-sense RNA genome of ∼ 32 kilobases in size with a diameter of 50-200 nm. As a 

Betacoronavirus, SARS-CoV-2 shares 79% genome sequence identity with SARS-Co-V and 

50% with MERS-CoV. All three coronavirus genomes encode for conserved structural 

proteins, including spike (S), envelope (E), membrane (M), and nucleocapsid (N) proteins. 

The clublike spike projections of the S protein on the surface give the typical crown-like 
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appearance under the electronic microscope of these viruses and are responsible for their 

name after the Latin word corona, meaning crown or halo. The S protein play a significant 

role in viral attachment and host cell entry via the binding to angiotensin-converting enzyme 

2 (ACE2) receptors (5). It has been shown that RNA viruses, such as the coronavirus, 

influenza virus and human immunodeficiency virus (HIV), present extremely high mutation 

rates as a result of their replication mechanism and the lack of viral RNA polymerase 

proofreading activity (6). Interestingly, the spike protein, which is the main target of the host 

immune system and a major point of interaction between the virus and the human immune 

system has been reported to undergo rapid molecular evolution and selection pressure 

during evolution (7). Since the first full characterization of the SARS-CoV-2 in Wuhan, 

numerous changes of amino acid on spike protein were described (8, 9) resulting in the 

emergence of several new coronavirus variants with differences in transmissibility and 

virulence. 

 

Pathogenesis of SARS-CoV-2 infection 

The primary route of entry of SARS-CoV-2 is through the upper respiratory tract, where it 

starts to replicate and then migrates down the airways and enters alveolar epithelial cells in 

the lungs, where the rapid replication of SARS-CoV-2 triggers a strong immune response. 

Exposed patients can be asymptomatic or develop mild to moderate symptoms with some 

patients suffering from severe disease that requires oxygen supplementation and sometimes 

intensive care support with mechanical ventilation (10). Autopsy reports showed bilateral 

diffuse alveolar damage together with hyaline membrane formation and pulmonary 

microemboli (11). Older patients and patients with serious pre-existing diseases are at 

greater risk of developing acute respiratory distress syndrome and death (12-14). Although 

COVID-19 presents mainly as a respiratory disease, SARS-CoV-2 infection causes 

extrapulmonary manifestations, in part as a result of the ubiquitous presence of ACE2 

receptors in various tissues including the endothelium, gastrointestinal and renal tissues. 

Endothelium inflammation with the presence of viral particles identified by electron 

microscopy is another unique characteristic of SARS-COV-2 infection. Endotheliitis and 

soluble endothelial makers such as angiopoeiting-2 levels are positively correlated with 

severity of COVID-19 (15, 16) and associated with increased risk for thromboembolism and 

multisystem involvement in COVID-19 patients (17, 18). Patients with COVID-19 may also 



 10 

present with several neurological manifestations such as SARS-CoV-2 associated meningitis, 

encephalitis, myelitis, acute disseminated encephalomyelitis, Guillain-Barré syndrome, 

stroke and taste and olfactory disturbances (19). It has been shown that SARS-CoV-2 can 

affect the nervous system in different ways with direct and indirect neuropathological 

effects. Central and peripheral nervous system damage could be the result of direct viral 

invasion via hematogenous or olfactory route.(20, 21). The viral infection can also lead to an 

immune-mediated central nervous system damage. Recent autopsy reports suggest that 

neurological manifestation in COVID-19 patients is principally mediated by microvascular 

and inflammatory mechanisms caused by viral induced systemic proinflammatory responses 

and endotheliitis rather than a direct viral cytopathic effect on neurons (20, 22-24). In a 

subgroup of COVID-19 patients, the infection is accompanied by an aggressive inflammatory 

response with the release of a large amount of proinflammatory cytokines including Tumor 

Necrosis Factor alpha (TNF-a), interleukin-1 (IL-1), interleukin-6 (IL-6), and interleukin-8 (IL-

8) in an event known as “cytokine storm”. This hyper-immune proinflammatory response 

causes multisystem manifestations leading to multiorgan failure, acute respiratory distress 

syndrome (ARDS), and unfavorable prognosis of severe COVID-19 (25-31). 

 

COVID-19 in children 

Since the beginning of the pandemic of COVID-19, numerous studies have shown that 

children and adolescents are susceptible to SARS-CoV-2 infection (32-34) without significant 

difference in age distribution among children (35). Unlike adults, children with COVID-19 

very often present with nonspecific symptoms mimicking other pediatric diseases. A recent 

meta-analysis reported that fever and cough were present in respectively 51% and 41% of 

COVID-19 pediatric patients (35) which is lower than what is reported in adult COVID-19 

patients, with fever and cough reported in respectively 78-92.8% and 57-63.4% (36-38). In 

addition of fever and respiratory symptoms, gastrointestinal symptoms are also very 

common in children with COVID-19 (39-41). While most children infected with SARS-CoV-2 

are asymptomatic or present mild or moderate symptoms, approximately 6-7 % became 

severely or critically ill (35, 42). The risk for critical illness after SARS-CoV-2 infection was 

particularly higher in children under the age of one year or in children with comorbidities, 

when compared to healthy older children (35).  
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Multisystem Inflammatory Syndrome in Children 

In the spring 2020 during the peak of the first wave of the COVID-19 pandemic, there were 

increasing reports of cluster of children in Europe and America presenting with 

hyperinflammatory shock and features resembling Kawasaki disease (KD) and Toxic Shock 

Syndrome (TSS) occurring in the weeks after SARS-CoV-2 infection or exposure (43-47). This 

new pediatric inflammatory syndrome was named multisystem inflammatory syndrome in 

children (MIS-C) by the US Centers for Disease Control and the WHO (48, 49), or Pediatric 

Inflammatory Multisystem Syndrome temporally associated with SARS-CoV-2 (PIMS-TS) by 

the UK Royal College of Paediatrics and Child Health (50). The definitions are summarized in 

Table 1 and require presence of fever, single or multi system involvement, inflammation, 

SARS-CoV-2 infection, and exclusion of other diagnoses. The exact incidence of MIS-C 

remains uncertain and its physiopathology, although actively investigated, remains unclear. 

Furthermore, although a majority of children diagnosed with MIS-C responded well to 

immunomodulatory treatments, the long term effect of this new inflammatory syndrome on 

these children remains unknown. 

 

The purpose of this work is to provide a comprehensive overview of the current knowledge 

on this new inflammatory syndrome affecting children with a special focus on clinical 

presentation, immunopathogenesis, treatment and mid- and long-term outcomes.  
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Table 1. Case definitions of multisystem inflammatory syndrome in children  
 Royal College of 

Pediatrics and Child 
Health (United 
Kingdom) 

CDC (United States) WHO 

Name Pediatric inflammatory 
multisystem syndrome 
temporally associated 
with SARS-CoV-2 (PIMS-
TS) 

Multisystem inflammatory 
syndrome in children (MIS-C) 
associated with COVID-19 

Multisystem 
inflammatory syndrome 
in children (MIS-C) 
associated with COVID-19 

Age Child <21 years 0-19 years 

Fever Persistent fever > 
38.5°C 

Fever > 38°C for ≥ 24h Fever for ≥ 3 days 

Clinical features Single or multi-organ 
dysfunction (shock, 
cardiac, respiratory, 
renal, gastrointestinal 
or neurologic disorder) 
with additional features 

Severe illness requiring 
hospitalization with 
Multisystem involvement  ≥ 
2 organ system involved, 
cardiovascular, respiratory, 
renal neurologic, 
hematologic, 
gastrointestinal, 
dermatologic) 

At least two of the 
following: (1) Rash, 
bilateral non-purulent 
conjunctivitis, or muco-
cutaneous inflammation 
signs. (2) Hypotension or 
shock. (3) Cardiac 
dysfunction, pericarditis, 
valvulitis or coronary 
abnormalities. (4) 
Coagulopathy. (5) Acute 
gastrointestinal 
symptoms. 

Covid-19 infection SARS-CoV-2 RT-PCR 
positive or negative 

Positive SARS-CoV-2 RT-PCR, 
or positive serology, or 
positive antigen test, or 
COVID-19 exposure within 
the 4 weeks before onset of 
symptoms 

Positive SARS-CoV-2 RT-
PCR, or positive serology, 
or positive antigen test, 
or COVID-19 exposure 

Exclusion Any other microbial 
cause 

No alternative plausible 
diagnosis 

No other obvious 
microbial cause of 
inflammation 

CDC = Centers for Disease Control and Prevention; COVID-19 = coronavirus disease; SARS-CoV-2 = severe 
acute respiratory syndrome coronavirus 2; RT-PCR = reverse transcription polymerase chain reaction; 
WHO = World Health Organization 
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Method 
 

A narrative approach was chosen for this literature review, aiming at providing data on the 

clinical presentation, immunopathogenesis and outcomes of children presenting with MIS-C. 

References for this narrative literature review were identified through searches of PubMed 

and Google Scholar from 2019 until April 2022, using search terms relevant for each 

subsection, such as: 

(coronavirus disease 19 OR COVID-19) and (children OR inflammation OR complications OR 

immune response OR treatment OR immunomodulation); (multisystem inflammation 

syndrome  in children OR MIS-C OR Pediatric Inflammatory Multisystem Syndrome 

temporally associated with COVID-19 OR PIMS-TS ) AND  (diagnosis OR symptoms OR 

cardiovascular OR neurological OR gastrointestinal OR shock OR Kawasaki disease OR 

inflammation OR cytokines OR immune response OR treatment OR immunology OR 

immunomodulation OR cytokine storm OR coagulopathy OR complications OR outcome ) as 

appropriate. 

References were additionally identified though searches of the reference lists of already 

included articles. Only papers published in English were reviewed and the final reference list 

was based on the papers identified and deemed to be the most cited, high-quality, 

accessible, and relevant to the current narrative literature review on MIS-C. 
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Discussion 

 

1.0 MIS-C epidemiology 

The exact incidence of MIS-C is uncertain and may vary by patient characteristics such as 

age, sex, race, and geographic location. Dufort et al reported an overall incidence of MIS-C in 

New York state of 2 cases per 100’000 persons younger than 21 years during March 1 to 

June 30, 2020 (51). Regarding the incidence of MIS-C per infected children, it has been 

reported that MIS-C occurred in < 1% of children infected with SARS-CoV-2 with an 

estimated incidence of 31.6 out of 100’000 infected children(52). Unlike severe acute COVID-

19 illness in children, which affects more often children with underling healthy problems, 

MIS-C is affecting typically healthy children with a median age between 8 to 11 years old 

(range 1 to 20 years old) and slightly higher proportion of boys (57%). The most frequent 

reported comorbidities in MIS-C patients were asthma and obesity with children from some 

ethnic groups such as the African-Americans and Hispanic communities being 

overrepresented (45, 46, 51, 53). MIS-C cases were typically observed following the peak 

incidence of COVID-19 in the general population and usually 2-6 weeks after SARS-CoV-2 

infection (51, 53). By June 2022, a total of approximately 232 MIS-C cases were reported in 

Switzerland and the distribution of the cases in Geneva overtime is illustrated in Figure 1. 

The graph shows 3 peaks for MIS-C in April 2020, in November-December 2020, and in late 

December 2021-January 2022. Interestingly, the first 2 peaks followed the COVID-19 children 

and adults peaks by approximately 2-5 weeks. We also noticed that after the second MIS-C 

peak, there were continuous MIS-C cases from January until end of April 2021. The timing of 

the MIS-C cases related to the COVID-19 pandemic in Geneva is similar to what has been 

reported worldwide.  
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Figure 1. Reported cases of multisystem inflammatory syndrome in children by epidemiologic week 
of onset compared with cases of COVID-19 in children and youth aged 0-19 years and adults, Geneva 
between February 24, 2020 and March 28, 2022. Abbreviations: COVID-19 = coronavirus disease 
2019; MIS-C = multisystem inflammatory syndrome in children. aData source: MIS-C reporting 
Geneva University Hospitals. bData source: Coronavirus disease 2019 surveillance system Geneva, 
Switzerland. SARS-CoV-2 variants: Variant Beta (B.1.351); variant Delta (B.1.617.2); variant Omicron 
(B1.1.1529) 
 
 

2.0 MIS-C clinical presentation  

MIS-C is a condition with clinical features affecting multiples organs, including the cardiac, 

gastrointestinal, mucocutaneous, respiratory, neurological, and hematological systems. 

Clinical signs and symptoms are summarized in Figure 2. Patients with MIS-C usually 

presented with persistent fever, very frequently associated with gastrointestinal symptoms 

such as abdominal pain, vomiting, and/or diarrhea. Children with MIS-C were also very often 

complaining of mucocutaneous symptoms reminiscent of KD, including conjunctivitis, skin 

rash, oral mucosal changes, or swollen extremities. The clinical presentation involves a 

continuum of severity ranging from mild symptoms to multi-organ failure with lethargy, 

hypotension and shock requiring admission to the pediatric intensive care unit (PICU)  
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Figure 2. Schematic representation of the clinical signs of multisystem inflammatory syndrome in 
children. Red text indicates signs or symptoms consistent with Kawasaki disease; black text indicates 
signs that are rare in Kawasaki disease. Percentages and ranges in brackets are those from the 
current literature review. 
 

 

2.1 MIS-C laboratory findings 

As per definition, all MIS-C patients have elevated inflammatory markers including C-reactive 

protein (CRP), procalcitonin, erythrocyte sedimentation rate (ESR), and ferritin. They also 

present with hematological abnormalities including elevated white blood cell count with 

concomitant lymphopenia, low to normal platelet levels, elevated D-dimer, and elevated 

fibrinogen. Myocardial injury markers such as troponin and/or N-terminal-pro hormone B-

type natriuretic peptide (NT-proBNP) are also frequently elevated in MIS-C patients (46, 51). 

Other common findings included hyponatremia, acute kidney injury, and hypoalbuminemia. 

It has been shown that some laboratory markers appear to correlate with severity of illness 

(46, 54). As demonstrated in Table 2, inflammatory and myocardial injury markers were 

significantly higher in MIS-C patients admitted at the University Hospital of Geneva with 

shock as compared to MIS-C patients admitted without shock.  
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Table 2. Laboratory data of patients reported with multisystem inflammatory syndrome in children (MIS-C) 

Laboratory values MIS-C (Total) 
(n = 17) 

Non-Shock MIS-C 
(n = 7) 

Shock MIS-C 
(n = 10) 

P value# 

WBC count (x109/L) 7.9 (6.5-10.35) 8.1 (7.2-8.7) 7.6 (5.6-13) .845 
Neutrophil count (x109/L) 6.9 (4.65-10.1) 6.9 (4.4-8) 6.8 (4.7-10.7) .625 
Lymphocyte count (x109/L) 0.6 (0.2-1.2) 0.74 (0.5-2.2) 0.52 (0.16-0.83) .118 
Platelets (x109/L) 145 (113.5-207.5) 199 (151-235) 127 (100-146.8) .019 
CRP (mg/mL) 214(181-286) 198 (136-265) 233 (190-329) .143 
PCT(µg/L) 8 (1.7-19.3) 1.8 (1.1-5.5) 13.9 (7.4-43.9) .006 

Il-6 (pg/mL) 93.5 (34.2-229.4) 74.6 (3.9-94.4) 129.5 (88.8-928) .03 
TNF-a (pg/mL) 19.8 (11.2-28.7) 11 (4.7-13.9) 27.7 (20.4-43.2) .001 

INR 1.08 (1-1.17) 1.06 (1-1.25) 1.09 (1.04-1.16) .660 
PT (%) 86 (72.5-97.5) 80 (62-100) 85 (74.3-92.5) .590 
PTT (sec) 36.9 (31.9-40) 35.3 (31-37) 38.3 (34.1-41) .241 
Fibrinogen (g/L) 5.3 (5-7.4) 5.6 (5.1-8.1) 5.1 (4.5-6.5) .101 

D-dimers (g/L) 3924 (2071-7539) 1969 (1527-2677) 6433 (3908-9178) .002 
Albumin (g/L) 30 (26-33) 32 (30-37) 27 (25-31) .028 
NT-proBNP (ng/mL)a 5422 (2591-21204) 2722 (1334-3978) 15724 (4217-32485) .02 
Troponin (ng/mL) 65 (31-214) 133 (35-199) 51 (27-246) .696 

Data are presented as median (interquartile range). CRP = c-reactive protein; PCT = procalcitonin; IL-6 = interleukin-6; 
TNF-a = tumor necrosis factor a; NT-proBNP = N-terminal probrain natriuretic peptide; PT = prothrombin time 
(percentage activity); PTT = partial thromboplastin time; INR = international normalized ratio. #Non-shock MIS-C vs shock 
MIS-C, Mann-Whitney U test. a Missing NT-proBNP data in 2 patients in the Non-shock MIS-C group and 1 patient in the 
Shock-MIS-C group. 
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2.2 MIS-C cardiovascular manifestations 

Cardiac involvement occurs in up to 67-80% of children with MIS-C and represents a key 

feature of this new post infectious proinflammatory syndrome that helps to distinguish it 

from other proinflammatory syndrome in children, such as hemophagocytic 

lymphohistiocytosis, toxic shock syndrome or Kawasaki Disease (55). The most frequent 

cardiac manifestations reported included ventricular dysfunction, valvular regurgitation, 

coronary artery dilatation, arrhythmia, and conduction abnormalities.  

 

2.2.1 Ventricular dysfunction 

Several review of cardiac involvement in children with MIS-C reported ventricular 

dysfunction in 33 to 58% patients (55-58). Main echocardiography findings were evidence of 

both systolic and diastolic dysfunction with hypokinesia of the left ventricular wall and 

interventricular septum, left ventricular dilatation, atrioventricular valve regurgitation, and 

pericardial effusion. A reduction in left ventricular ejection fraction (< 55%) was reported in 

34-50% of children with MIS-C (55-57, 59-62) and echocardiographic strains studies 

indicated abnormal ventricular strains in 11.4% of MIS-C patients (61). Abnormalities of 

diastolic function as evaluated by spectral and tissue doppler and strain were also described 

in MIS-C patients (61, 62). Interestingly, some MIS-C patients presented persistent abnormal 

ventricular strain associated with evidence of diastolic dysfunction after normalization of left 

ventricular ejection fraction (60, 61). Investigations of MIS-C patients during the acute phase 

by cardiac magnetic resonance (CMR) revealed signs of diffuse myocardial hyperemia and 

edema with hyperintensity in T2-short tau inversion recovery (STIR) sequences in 33-50% of 

scanned patients. Late gadolinium enhancement as evidence of myocardial fibrosis was 

uncommon during the acute phase of MIS-C and noted in 0-14% of scanned patients (56, 62, 

63). Strain abnormalities were also observed on CMR in children presenting reduced left 

ventricular ejection on echocardiography (62). Cardiac biomarkers including troponin T and 

NT-proBNP were elevated in a large proportion of children with MIS-C and cardiac 

abnormalities on echocardiography and/or CMR. NT-proBNP levels were associated with the 

severity of myocardial injury in MIS-C patients (64, 65).  
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2.2.2 Coronary artery abnormalities 

MIS-C, initially name Kawasaki-like disease because of the similar clinical picture with 

mucocutaneus involvement and conjunctivitis, shares another important clinical feature 

with KD that is the development of coronary dilatation, which has been reported in 

approximately 8-26% of MIS-C patients (55, 56, 66-68). The coronary artery dilatation is 

most often mild, but they are reports of children with MIS-C who developed severe coronary 

artery dilatation and, in rare cases, aneurysm (43, 45, 69). Although the presence of 

coronary artery dilatation has been described in MIS-C children with all type of clinical 

presentation/phenotype, it appears that the development of coronary artery abnormalities 

is more common in male children presenting with mucocutaneus and conjunctival 

involvement (54).  

 

2.2.3 ECG abnormalities 

ECG abnormalities were seen in 28-67% of MIS-C patients on admission (70) and the most 

common findings were low QRS amplitude and repolarization changes (abnormal ST- or T-

wave segment) (51%) followed by first -degree block with prolonged PR interval (6.3-25%), 

second-or third-degree heart block (7%), QT prolongation (28%) or QRS prolongation (4%). 

 

3.2.4 Pathogenesis of cardiovascular involvement in MIS-C 

The pathogenesis of the cardiovascular manifestations in children with MIS-C remains not 

completely elucidated but appears to be likely multifactorial. The presence of elevated 

cardiac enzymes may indicate cardiomyocyte injury with a clinical picture of myocarditis 

caused by direct virus-mediated myocardial damage and/or host systemic immune response. 

Autopsy reports in MIS-C patients are limited but have demonstrated the presence of diffuse 

interstitial inflammation involving the endocardium, myocardium and pericardial with areas 

of myocardial necrosis. Interestingly SARS-CoV-2 could be detected in all of those patients in 

the lungs, heart and kidney as well as in endothelial cells from the heart and brain by one 

method (RT-PCR, immunohistochemistry or electronic microscopy) despite negative 

nasopharyngeal PCR testing for SARS-CoV-2 (71, 72).  

 

However, some MIS-C patients may present with severe distributive shock and multiple 

organ failure requiring fluid resuscitation, inotropic support, and for the most severe cases 
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mechanical ventilation and extracorporeal membrane oxygenation (ECMO) but only mildly 

elevated troponin and normal or only slightly decreased ventricular function. This mode of 

presentation suggests that endothelial dysfunction may be involved in the cardiovascular 

manifestations of MIS-C. Indeed, the endothelium plays a major role in the regulation of 

vascular tone, vascular remodeling, immunity, inflammation, and platelet aggregation. It has 

been shown that the endothelium can be damaged with altered function in context of 

inflammation (73) and that endothelium dysfunction contributes to COVID-19 associated 

vascular inflammation and coagulopathy (74). The endothelial glycocalyx, which covers the 

luminal surface of endothelial cells, plays a key role in the regulation of inflammation and 

vascular permeability. Injury to the endothelial glycocalyx has been demonstrated in trauma 

and septic patients (75-77) and also recently in adult patients with severe COVID-19 (78, 79). 

In a recent study, we have demonstrated that children admitted with MIS-C presented signs 

of glycocalyx degradation with elevated levels of syndecan-1 in the blood and both heparan 

sulfate and chondroitin sulfate in the urine (Figure 3a) (65). The degree of glycocalyx 

shedding was more elevated in children admitted with MIS-C and shock than in children 

admitted with MIS-C without shock (Figure 3a). Glycocalyx degradation decreased overtime 

with normalization of circulating syndecan-1 levels at a median time of 100 days after 

symptoms onset (Figure 3b). Furthermore, the degree of glycocalyx shedding correlated with 

the level of circulating proinflammatory cytokine TNF-a (Figure 3c). In line with our findings, 

Ciftel et al. recently demonstrated the presence of endothelial dysfunction with lower flow-

mediated dilatation in MIS-C patients that correlated with reduced aortic strain, aortic 

distensibility, and reduced ejection fraction (80).  
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Figure 3: Syndecan-1 concentration increases in children with MIS-C. (a) Admission level of syndecan-
1 (ng/ml) in healthy, MIS-C without shock and MIS-C with shock patients. Data represent median with 
interquartile range of plasma and serum samples. **P < 0.01, Mann-Whitney test (non-shock MIS-C vs 
shock-MIS-C) and (healthy controls vs total MIS-C patients). Black open circle = serum sample and red 
full circle = plasma sample (b) Time course of syndecan-1 plasma concentration in children admitted 
with MIS-C since hospital admission. The limit of detection of the ELISA is represented by a dotted line. 
Control data are the average of three control samples. (c) Correlation of plasma syndecan-1 with NT-
proBNP, IL-6, and TNF-a. Spearman correlation test. IL-6 = interleukin-6; MIS-C = multisystem 
inflammatory syndrome in children; NT-proBNP = N-terminal probrain natriuretic peptide. TNF-a = 
tumor necrosis factor a. 
 

 

Although the exact mechanism of the different cardiovascular manifestations of MIS-C 

remains to be determined, its transient nature, with rapid recovery of LV systolic function 

and resolution of shock within 1 to 2 weeks of diagnosis, suggests that cardiovascular 

dysfunction may be secondary to cytokine milieu, systemic inflammation, and acute stress 

cardiomyopathy rather than a direct virus cytotoxic effect. 

 

2.3 MIS-C coagulopathy 

Patients with MIS-C presented typically abnormalities in their coagulation cascade with 

elevated fibrinogen and D-dimers (43, 53) . Coagulation profiles performed in MIS-C patients 

using rotational thromboelastometry (ROTEM) revealed a prothrombotic state with 

a b

c
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increased clot strength and slower fibrinolysis that correlated with D-dimer levels, peak 

platelet count, and erythrocyte sedimentation rate (81, 82). Derangement of hemostasis 

characterized by a prothrombotic state with increased thrombin generation and decreased 

fibrinolysis has been described in adults infected with SARS-CoV-2 (83) and was associated 

with an increased risk for thromboembolic while receiving therapeutic or prophylactic 

anticoagulation (84). Despite similar prothrombotic state, the risk of a thromboembolic 

events in children with MIS-C as compared to an adult with COVID-19 appear to be 

significantly lower with reported rate of thromboembolism of 3-6.5% in children with MIS-C 

(53, 85, 86) as compared to 20-40% in adults with severe COVID-19 (87). In absence of good 

data on the overall risk of thrombosis in children with MIS-C, guidelines for the management 

of thromboprophylaxis in patients with MIS-C were developed primarily based on evidence 

in analogous conditions such as KD and adult COVID-19. A phase 2 multi-center clinical trial 

is under way to determine the safety, dose requirements, and enoxaparin 

thromboprophylaxis in children hospitalized with SARS-CoV-2 related illness, including MIS-C 

(88). In the meantime, current guidelines suggest considering prophylactic anticoagulation 

based on the patient’s risk for venous thromboembolism. Following factors were associated 

with an increased baseline risk for venous thromboembolism: patients > 12 years, altered 

mobility, obesity, known thrombophilia, history of thrombus, patients in critical condition, 

and presence of markedly elevated plasma D-dimer levels (eg, ³ 5 times the upper limit of 

normal values)(89). Furthermore, considering the significant inflammatory vascular injury in 

MIS-C and as per analogy with KD, it is also recommended to start a treatment with low dose 

aspirin in all children with MIS-C that have no active bleeding or significant bleeding risk. 

 

2.4 MIS-C gastrointestinal manifestations 

Gastrointestinal (GI) signs and symptoms represent prominent features of MIS-C and are 

reported in 84-92% of MIS-C patients (53). Interestingly up to 29% of MIS-C patients had 

consulted within 7 days before hospitalization at an emergency room with fever and GI 

symptoms mimicking typical viral gastroenteritis with conservation of good general state 

and absence of other organ involvement (90). When abdominal imaging studies (abdominal 

sonography and CT) were performed, the most frequent findings were inflammatory bowel 

changes with diffuse bowel wall thickening, including marked terminal ileitis, mesenteric 

lymphadenitis, and ascites (90). Figure 4 illustrates inflammatory bowel changes and 
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mesenteric lymphadenitis found on abdominal CT in one MIS-C patient admitted at the 

University Hospital of Geneva.  

 

 
Figure 4. A: Axial CT with IV contrast in a MIS-C patient demonstrating right colon wall edema (white 

arrow). B: Coronal reconstruction from CT with IV contrast demonstrating mural thickening of the 

terminal ileum (white arrow) and mesenteric and retroperitoneal lymphadenopathy (white circle). 

 

 

Differentiating acute appendicitis, viral gastroenteritis or inflammatory bowel disease from 

abdominal symptoms of MIS-C may be difficult both clinically and on abdominal imaging 

studies in particular abdominal CT given that frank appendiceal and right fossa inflammation 

or bowel wall thickening can be seen in respectively acute appendicitis and inflammatory 

bowel disease and MIS-C (91). There are reports indicating that up to 10% of children with 

final diagnosis of MIS-C were surgically explored for suspected appendicitis, highlighting the 

diagnostic challenge of this new pediatric syndrome mimicking numerous common pediatric 

diseases. The involvement of other organ system, such as the cardiovascular system or the 

presence of mucocutaneous symptoms with elevated inflammatory and myocardial injury 

biomarkers such as D-dimer, fibrinogen, and troponin may help to further distinguish MIS-C 

from surgical and inflammatory abdominal pathologies.  

 

The mechanism for the GI manifestations in MIS-C remains unclear. It has been shown that a 

high density of ACE2 receptors is present on the surface of the absorptive enterocytes of the 

small intestine and the colon as well as on the surface of vascular epithelium, which may 

explain the GI symptoms in both adult and pediatric patients with acute SARS-CoV-2 

infection. However, SARS-CoV-2 is rarely detected in both stool and ileocolic biopsy samples 
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from MIS-C patients by conventional methods. Interestingly, microscopic examination of 

ileocolic specimens from MIS-C patients found marked transmural lymphocytic inflammation 

and focal acute enteritis but also numerous venous microthrombi distributed in all layers of 

the ileum as well as signs of arteritis (92). Despite the absence of morphological evidence of 

acute bowel ischemia, it is possible that the vascular involvement in the gastrointestinal 

systems with presence of microthrombi and vasculitis in response to overwhelming 

inflammation may explain in part the gastrointestinal manifestations in MIS-C. In a recent 

study, Yonker et al suggested another potential mechanism that links the gastrointestinal 

symptoms and the severe inflammatory response in MIS-C (93). In their study, they were 

able to demonstrate by PCR in stool samples the presence of SARS-CoV-2 in the GI several 

weeks after initial SARS-CoV-2 infection or exposure. Dysbiosis caused by the presence of 

SARS-CoV-2 in the GI tract induced the release of zonulin, an important regulator of 

intestinal permeability, into the circulation resulting in the loss of GI mucosal barrier. As a 

result of the loss of gut integrity, circulating SARS-CoV-2 antigens, in particular SARS-CoV-2 

spike, S1 and nucleocapsid antigens, could be detected in these MIS-C patients, which may 

be driven the hyperinflammatory responses of MIS-C. The administration of zonulin 

antagonist, larazotide to a patient with severe and refractory MIS-C induced rapid clinical 

improvement with defervescence and reduction of SARS-CoV-2 antigenemia and 

proinflammatory markers. These data support the role of intestinal leakage of SARS-CoV-2 

antigens in the pathogenesis of MIS-C by triggering and maintaining a profound 

proinflammatory response. 

 

2.5 MIS-C neurologic manifestations  

Although gastrointestinal and cardiovascular symptoms were among the most frequently 

reported symptoms in MIS-C, 6-58% of patients presented also with neurological symptoms, 

potentially life-threatening in some cases, affecting both the central and peripheral nervous 

system (53, 94-96). The most frequent reported neurological signs in MIS-C patients were 

encephalopathy with behavior changes and altered level of consciousness (88%), 

hallucinations (36%), headaches or meningism (40%), seizures, peripheral nervous system 

involvement (40%), and focal central nervous system (CNS) involvement (ataxia, stroke) (97). 

Cerebrospinal fluid (CSF) analysis in those patients were frequently normal with absence of 

SARS-CoV-2 detected by PCR. The electroencephalogram (EEG) showed nonspecific focal or 
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general background slowing consistent with encephalopathy or presence of epileptic 

charges in some patients (94). Up to 76 % of MIS-C patients presented abnormal findings on 

cerebral magnetic resonance imaging (MRI) or CT. Although some children presented signs 

of stroke or diffuse cerebral oedema, a typical finding on cerebral imaging in MIS-C patients 

was changes involving the splenium of the corpus callosum consistent with mild 

encephalopathy with reversible splenial lesions syndrome (RESLES) (95-100). Interestingly 

RESLES had also been observed in children with KD (101, 102) as well as in other viral (103, 

104) and inflammatory encephalopathies (105, 106). RESLES represents intramyelinic edema 

in the corpus callosum as a result of cytokine mediated glutamate release. Although most of 

the neurological symptoms were self-limiting and improved over time, some children 

presented persistent neurological symptoms, with reports of children developing 

devastating neurological sequelae or dying as the result of their neurological complication 

(96). Underlying pathogenesis of neurological manifestations and complications in MIS-C 

remained unclear. The current proposed mechanism, extrapolated from animal and basic 

science studies, include direct viral infection of the nervous system and its vasculature, or a 

cytokine driven neuroinflammation either secondary to local infection and/or secondary to 

systemic infection. Although animal models have demonstrated the expression of ACE2 and 

transmembrane serine protease 2 (TMPRSS2) on neurons and glial cells (107), data 

supporting the hypothesis of a direct viral effect upon the central nervous system is poor 

with the identification of SARS-CoV-2 in the brain made technically difficult and limited to 

the detection of the virus by PCR in the CSF (96, 97). In a recent study, Sa et al. have shown 

that children admitted with MIS-C with neurological symptoms had significantly higher 

systemic inflammatory markers than children with MIS-C without neurological features (94). 

Furthermore, they demonstrated that among the children with neurological features, peak 

inflammatory markers and D-dimer levels measured during the acute phase were higher in 

children with persistent neurological sequalae at 3-month follow-up as compared to children 

with complete neurological recovery. These findings support the hypothesis of a 

neuroinflammation driven by a systemic para or postinfectious immune-mediated 

phenomenon. 
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3.0 MIS-C treatment  

In MIS-C patients, goals of treatment are to restore immune homeostasis in patients with life-

threatening manifestations and to prevent long-term sequelae, that may include coronary 

artery abnormalities, myocardial fibrosis or central or peripheral nervous systems 

dysfunction. Both intravenous immunoglobulin (IVIG) and glucocorticoids represent the most 

used immunomodulatory medications reported in MIS-C patients (43, 45-47, 51, 53, 108-113). 

In the absence of randomized controlled clinical trials, the paucity of high-quality evidence for 

management results in significant variability across clinical practice worldwide. To provide 

guidance to healthcare providers taking care of MIS-C patients numerous expert-based 

guidelines extrapolated from other inflammatory or rheumatic conditions with similar clinical 

presentations (eg, KD, cytokine release syndrome, and macrophage activating syndrome) 

started to be published (114). In December 2020, a Swiss experts consensus guideline was 

developed as “Best Practice Recommendations for the Diagnosis and Management of Children 

with Pediatric Inflammatory Multisystem Syndrome Temporally Associated with SARS-CoV-2 

(PIMS-TS; Multisystem Inflammatory Syndrome in Children, MIS-C) in Switzerland” to 

standardize management in Switzerland (115). The Swiss Best Practice guidelines was applied 

in Geneva in December 2020 and Table 3 describes clinical characteristics, biologic data, 

treatments, and outcome in MIS-C patients admitted before (pre-protocol group) and after 

the implementation of the guidelines (post-protocol group). Overall, there were no significant 

differences in clinical characteristics and laboratory values (including proinflammatory and 

myocardial injury markers) at admission between the two groups.  
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Table 3 Comparison between patients admitted with multisystem inflammatory syndrome in children (MIS-C) before and after 
the introduction of MIS-C best practice guidelines 

 Overall  
(n = 20)  

Pre-protocol group  
(pre-MIS-C guidelines) 
(n = 6) 

Post-protocol group 
(post-MIS-C guidelines) 
(n =14) 

P value*  

Patient’s 
characteristics 

    

Age  10 (8-13) 10.5 (10-11.5) 9 (6.5-13) .587 

Male 16 (80) 5 (83.3) 11 (78.5) 1.0 

BMI  17.3 (14.8-23.8) 18 (15.8-26.7) 16.6 (14.2-22.1) .334 

Comorbidities 0 0  0  1.0 

Day of illness at 
admission  

6 (5-6.8) 7 (4.8-8) 5.5 (4.8-6) .190 

Laboratory tests      

CRP (mg/mL) 239.4 (189.3-290.5) 233 (172.5-280.8) 222.4 (184.8-304.6) .741 

PCT (µg/L) 5.9 (1.7-14.8) 12.1 (2.3-61.7) 5.53 (1.64-11.4) .219 

Il-6 (pg/mL) 92.6 (20.8-146.1) 85.5 (61.1-226.1) 94.4 (9.9-201.6) 1.0 

TNF-a (pg/mL) 19.7 (9.9-27.7) 28.4 (11.3-54) 18.1 (8.8-22) .136 

D-dimers (g/L) 4093 (1989-7071) 4247 (3924-7478) 2893 (1908-7227) .355 

Albumin (g/L) 26 (24.3-28) 24 (22.5-29) 26.5(25-30) .229 

Myocardial injury 
markers 

    

NT-proBNP (ng/mL) 5625 (2460.5-24594) 17814# 5422 (2025-19637) .231 

Troponin (ng/mL) 88 (30.5-192.3) 182.5 (43.75-251.5) 61 (27.3-168.3) .322 

Cardiac involvement,      

LVEF < 55% 8 (40) 2 (33) 6 (43) 1.0 

Coronary 
abnormalities  

4 (20) 2 (33) 2 (14) .549 

Treatment     
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Admission to ICU 18 (90) 4 (66.6) 14 (100) .079 

Invasive mechanical 
ventilatory support  

2 (10) 2 (33.3) 0 (0) .079 

Dialysis  1 (5) 1 (16) 0 (0) .3 

Vasoactive 
medications  

12 (60) 4 (66.6) 8 (57) 1.0 

IVIG  17 (85) 3 (50) 14(100) .018 

Corticosteroids 17 (85) 3 (50) 14 (100) .018 

Biologics 6 (30) 4 (66.6) 2 (14) .037 

Outcome     

ICU length of stay 
(days)  

4 (1.8-7) 10 (7.5-13.3) 2 (1-5) .003 

Hospital length of stay 
(days) 

7 (6.3-9.8) 9.5 (8.5-23.5) 7 (5.8-8.3) .015 

Survival to discharge 20 (100) 6 (100 %) 14 (100 %)  1.0 

Data are presented as median (interquartile range) for continuous variables or No (%) for binary variables. CRP = c-reactive 
protein; PCT = procalcitonin; IL-6 = interleukin-6; TNF-a = tumor necrosis factor a; NT-proBNP = N-terminal probrain natriuretic 
peptide; LVEF = left ventricular ejection fraction; IVIG = intravenous immunoglobulin NA = non-applicable. # Data available only 
in 3/6 patients. *pre-protocol group vs post-protocol, Mann-Whitney U test or Fisher exact test 
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However, the application of the best practice recommendation for the management of MIS-C 

had a significant impact on the treatment regimens among the two groups. All the patients in 

the post-protocol group received a single dose of IVIG and systemic corticosteroids as 

compared to only 3 patients from the pre-protocol group (100% vs 50%; P = .018). In addition, 

biologics (Anakinra, a recombinant human IL-1 receptor antagonist or Tocilizumab, an IL-6 

receptor antagonist) were used only in two patients from the post-protocol group as 

compared to 4 patients from the pre-protocol group (14% vs 67%; P = .037). 

Both ICU and total hospital LOS were significantly shorter for patients from the post-protocol 

group as compared to patients from the pre-protocol group (2 days [IQR 1-5 days] vs 10 days 

[IQR 7.5-13.3 days]; P = .003) and 7 days [IQR 5.8-8.3 days] vs 9.5 days [IQR 8.5-23.5 days]; P 

= .015). There was also a lower proportion of patients from the post-protocol group that 

required invasive mechanical ventilatory support or dialysis as compared to patients from the 

pre-protocol group (0% vs 33%; P = .079 and 16% vs 0%; P = .3). Figure 5 illustrates the effect 

of IVIG, systemic corticosteroids and biologics on the fever and requirement for vasoactive 

support among the 8 patients from the post-protocol group presenting with the most severe 

form of MIS-C. We observed that in four patients (MISC10, MISC11, MISC12, and MISC13) 

vasoactive support could be stopped within 72 hours after IVIG injection and corticosteroids 

therapy without recurrence of fever. In patient MISC18, treatment was started with a delay 

because of initial suspicion of toxic shock syndrome. Once the MIS-C diagnosis was made and 

MISC18 patient received IVIG and corticosteroids, the vasoactive support could be weaned 

within 24 hours without fever recurrence. Three patients (MISC07, MISC08 and MISC16) 

presented persisting fever and hemodynamic instability that failed to respond to first line 

therapy with IVIG and corticosteroids. They all required, as per protocol, a second line 

treatment with Anakinra (MISC7 and MISC08) or a second dose of IVIG (MISC16) to which they 

all responded well.  
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Figure 5: Timeline of response to immunomodulatory treatments on fever and requirement for 
vasopressors in 8 MIS-C patients from the post-protocol group. Time in days since admission is shown 
on the horizontal axis. The vertical axis shows the response to different immunomodulatory treatment, 
including IVIG (brown triangle), steroids (inverted blue triangle), biologics (rotated black square) on 
fever (purple circle) and requirement for vasopressors (red square). CA = coronary artery 
abnormalities; IVIG = intravenous immunoglobulin; MIS-C: multisystem inflammatory syndrome in 
children. 
 
 

 

Current data from the literature on the efficacy of the different immunomodulatory 

treatments (IVIG, systemic corticosteroids, and biologics) are limited to three recent large 

retrospective cohort studies (59, 116, 117). McArdle et al. compared IVIG versus IVIG plus 

glucocorticoids and IVIG versus glucocorticoids alone in a large international cohort study of 

MIS-C patients. They found no differences on the composite primary outcome of inotropic 

support or mechanical ventilation by day 2 or later or death among the different treatment 

regimens (117). These results are different from the findings of two other cohort studies, 

which found a beneficial effect of IVIG plus glucocorticoids as compared to IVIG alone, with a 

lower rate of treatment failure (defined by the persistence of fever at day 2) (116), and 

requirement for second line treatment and a lower rate of cardiovascular dysfunction on day 

2 (59). Many factors may explain the divergent findings among these three studies: differences 

in the study populations with various degree of MIS-C severity, time-period of the study with 

variations in circulating viral variants, and differences in the criteria used for the initiation and 

escalation of the different immunomodulatory treatments. In response to the urgent need of 

data on the effectiveness of the different immunomodulatory drugs and treatment regimens 

for MIS-C patients, two pediatric randomized multicenter clinical trial, the Swissped 

RECOVERY (NCT04826588; Swissped RECOVERY) and the United Kingdom RECOVERY 
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(NCT04381936;UK RECOVERY) were recently launched in 2021 to assess the effectiveness of 

IV methylprednisolone and IVIG in hospitalized MIS-C patients. Swissped RECOVERY was 

inspired by RECOVERY trial running in the UK. The protocol (including inclusion/exclusion 

criteria and primary outcome of hospital length of stay) was similar and the main difference 

between the two studies lies in the different randomized treatment arms with 3 treatment 

arms in the UK RECOVERY (standard of care vs IVIG vs methylprednisolone) and 2 treatments 

arms in the Swissped RECOVERY (IVIG vs methylprednisolone, but no standard of care arm). 

While waiting the results of those two clinical trials, the current available evidence on the best 

management of children admitted with MIS-C consists of a stepwise approach with the use of 

a dual therapy with both intravenous immunoglobulin and glucocorticosteroids considered as 

a first-line treatment for most hospitalized patients, in particular the ones with the most 

severe presentation who present signs of shock and/or severe encephalopathy (114). This is 

based on the recent evidence from cohort studies that suggest a potential benefit of the 

combined therapy with IVIG plus glucocorticosteroids to lower the risk of treatment failure, 

improve left ventricular function and the need for adjunctive immunomodulatory therapies 

(59, 116-118). For MIS-C patients who are considered refractory to this first line of 

immunomodulatory treatment, with persistent fevers and/or significant end-organ 

dysfunction within the first 24 hours of treatment, intensification therapy is recommended 

with either high-dose (10-30mg/kg/day) glucocorticoids or biologics such as anakinra or 

infliximab (114). Anakinra and Infliximab (TNF-a inhibitor) represent two proinflammatory 

cytokine inhibitors that are frequently used as adjunct therapies or steroid-sparing agents for 

MIS-C (46, 53, 113, 119-124).  

 

Vaccination against SARS-CoV-2 started worldwide in December 2020 (125) and in Switzerland 

the vaccination campaign was organized in 3 phases: initially only for adults (as of December 

2020), then open to teenagers > 12 years old (as of June 2021), and finally open to children 5-

11 years old (as of December 2021). Since the beginning of the vaccination campaign among 

adolescents, two recent publications have shown that COVID-19 mRNA vaccination was highly 

protected against MIS-C among fully vaccinated adolescents aged 12-18 yo who received 2 

doses (126, 127). In our center in Geneva, 100% of all patients admitted to the hospital with a 

diagnosis of MIS-C were unvaccinated, which is consistent with the results of those two recent 

studies who reported that 95-100% of hospitalized MIS-C patients were either unvaccinated 
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or partially vaccinated. It is important to mention that cases of children who developed MIS-

C after SARS-CoV-2 vaccination without evidence of SARS-Co-2 infection have been recently 

reported (128, 129). Although this possible complication of the COVID-19 vaccination needs 

to be closely monitored, it remained however a very rare complication with a reporting rate 

lower than 1 per million vaccinated individuals aged 12-20 years and a reassuring clinical 

course with all patients being able to be discharged home.  

 

4.0 MIS-C immunopathogenesis  

MIS-C is characterized by a severe and uncontrolled hyperinflammatory syndrome with 

multiorgan involvement appearing weeks after SARS-CoV-2 infection and sharing clinical 

features with TSS, KD, macrophage activating syndrome (MAS), and cytokine release 

syndrome. Although its pathogenesis remained unclear, recent studies were able to bring 

some insight into its immunopathogenesis by performing a throughout immune profiling and 

immunophenotyping in MIS-C patients and in adults and children with acute SARS-CoV-2 

infection or children with KD using various techniques including proteomics, RNA 

sequencing, autoantibody arrays, and B cell receptor repertoire analysis 

 

4.1 Biomarkers profile of MIS-C patients 

Systemic inflammatory cytokines and chemokines such as IL-1b, IL-6, IL-8, IL-10, IL-17, IL-18, 

IFN-g, monocyte chemoattractant protein 1 (MCP-1/CCL2), and interferon gamma-induced 

protein 10 (IP-10/CXCL10) were all significantly elevated in MIS-C patients as compared to 

healthy controls (130-132). When organizing these different biomarkers according to 

pathways we can see that the following pathways were highly activated in MIS-C patients : 

type II IFN signaling (IFN-g, C-X-C motif chemokine ligand 9 (CXCL9) and CXCL10), 

macrophage activation (IL-6, soluble tumor necrosis factor receptor I (sTNFRI), IL-10, soluble 

form of the IL-2 receptor (sCD25), IL-17, TNF-a, chemokine ligand 2 (CCL2), CCL3, CCL4, 

ferritin and IL-15), neutrophil activation (myeloperoxidase (MPO) and lactoferrin), and 

matrisome-related inflammation (matrix metalloproteinase-9, (MMP-9), soluble isoform of 

ST2 (sST2)/sIL-33R and chemokine fractalkine (CX3CL1) (133, 134). Proteomic 

characterization revealed different profiles allowing the differentiation of severe MIS-C from 

mild disease and from KD. Proteins involved in proteolysis, classical complement cascade, 
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coagulation, acute phase response, and inflammation (RP, S100A9, SAA1, SAA2, STAT3, 

FCGR3A, LBP, CD163, ORM1, SERPINA1, SERPINA3, TIMP1, TLN-1, VWF, various Igs, and 

components of the C1 complex of the complement system ) were significantly more elevated 

in severe MIS-C patients as compared to mild MIS-C (135). Interestingly, MIS-C patients 

presented low levels of C-C motif chemokine 22 (CCL22), a homeostatic chemokine 

promoting regulatory T cell migration and function that is negatively regulated by IFN-g (136, 

137) as compared to healthy controls. The reduced regulatory T cell responses secondary to 

low CCL22 levels might promote uncontrolled inflammation in MIS-C. When reassessing 

these biomarkers overtime, it has been shown that most of them decreased during 

hospitalization in parallel with clinical improvement and after treatment with IVIG and/or 

glucocorticoids (133). Multiple components of the complement pathway, including 

complement proteins C9 and C5b-9, were also elevated in MIS-C patients with notably 

higher levels in patients with the most severe form of MIS-C (130).  

 

When comparing MIS-C and KD biomarker profiles, both shared some similar protein profiles 

indicating similar pathogenic pathways; however MIS-C patients were distinguished by 

pathways involved in immune complexes and heart muscle, and significantly higher IFN-g 

induced CXCL9 levels (138).  

 

4.2 Cellular responses in MIS-C patients 

Analysis of peripheral blood mononuclear cells (PBMCs) from MIS-C patients revealed 

neutrophilia and lymphocytopenia with reductions of CD4+, CD8+, gdT cell, and natural killer 

(NK) cells (132, 134, 139). Naive B cells and plasmablasts were increased and conventional 

dendritic cells (cDC), and plasmacytoid dendritic cells (pCD) were decreased in MIS-C 

patients as compared to healthy controls. A possible explanation for the characteristic 

lymphocytopenia with reduced number of lymphocytes subsets observed in MIS-C patients 

may be the result of lymphocytes extravasation and chemotaxis to affected tissues in 

response to cytokines and chemokines including CCL19, CXCL10 and CUB Domain Containing 

Protein 1 (CDCP1). 

 

Immunophenotyping of T and B cells in MIS-C patients demonstrated increased activated 

neutrophils and monocytes with high CD64 expression and decreased antigen-presenting 
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ability among monocyte and dendritic cell population with reduced expression of HLA class II 

antigen presenting molecules and CD86, an important molecule for providing costimulatory 

signals to induce T cell activation. Although decreased in absolute number in MIS-C patients, 

NK cells however exhibited increased expression of cytotoxic genes with elevated levels of 

Granzyme A proteins (139).  Monocytes and neutrophils were found to share upregulation of 

the alarmin-related S100A genes (S100A8, S100A9 and S100A12) (139). A subset of 

proliferating CD4+ T cells (Ki67+) were identified in MIS-C patients by flow cytometry with 

downregulation of CXCR5 gene but upregulation of ICOS, PDCD1, MAF, and IL21 genes as 

well as chemokine receptor genes such as CCR2, CXCR1, and CCR5. Interestingly, there was a 

correlation between proliferating CD4+ T cells (Ki67+) and proliferating plasmablasts (Ki67+). 

Furthermore, Vella et al, described the presence of highly activated vascular patrolling 

CX3CR1+CD8 T cells in MIS-C patients that were positively correlated with D-dimer levels and 

the need for vasoactive support suggesting a possible mechanism for the cardiovascular 

complications in MIS-C linking CX3CR1+CD8 T cells activation and vascular disease (140). 

 

4.3 Autoreactivity and superantigen hypothesis in MIS-C patients 

T-cell receptor (TCR) repertoire analysis of CD4+ and CD8+ memory T cells from children with 

MIS-C revealed richer and more diverse TCR repertoire in mild MIS-C as compared to severe 

MIS-C patients associated with significant skewing of the V-beta repertoire with increased 

expression of TRBV11-2, TRBV24-1, and TRBV11-3 genes in severe MIS-C patients (139, 141). 

Interestingly, TLRBV11-2 gene overexpression, which was HLA-type I associated, correlated 

with TNF-a, IFN-g, IL-6 and IL-10 levels suggesting a possible link between TRBV11-2 

expansion and the cytokine storm seen in severe MIS-C patients (141). Furthermore, a 

superantigen-like motif had been identified near the S1/S2 cleavage site on the SARS-CoV-2 

spike protein (142). These recent findings support the superantigen hypothesis for the 

pathogenesis of MIS-C by which a superantigen-like motif within the SARS-CoV-2 spike 

glycoprotein is driving the activation and proliferation of TRBV11-2 positive polyclonal T cells 

(141, 142).  

 

4.4 Autoimmunity and tissue injury in MIS-C patients 

All MIS-C patients had detectable anti-spike (S) IgG and IgA antibodies. But, unlike patients 

with acute SARS-CoV-2 infection, MIS-C patients lacked IgM antibodies consistent with the 
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hypothesis of a post infectious inflammatory syndrome that develops weeks after initial 

infection (130). When comparing the SARS-CoV-2 specific antibodies among MIS-C patients 

and convalescent adults after SARS-CoV-2 infection, severe MIS-C patients exhibited higher 

anti-spike IgG levels with distinct features. Indeed, SARS-CoV-2 specific antibodies measured 

in severe MIS-C patients exhibited increased phagocytic and function activity with enhanced 

monocyte-activating capacity suggesting a potential immune complex (IC)-based activity in 

MIS-C pathogenesis (143-145). In addition to the proinflammatory antibody profile, MIS-C 

patients presented also with an expansion of highly functional antibodies against multiple 

pathogens, some of them possibly related to KD such as Epstein-Barr virus (EBV) but also 

against measles, endogenous retrovirus, Bordetella pertussis, and Staphylococcus aureus 

(145). These findings point to a dysregulated humoral immune response driving a broad 

inflammation in severe MIS-C through non-specific amplification of functional pathogen-

specific IgG driven immunity. 

A striking finding in MIS-C patients in addition of the severe proinflammatory response is the 

multisystem involvement. Therefore, recent studies investigated the presence of 

autoantibodies in MIS-C patients (134, 135, 146). They discovered the presence of 

autoantibodies in MIS-C patients against several tissue-specific antigens from organs 

typically affected in MIS-C, such as the GI tract, cardiovascular system, skeletal muscle, and 

brain tissues. A list of some of the organ-specific auto-antigens reported in the recent 

literature are listed in Table 4.  
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Table 4. List of organ-specific auto-antigens measured in MIS-C patients 
Organ Name of the protein Reference 
Gastrointestinal tract ATP4A (135) 
 SOX6 (135) 
 FAM84A (135) 
 RAB-11FIP1 (135) 
 MUC15 (134) 
 TSPAN13 (134) 
 SH3BP1 (134) 
   
Cardiovascular system PDLIM5 (135) 
 EIF1AY (135) 
 Endoglin (134) 
 P2RX4 (134) 
 ECE1 (134) 
 MMP14 (134) 
   
Skeletal muscle RBM38 (135) 
 TNNC2 (135) 

Brain tissue MAP9 (135) 
 NAPB (135) 
   

 

In addition of tissue specific-autoantibodies, presence of antibodies typically found in 

autoimmune disease were also identified in MIS-C patients such as anti-La and anti-Jo1 

antibodies, which are characteristic of respectively systemic lupus erythematosus, and 

Sjögren’s syndrome and idiopathic inflammatory myopathies, respectively (134).  

 

As already mentioned , MIS-C patients, and in particular patients with severe MIS-C, are 

characterized by clinical and biological signs of endothelial dysfunction with shock, severe 

capillary leak and elevated endothelial injury markers including syndecan-1, vascular 

endothelial growth factor (VEGF), soluble vascular cell adhesion molecule-1 (sVCAM-

1/sCD106), and soluble E-Selectin (134, 139). Recent studies demonstrated not only the 

presence of autoantibodies targeting the endothelial cells but also the ability of antibodies 

collected from serum of MIS-C patients to activate ex vivo human cardiac microvascular 

endothelial cells in culture (139). 
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This recent evidence points to an autoimmune phenotype in MIS-C patients characterized by 

a dysregulated B cells response with autoantibody production, complement activation and 

myeloid-mediated inflammation. Immune complex-mediated tissue damage and cell death 

may then contribute to excessive antigenic drive and autoantibody production in a vicious 

circle. Furthermore, it has been shown that autoantibodies can promote a proinflammatory 

response through FcgR-mediated neutrophils stimulation and complement activation, which 

may represent a possible mechanism of the effect of IVIG described in MIS-C by neutralizing 

FcgR proteins on the surface of immune cells and inhibition of complement pathway (147). 

Cross talk between immune cells, in particular highly activated neutrophils, autoreactive B 

and T cells, and activated plasmablasts with increased survival ability, appear to play a 

significant role in the development and persistence of this vicious inflammatory circle 

identified in MIS-C patients.  

 

4.5 Possible role of gut dysfunction as driving mechanism for autoreactivity and 

autoimmunity MIS-C patients 

With the absence of SARS-CoV-2 detectable by reverse transcription PCR of the 

nasopharyngeal swab in most patients with MIS-C, the source and location of the 

superantigen driving the hyperinflammatory response in MIS-C remains unclear. 

GI symptoms are very common in MIS-C patients and recent evidence suggest a possible role 

of the GI tract in the pathogenesis of MIS-C (148). Yonker et al. discovered the presence of 

SARS-CoV-2 RNA in the stool of MIS-C patients that persisted weeks after initial infection 

with evidence of gut microbial translocation with increased serum levels of 

lipopolysaccharide-binding protein (LBP) and CD14, and SARS-CoV-2 antigenemia(93). 

Interestingly, they also demonstrated that zonulin-dependent loss of gut integrity with 

intestinal leakage of SARS-CoV-2 antigens, in particular S1 known to have super-antigen-like 

properties, correlated with elevated antibody titers against S1 and TRBV11-2 skewing (148). 

These data suggest that gut dysfunction with increased permeability either as a direct result 

of SARS-CoV-2 viral direct toxicity or secondary to autoantibodies mediated-tissue injury 

may represent potential mechanisms for SARS-CoV-2 antigenemia that is fueling the 

hyperinflammatory response of MIS-C.  The gut appears therefore as an interesting 

therapeutic target in MIS-C in addition of the systemic immunomodulatory treatments used 

so far. 



 38 

 

5.0 MIS-C outcome  

Most of MIS-C patients exhibit rapid clinical improvement within 48 hours after receiving 

one or several immunomodulatory therapies (e.g. IVIG, corticosteroids, and biologics) and 

can be discharged after a median hospital length of stay of 5-10 days(55, 149). Despite this 

rapid initial favorable evolution with a low mortality rate, recent reports start to emerge 

describing the short- and long-term impact of this severe hyperinflammatory syndrome on 

the recovery of the different affected organs and the quality of life for those children (58, 

121, 150-152). 

 

From the cardiovascular point of view, most MIS-C patients with LV systolic dysfunction at 

admission have a normalization of the LV systolic function by discharge (69%), with a normal 

function in all the patients at an eight-week follow-up consultation (150, 151, 153). Of the 

patients who presented with coronary abnormalities during hospital stay, a large proportion 

had resolution or improvement; only a small proportion (9%) were reported to have 

persistent coronary aneurysm at a 6-month echocardiographic follow-up (58, 151). Despite 

normalization of the LV systolic function during the follow-up echocardiography in almost all 

the patients, diastolic function remained abnormal in a small proportion of them (9%) at the 

6-month follow-up (153). In line with the normalization of the cardiac function and coronary 

artery abnormalities, myocardial biomarkers (troponin and NT-ProBNP) as well as 

biomarkers of endothelial glycocalyx dysfunction (syndecan-1) were all normal by 3-6 

months (58, 65, 151, 153).This rapid resolution of both cardiac function and coronary artery 

abnormalities in MIS-C patients represent another important difference with the clinical 

course of KD patients who often have persistent coronary artery aneurysm. This support the 

current hypothesis that cardiac manifestations in MIS-C are the result of the systemic 

inflammation with cardiac stunning rather than a direct immune mediated damage of the 

myocardium with progressive endovascular changes as observed in KD (61). 

 

Persistent neurological symptoms were reported in up to 39% of MIS-C patients at 6 months 

with most common sequelae included muscular fatigue, proximal myopathy, dysmetria, 

abnormal saccades, and attention deficit. MIS-C patients presented also signs of anxiety 
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(31%), emotional lability (26%), emotional distress (7%), and sleep symptoms (42%) at the 6-

month follow up (58, 152). 

 

A small proportion of MIS-C patients (13%) are also reporting persistent abdominal 

symptoms at 6 months, most abdominal pain and diarrhea (58).  

 

Although most of the MIS-C patients have recovered from initial severe illness, with 

normalized biochemical and functional outcomes, some patients have persistent organ-

specific sequelae that may impact their functional abilities to return to school or resume a 

physical activity. In line with the current evidence supporting a multidisciplinary follow-up 

after PICU discharge for children admitted with a critical illness (154), these results highlight 

the importance of physical rehabilitation and mental health support for MIS-C patients. 

Indeed, the long-term functional and neuropsychological impact of MIS-C remain unknown 

and warrant further investigation. 

 

Conclusion 

 

MIS-C represents a perfect illustration of the critical role played by the different national and 

international surveillance systems. The case definition of this new hyperinflammatory 

syndrome affecting children were published by the RCPCH (50), CDC (49), and the WHO (48) 

only a few days after the publication of the first report of a cluster of patients admitted in 

shock with elevated proinflammatory markers and clinical symptoms similar to Kawasaki 

disease mid-Avril 2020 (43). The rapid creation of a case definition for this new pediatric 

disease associated with both national and international report systems for MIS-C allowed 

the creation of large international patient registries (Figure 6).  
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Figure 6. Timeline of patient admission with Multisystem Inflammatory Syndrome in Children (MIS-C) 
in Geneva and publication of MIS-C case definition and case series. The red stars represent individual 
MIS-C patients admitted to the hospital.  NHSE = National Health Service England; RCPCH = Royal 
College of Paediatrics and Child Health; CDC = Center for Disease Control and Prevention; WHO = World 
Health Organization;   
 

These different collaborative MIS-C registries allowed rapid sharing of critical information on 

the initial presentation, clinical course and response to immunomodulatory treatments of 

MIS-C patients. In absence of randomized control studies, large retrospectives studies played 

a significant role not only to increase our knowledge and but also to improve the care of 

MIS-C patients, by standardizing the diagnostic evaluation and management plan for MIS-C.  

 

This new hyperinflammatory syndrome also represented a unique opportunity to perform a 

deep dive in the immunological response after an infection with a new virus. Recent 

translational studies on MIS-C patients using very robust and innovative system-level 

immune profiling assays were able to identify unique immunological signatures in MIS-C 

patients that distinguished them from children or adults with acute COVID-19 or children 

with KD. Furthermore, they also contributed to bring together the different pieces of the 

immunopathogenesis puzzle of MIS-C including the following possible theories: the 

persistent exposure of the immune system to SARS-CoV-2 antigen possible via gut 

translocation, the presence of an autoreactive immune phenotype possibly driven by a 

superantigenic-like motif of SARS-CoV-2 spike glycoprotein and finally the presence of a 
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strong autoimmune signature targeting different key organs involved in MIS-C including the 

gastrointestinal, cardiovascular and neurological systems (Figure 7). 
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Figure 7. Overview of the innate and adaptative signatures observed in patients with MIS-C and the proposed hypotheses driving the hyperinflammatory 
response in MIS-C. BAFF= B-cell activating factor; EN-RAGE = extracellular newly identified receptor for advanced glycation end-products binding protein; 
HLA-DR = major histocompatibility complex II cell surface receptor; IGHV = immunoglobulin heavy variable; SARS-CoV-2 = severe acute respiratory syndrome 
coronavirus 2; TCR= t-cell receptor; TRBV11-2= t-cell receptor beta variable 11-2; created with BioRender.com and adapted from (110, 139)  
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Despite the severity of the initial clinical presentation, with numerous MIS-C patients 

admitted in shock with multiple organ involvement requiring admission to the intensive care 

unit, most of them responded well to the administration of immunomodulatory treatments 

and could be discharge home after approximately 1 week of hospitalization. While most of 

the MIS-C patients recovered from their critical illness, with normalization of the 

inflammatory and cardiac biomarkers, a significant proportion of them reported persistent 

or new-onset neuropsychiatric and sleep symptoms at follow-up. This highlights the 

importance of a multidisciplinary follow-up consultation for children admitted after a critical 

illness even more so in the presence of a new syndrome for which we lack information on 

long-term consequences.  

 

Although the incidence and the severity of MIS-C cases appear to decrease over the last 

months, possibly as a result of both the COVID-19 vaccination campaign and differences in 

the immunogenic properties of the recent SARS-CoV-2 strains, knowledge gained from the 

management of MIS-C patients and its extensive immunoprofiling will also be useful for the 

care of other hyperinflammatory diseases affecting children such as KD or MAS.  
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