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KAWASAKI DISEASE:  

AN ONGOING ENIGMA WITH PARALLELS TO COVID-19-RELATED 

MULTISYSTEM INFLAMMATORY SYNDROME IN CHILDREN 

 

ANNALISE M. PEEBLES 

ABSTRACT 

Kawasaki disease (KD) is a rare pediatric illness of unknown origin that causes high 

fever, acute inflammation of the blood vessels, and acquired heart conditions. Although 

multiple aspects of KD remain largely elusive, recent literature has detected an increasing 

number of KD-like cases among pediatric populations following severe acute respiratory 

syndrome 2 (SARS-CoV-2) infection, termed “multisystem inflammatory syndrome in 

children” (MIS-C). While similarities in certain clinical manifestations (fever, 

mucocutaneous disturbances, cardiac dysfunction, and skin rashes) have caused 

difficulties in distinguishing the two diseases, key differences in pathophysiology, 

etiology and epidemiology indicate they are distinct entities triggered by unique 

infectious agents. The two share commonalities in pathophysiology, characterized by 

hyperinflammation via cytokine storm. However, KD is notably associated with 

pathological changes in the coronary arteries, whereas MIS-C presents as a more 

exaggerated inflammatory syndrome causing myocarditis and ventricular dysfunction. 

Differences in age range, genetic predispositions, and ethnic distribution of patients has 

also been identified. Treatment strategies, namely intravenous immunoglobulin therapy 

(IVIG), have proven effective in both diseases, however MIS-C patients are reportedly 
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less responsive to IVIG and often require additional intervention methods. Distinguishing 

key characteristics in pathophysiology, etiology, and epidemiology not only helps in 

understanding differences in clinical manifestations, but also provides valuable insight 

into potentially unique diagnostic and therapeutic approaches to KD and MIS-C.  
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INTRODUCTION 

Kawasaki disease (KD) is a rare pediatric systemic vasculitis of undetermined origin, 

often affecting children under five years of age. Although multiple aspects of this 

pediatric illness remain elusive, a novel clinical syndrome in children that emerged 

during the global pandemic of the coronavirus disease 2019 (COVID-19), termed 

“multisystem inflammatory syndrome in children” (MIS-C), has presented with 

comparable – and notably different –  inflammatory characteristics that offers compelling 

insights into the clinical manifestations, immunological mechanisms, and management of 

both syndromes.  

 

1. Clinical Manifestations 

KD and MIS-C are both inflammatory disorders that lead to exaggerated symptoms along 

the same spectrum. Commonly reported clinical features in KD involve fever, 

mucocutaneous disturbances, cardiac dysfunction, and skin rashes. These clinical 

manifestations, however, are not distinct to KD and often occur in other inflammatory 

conditions, such as MIS-C. Despite overlapping clinical features, however, notable 

symptomatic differences suggest that these two entities are distinct diseases that result 

from unique immune dysregulation pathways (Figure 1). Distinguishing clinical 

characteristics between KD and MIS-C not only helps to guide diagnostic criteria, but 

also provides valuable insight into their potentially unique pathogenesis, etiology, and 

treatment strategies.  
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Cardiovascular 

The hallmark of KD complications, particularly if left untreated, is the development of 

coronary artery aneurysms (CAAs). CAAs are defined as the enlargement of segments of 

the coronary artery due to weakening of vascular wall. While the exact mechanism for 

aneurysm is not fully understood, it is likely a result of immune complexes causing 

inflammation of the blood vessels.1 Speculated pathological processes of CAA 

development will be discussed in detail later in this review.  

 

Cardiac symptoms are more severe in MIS-C, in part due to an evolving understanding of 

the novel disease’s clinical manifestations.2 Despite high prevalence of CAAs in KD, in a 

current era of growing diagnostic and treatment strategies surrounding the disease, 

incidence of CAA complications <10%.2, 3 This sharply contrasts the 14-48% incidence 

rates reported in MIS-C patient populations.2, 4, 5 Ventricular dysfunction is also a 

common cardiac complication observed in MIS-C. In their comparative cohort study of 

503 MIS-C patients, Feldstein et al.6 reported 34.2% presented with decreased left 

ventricular function and left ventricular ejection fraction. Correlations of abnormal left 

ventricular function and cardiac inflammatory biomarkers, such as C-reactive protein and 

troponin, were recently detected by Gaitonde et al..7 Such findings highlight the presence 

of myocarditis in patients with MIS-C that likely results in cardiac myocyte apoptosis and 

subsequent ventricular dysfunction . Other cardiac manifestations of MIS-C include 

arrhythmia and conduction abnormalities, and hypotension.8 Prolonged states of MIS-C-
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related cardiac inflammation can impair the ability of the heart to pump blood to vital 

organ systems, a condition known as cardiogenic shock. 

 

The noteworthy differences in cardiac abnormalities between KD and MIS-C offer key 

insights into their potentially unique cytokine pathways through which MIS-C may 

trigger a more exaggerated host immune response.9  

 

Pulmonary  

Pulmonary presentation of KD is distinctly uncommon. In rare cases, pulmonary 

manifestations that have been documented in patients with KD have included pleural 

effusion (the entering of fluid into the pleural space) and bronchial pneumonia 

(inflammation of the bronchi). Symptoms of pulmonary effusion may be a result of 

increased vascular permeability from inflammation, resulting in decreased albumin levels 

and subsequent fluid escape in efforts to maintain concentration homeostasis.10 Reports 

of bronchial pneumonia are rare and have been associated with viral co-infections 

unrelated to KD.11 

 

Respiratory symptoms in MIS-C present very early and frequent. Tachypnea (fast 

breathing), desaturation (decreased blood-oxygen levels), and increased respiratory effort 

are among the most common clinical presentations.12 While respiratory stress is rarely 

seen in KD patients, MIS-C patients requiring oxygen or mechanical ventilation ranges 

from 12-46% .13  
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Gastrointestinal  

Gastrointestinal (GI) manifestations of KD and MIS-C can include vomiting, abdominal 

pain, and diarrhea. GI symptoms are more common in MIS-C than in KD, and are 

reportedly the second most involved organ system after the cardiovascular system in 

MIS-C patients.14 In their case study of 44 patients presenting with MIS-C, Miller et al.15 

reported that 84.1% presented with GI symptoms, over a quarter (29.5%) of which had 

presented one week prior to hospitalization at an urgent care center for less severe 

symptoms mimicking viral gastroenteritis (e.g., nausea, vomiting, diarrhea). Abdominal 

imaging on 15 patients revealed inflammation of prominent GI organs, including the 

liver, stomach, small intestine, and colon.15 

 

Cytokine-mediated inflammation in patients with MIS-C is speculated to affect the 

mesentery, peritoneum, and intestinal wall in a serosa-to-lumen (outer- to innermost 

tissue layer) manner. Severe GI symptoms observed in patients with MIS-C are 

speculated to result from the unique pathogenic mechanisms of SARS-CoV-2, which 

interact with receptors abundantly expressed in epithelial cells along the GI tract.16 The 

pathogenic mechanisms of SARS-CoV-2 will be discussed later in this review.  

 

Mucocutaneous, Dermatological, Lymphatic  

Hallmarks of KD involve mucocutaneous disturbances including cracked lips and a 

strawberry tongue. Involvement of the dermis is characterized by a rash on the hands and 

feet, as well as conjunctival hyperemia – causing redness of the eye due to inflamed 
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blood vessels. Other symptoms include lymphatic dysregulation such as palm and feet 

edema and cervical lymphadenopathy (swelling of the lymph nodes) greater than 1.5 

cm.17  

 

Similar clinical phenotypes are observed in MIS-C.  Recent literature reviews have 

reported KD-like features in MIS-C patients, including skin rash (42%-58%), mucosal 

disturbances involving cracked lips and strawberry tongue (23%-59%), conjunctival 

hyperemia (40%-51%), edema of the hands and feet (15%), and cervical 

lymphadenopathy (4%-7%).17, 18 These findings illustrate one of the main reasons 

distinguishing between the two diseases can often be challenging in a clinical setting.   

 

Neurological 

Involvement of the nervous system in systemic inflammatory disorders is not uncommon. 

Although the exact prevalence of neurological symptoms in MIS-C is variable and lacks 

a clear epidemiological definition, it appears on average in 50% of MIS-C patients 

compared to 1%-30% of KD patients.19  

 

Neurological manifestations in KD are considerably variable and poorly specific, ranging 

from headaches and meningism (neck stiffness) to sensorineural hearing loss and facial 

nerve palsy. In a recent retrospective case-control study by Lin et al.20, children (< 5 

years of age) with KD were nearly two times more likely than healthy controls to have 
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incidence of epilepsy. The authors speculate these epileptic trends could be a result of 

brain tissue injury linked to neuroinflammation.  

 

Neurological phenotypes are more frequently encountered in MIS-C but remain poorly 

defined. Symptoms including headache, meningism, drowsiness, confusion, and severe 

encephalopathy (brain dysfunction). In their cohort study of 62 MIS-C children, Bova et 

al.21 identified 93% of patients presented with neurological involvement, 68% of which 

presented with mild and nonspecific symptoms while 26% were moderate-severe. Such 

symptoms are likely related to an extreme cerebral and vascular inflammatory response 

observed in MIS-C, whereby immunological hyperactivation following SARS-CoV-2 

infection damages the blood-brain barrier and neuronal receptors. Hypoxia, secondary to 

impaired cardiovascular and pulmonary function, could also lead to neurological 

manifestations such as ischemic stroke.20  

 

Laboratory Markers  

Elevated C-reactive protein (liver-derived protein produced in response to tissue 

damage), erythrocyte sedimentation (red blood cell clumping), and high white blood cell 

count are all observed during the acute stages of KD, and consistent with host 

inflammatory response. An increase in activated platelets – cell fragments that aid blood 

clotting – is also observed, and can lead to reactive thrombocytosis (overproduction of 

platelets) that causes blood clotting. A decrease in hemoglobin levels is also observed and 

is often associated with anemia in KD patients.22  
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Laboratory markers during the acute phase of MIS-C are comparable to KD, except for a 

notable decrease in white blood cell count, termed leukopenia. Additional biomarkers of 

inflammation include troponin and brain natriuretic peptide.23 The expansive profile of 

inflammatory markers detected in MIS-C are consistent with current understandings that 

MIS-C may trigger a more exaggerated host immune response relative to KD. 

Immunological aberrations and their pathogenic roles in KD and MIS-C role will be 

discussed further in this review.  

 

 

 

 

 

 

 

 

 

 

Figure 1. Comparative incidence of clinical manifestations in Kawasaki Disease and 

Multisystem Inflammatory Syndrome in Children.. Incidence (%) of clinical 

phenotypes in patients with Kawasaki Disease  and Multisystem Inflammatory Syndrome 

in Children (MIS-C) is comparable in some capacities, such as fever and cervical 

lymphadenopathy (swelling of the lymph nodes), while incidence of other symptoms, 

including coronary artery involvement, gastrointestinal symptoms, and cardiogenic shock 

are characteristic of MIS-C. Figure from Sharma et al.2 
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2. Pathophysiology 

KD is associated with coronary artery wall infiltration by various innate and adaptive 

immune cells. Rowley et al.24 classifies the vascular pathology of KD into three 

consecutive and interconnected processes. Necrotizing arteritis develops within the first 

two weeks of the disease, often leading to aneurysm formation. This process is followed 

by two concurrent pathological phenomena, vasculitis (subacute or chronic), and 

proliferation of myofibroblasts – biomarkers of continuous early phase tissue repair in 

endothelial dysfunction. Myofibroblasts and their synthesized components slowly 

obstruct the coronary vessel and can limit natural blood flow, a process termed 

thrombosis. It should be noted, however, that thrombosis can occur during any point 

during this process due to decreased vascular integrity.24, 25 

 

The pathophysiology of MIS-C remains more elusive. Although cardiovascular 

impairment – specifically myocarditis and ventricular dysfunction – is the primary 

morbidity of MIS-C, the underlying mechanisms are still unclear.26 Cases of MIS-C are 

generally seen 3-6 weeks after the peak of severe acute respiratory syndrome coronavirus 

2 (SARS-CoV-2) infection. Delayed immune cell activation and the resultant cytokine 

storm results in a host of systemic hyperinflammatory responses in the lungs, intestines, 

endothelial cells, and cardiomyocytes. In general, the immune cells of MIS-C largely 

overlap with those of adults with  SARS-CoV-2 rather than pediatric SARS-CoV-2.26  
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2.1 Genetic Susceptibility 

 
Single Nucleotide Polymorphisms 

Genetic studies have recently offered insight on the role of single nucleotide 

polymorphisms (SNPs) and KD development. Four primary gene groups that have been 

identified with KD include caspase-3 (CASP3) associated with apoptosis, T cell 

activation, B cell signaling, and transforming growth factor-β (TGF-β).2 

 

CASP3 encodes caspase-3, a protease that assists with apoptosis. In their molecular 

analysis, Onouchi et al.27 found that a G to A substitution located in the 5’ untranslated 

region of CASP3 prevented its ability to cleave essential nuclear factors that promote 

transcription of activated T cells. Defects in apoptotic regulation in T cells such as this 

could lead to a major role in downstream cytokine overproduction and the subsequent 

pathogenesis of KD-related inflammation.  

 

Genes associated with T cell activation have also been associated with increased KD 

susceptibility. In their molecular analysis, Onouchi et al.28 detected a notable SNP located 

in the coding region of the inositol-trisphosphate 3-kinase C (ITPKC) gene, which 

functions as a kinase of inositol 1,4,5-trisphosphate (IP3), to form IP4. IP3 is a secondary 

messenger molecule in various cell types, including T cells, that plays an important role 

in signal transduction of the Ca2+/nuclear factor of activated T cells (NFAT) pathway and 

subsequent cytokine production. The authors determined ITPKC as a negative regulator 

of the Ca2+/NFAT pathway that decreases T cell activation by modulating the amount of 
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IP3. Therefore, reduced ITPKC activity caused by the detected SNP may lead to 

enhanced IP3 levels and subsequent T cell activation associated with the pathogenesis of 

KD. A proposed model of ITPKC dysregulation in KD pathogenesis is demonstrated in 

Figure 2. Additional SNPs involved in the Ca2+/NFAT pathway have recently been 

detected, including in genes encoding calcium release-activated calcium channel protein 

1 (ORAI1) and stromal interaction molecule 1 (STIM 1) – both of which mediate T cell 

membrane activation and subsequent cytokine production.27    

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Proposed role of ITPKC as a negative regulator of Ca2+/NFAT pathway in 

T cell activation. When the T cell receptor (TCR) is bound by an antigen/MHC complex 

II from an antigen presenting cell, IP3 binds to its expressed receptor on the endoplasmic 

reticulum (ER) causing the release of Ca2+. Depletion of intracellular ER Ca2+ levels 

stimulate Ca2+cytoplasmic entry via the stromal interaction molecule 1 (STIM 1). 

Increased cytoplasmic Ca2+levels activate calcium-dependent calmodulin-cacineurin 

pathway, which results in the translocation of NFAT to the nucleus and subsequently 

drives transcription of genes important in T cell activation. ITPKC functions as a kinase 
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of IP3, deactivating its downstream effects. Therefore, reduced ITPKC activity caused by 

SNP may lead to enhanced IP3 levels and subsequent T cell activation associated with the 

pathogenesis of KD. Red arrows indicate molecules increased by ITPKC defect, while 

those reduced are represented by blue arrows. Figure adapted from Onouchi (2009).28 

 

Current literature has identified several KD susceptibility genes that are largely involved 

in B cell dysregulation and immunity. To date, genome-wide association studies have 

identified B lymphocyte kinase (BLK), heparan sulfate proteoglycan 2 (HSPG2), cluster 

of differentiation 40 (CD40), and corneodesmosin (CDSN).29 Notably, these genes are all 

related to B cell development and function that may influence antibody type and 

production rate in response to an external trigger in patients with KD.  

 

TGF-β is a multifunctional peptide that significantly contributes to cardiovascular 

remodeling and T cell activation, both of which are important components of KD. In their 

case-control molecular analysis, Shimizu et al.30 identified SNPs in 6 genes in the TGF-β 

pathway that modestly influenced KD susceptibility. Among the SNPs identified, genetic 

variations in three specific genes, including TGF-β2, TGF-β receptor type 2 (TGF-β R2), 

and Suppressor of Mothers against Decapentaplegic homolog 3 (SMAD3), consistently 

influenced occurrence of coronary artery aneurysms and aortic root dilation in patients 

with KD. TGF-β2 is required for endocardial cushion cell transformation and has been 

observed to result in a variety of cardiovascular anomalies in knockout mice.30, 31 TGF-β 

R2 variation is linked to several aneurysm syndromes, suggesting the importance of this 

pathway in arterial modeling after KD.32The third gene, SMAD3, plays an essential role 
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in the downregulation of T cells and arterial remodeling after injury 33; mutations in this 

gene suggest a susceptibility to KD pathogenesis and secondary coronary artery lesions.30 

 

MIS-C and KD Shared Host Immune Continuum 

Abnormalities in inflammatory-related gene expression has been largely observed in 

patients with MIS-C. Major genetic variations that have been detected in MIS-C 

development include haploinsufficiency of suppressor of cytokine signaling 1 (SOCS1), 

defects in the X-linked inhibitor of apoptosis (XIAP), the beta subunit of cytochrome b-

245 (CYBB), and specific human leukocyte antigens class I (HLA-1). Although these 

genetic risk factors vary from KD, similar expression of viral pandemic (ViP) signature 

genes – which determine the host response to viral infection – have been detected in both 

diseases and suggest a shared proximal pathway of immunopathogenesis.9   

 

In their genetic analysis, Gosh et al.9 used the ViP signatures to compare host features 

between MIS-C and KD. The authors determined that both diseases are characterized by 

an interleukin (IL)-15 / IL-15 receptor subunit alpha (RA) cytokine storm. However, IL-

15/IL-15RA genes were expressed at significantly higher levels in MIS-C relative to KD. 

Such findings suggest that while the host immune response is similar between the two 

diseases, the degree of response is more intense in MIS-C than KD, and may be 

accounted for by their unique genetic variants, among other factors. 
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A KD-specific transcript diagnostic signature, which is a unique group of mRNA 

sequences commonly used to identify children with KD, has also been used in recent 

molecular analyses to confirm a shared host immune response with MIS-C. In their 

validation, Gosh et al.9 found that the KD-specific transcript signature – comprised of 

various genes related to tumor necrosis factor- α (TNFα) and interleukin-6 (IL-6) 

pathways – could not differentiate between KD and MIS-C. These findings further 

confirm that the fundamental similarities between the two diseases at a molecular level.  

 

2.2 Superantigens 

Superantigens are defined as proteins that can result in excessive activation of the 

immune system. Specifically, these antigens can cause non-specific T cell activation via 

cross-linkage of their major histocompatibility complex (MHC) class II receptor and 

either the α or β chain of the T cell, resulting in a massive cytokine release (Figure 3).34 

While the exact pathogenic role of superantigens in both KD and MIS-C is uncertain, 

shared clinical features consistent with superantigen-mediated diseases, such as fever and 

rash, have caused them to be considered as potential triggers.  
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Figure 3. Conventional T cell activation and superantigen-mediated T cell 

activation. (Left) Conventional T-cell activation occurs between the antigen/MHC II 

complex of the antigen presenting cell (green) and the T-cell receptor (TCR) of the T cell. 

(Right) Superantigen-mediated T cell activation occurs via non-specific cross-linkage of 

the MHC II complex receptor and either the α or β chain of the TCR, resulting in a 

massive cytokine release. Figure adapted from Macias et al.35 

 

 

Recent literature has suggested that the SARS-CoV-2 viral S protein may have 

superantigen-like behavior. While its exact mechanism remains under investigation, it is 

speculated that the S protein contains a high-affinity region for T cell receptor binding 

that can trigger a cytokine storm and result in the development of toxic shock syndrome 

(TSS)-like presentation of MIS-C.16 The high-affinity binding region of the S protein 

displays structural similarities to the staphylococcal enterotoxin B, a superantigen that 

mediates TSS. To further investigate this concept, Hsieh et al.36 studied T cell response to 

various SARS-CoV-2 peptides during the subacute phase of MIS-C in children. The 

authors found that there were numerous CD4+ and CD8+ T cells – lymphocytes that 

coordinate immune responses and kill virus-infected cells, respectively – bearing a 

particular variable region along the β chain of their receptor (Vβ21.3) that were not 

present in the control SARS-CoV-2 T cell population. These findings are consistent with 
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the features of superantigens, which cross link variable regions of the T cell receptor β 

chains with MHC class II molecules on surface antigen presenting cells.  

 

Whether the provoking antigen in KD is a conventional antigen or superantigen remains 

unclear. In their molecular analysis, Nagata et al.37 identified superantigen activity in gut 

bacteria of KD patients. The authors hypothesized that supernatants of these bacteria can 

include T cell division and subsequent production of pro-inflammatory cytokines. 

However, these findings have recently been disputed by several large-scale cohort studies 

that could not find evidence of superantigen-induced T cell receptor skewing when using 

flow cytometry.38, 39 Furthermore, patients with superantigen-mediated diseases present 

with severe gastrointestinal symptoms, cardiogenic shock, and neurological 

manifestations, all of which are more frequently reported during MIS-C than KD.16 Such 

findings suggest that KD is likely a product of T cell activation by a conventional antigen 

rather than a superantigen.  

 

2.3 Immunological Aberrations 

 
Neutrophils and NETs 

An intense initial response in KD is driven by the innate immune system, particularly 

neutrophils. Neutrophils are short-acting granulocytes that serve as the immune system’s 

initial defense against pathogens.40 An early neutrophilic surge in KD results in the 

release of reactive oxygen species (ROS), which progressively destroys the innermost, 



 

 

16 

middle, and sections of the outermost tissue layer of the coronary artery. Destruction of 

critical elastic and smooth muscle components in the coronary vasculature ultimately 

leads to weakening of the blood vessel wall and subsequent aneurysm formation.41  

 

The release of neutrophil extracellular traps (NETs) have also been implicated in the 

pathogenesis of KD. While NETs are understood to play a defensive role in the innate 

immune system through the release of intracellular granule components that capture and 

degrade infectious bacteria,  recent literature has suggested its pathogenic potential in 

KD.25 Yamashita et al.41 demonstrated that mice infected with human KD expressed 

significant neutrophil infiltration of the aortic root and coronary artery, leading to 

panvasculitis – an inflammatory response of the blood vessels that is consistent with KD 

autopsies. The neutrophils were found to express peptidylarginine deiminase 4, an 

essential enzyme of NET production. The authors concluded that infiltrative neutrophils 

in KD are more likely to produce NETs, which may lead to an uncontrolled inflammatory 

response causing tissue pathology. Mutua and Gershwin 42 further expand on the 

pathological pathway of NETs in inflammatory diseases, speculating that non-specific 

granule components of NETs can recruit other pro-inflammatory cells, potentiate 

autoimmunity by delivering autoantigens to the host immune system, and promote 

thrombosis through their interactions with platelet-activated coagulation pathways. These 

are all pathological patterns consistent with KD.  
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There remains a paucity of literature examining the pathological role of neutrophils in 

MIS-C. Although neutrophil hyperactivation has been determined as a key component in  

severe COVID-19 in adults, the role of neutrophils in pediatric SARS-CoV-2 infections 

causing MIS-C remains more elusive. In their molecular analysis, Boribong et al.43 

examined neutrophil profiles in 152 children, including 43 children with COVID-19, 31 

children clinically diagnosed with MIS-C, and 78 pediatric controls. The authors 

determined that the most highly upregulated genes in MIS-C neutrophils were those 

involving ROS production, neutrophil activation, and recruitment. The authors also found 

that the most elevated pathways in MIS-C neutrophils were metabolic, including 

oxidative phosphorylation and glycolysis, suggesting high cellular activity. Levels of 

spontaneous NETosis in MIS-C neutrophils were also significantly higher than pediatric 

COVID-19 and healthy control neutrophils. Interestingly, the authors performed a sub-

analysis on MIS-C patients presenting with or without cardiac symptoms, including 

myocarditis, ventricular dysfunction, or coronary arterial aneurysms. Their findings 

showed that several hallmark genes of sepsis – an inflammatory response to infection – in 

cardiac MIS-C were enriched, including those that upregulate neutrophils. Such findings 

are consistent with previous literature that has detected activated neutrophils in the 

myocardium of autopsied patients with MIS-C, and suggest that that an upregulation of 

neutrophils is likely a key driver in the pathology leading to severe cardiac complications 

in these patients.43-45  
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Distinct neutrophilic phenotypes in MIS-C have been speculated to be a result of a unique 

mechanism. Unlike pediatric COVID-19, MIS-C patients do not present with a competent 

SARS-CoV-2 antigen in their blood. However, studies have detected viral ribonucleic 

acid (RNA) in MIS-C stool samples several weeks after infection. It is postulated that 

viral persistence is a result of increased gut permeability due to zonulin – a protein 

excreted by gut epithelial cells that disassemble tight cellular junctions – which permits 

viral antigen release into the bloodstream. Antigen exposure subsequently triggers 

neutrophil activation and NET formation within the vasculature.46  

 

T Cells  

The role of T cells in KD has been largely scrutinized. As one of the major lymphatic 

components of the adaptive immune system, T cells function to recognize and defend 

against pathogenic antigens. T helper type 17 (Th17) cells activate immune cells like 

neutrophils and monocytes via pro-inflammatory IL-17; this leads to the production of 

inflammatory cytokines such as IL-1, IL-6, TNF, and IL-8. Alternatively, regulatory T 

(Treg) cells suppress immune response through the release of anti-inflammatory cytokines 

like IL-10 and TGF-β. Recent literature has investigated an observed imbalance between 

Treg and Th17 cells in patients with KD. When compared to healthy controls, Guo et al.47 

determined that patients with KD had significantly higher levels of IL-17 and IL-6, a 

cytokine profile which closely mirrors other autoimmune diseases like rheumatic 

arthritis. The authors also found that the KD cohort had lower levels of FoxP3 mRNA, a 

gene which controls expression of Treg. Such findings suggest there exists a Treg/Th17 
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imbalance which likely plays a role in KD pathogenesis, and that the immune response in 

KD shares a similar molecular profile with other autoimmune diseases.  

 

Unlike KD, MIS-C is defined by lymphopenia (the reduction of lymphocytes), which can 

often be useful in lab profiling to discern the correct diagnosis. Despite patients with 

MIS-C present with pronounced CD4+ T cell lymphopenia, recent single-cell RNA 

sequencing analysis has revealed enhanced proliferation of these cells.48 Such findings 

suggest that these cells are not apoptotic, but rather being shuttled to inflamed tissues and 

therefore undetected in blood samples. Another explanation for reduced lymphocytes is 

that the SARS-CoV-2 viral S protein may behave like a superantigen in MIS-C that 

compromises T cell response and expands a particular variable region along the β chain 

of its receptor, Vβ21.3. Such mechanisms have been discussed earlier in this review. 

Despite lower lymphocyte levels, patients with MIS-C still present with increased relative 

levels of pro-inflammatory cytokines IL-1, IL-6 and IL-17 as found in KD, suggesting 

similarities exist between the diseases’ T cell inflammatory mediator pathways.49  

 

B Cells  

B cells function as a key regulatory cell in the immune system through the production of 

antibodies. Their pathogenic role in the development of KD, however, remains unclear.  

Current literature has identified several KD susceptibility genes discussed previously in 

this review that are largely involved in B cell dysregulation.29  
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A growing body of literature on B cell involvement in KD has also investigated the role 

of antigen-specific immunoglobulin A (IgA) cells, an antibody derived from activated B 

cells.24  IgA cells develop into plasma cells that play a key role in the defense of mucosal 

surfaces upon infectious exposure. Previous literature has determined ubiquitous IgA 

plasma-cell infiltration in patients with acute KD, including in the arterial wall, bronchi, 

and pancreas.50 Interestingly, levels of IgA were decreased in the peripheral blood of 

acute KD patients relative to controls, suggesting these cells may selectively target 

tissues of the disease.  The clonality of IgA genes in KD patients was further investigated 

by Rowley et al.51 to determine whether the antibodies were produced in response to a 

specific antigen. The authors found that the IgA cells in tissues inflamed by KD were 

oligoclonal, such that they produce a select repertoire of antibodies through an antigen-

driven response.  

 

MIS-C is characterized by a reduction of lymphocytes. Along with an observed reduction 

of  T cells discussed earlier in this review, B cell cytopenia has also been reported. In 

their immunophenotype analysis of 25 MIS-C patients, Carter et al.52 determined that 

although neutralizing antibodies against SARS-CoV-2 were generated, patients had lower 

levels of total B cells, plasma cells (mature B cells that secrete antibodies), and class 

switched memory B cells (activated naïve B cells that have switched antibody 

expression), in their blood relative to healthy controls. Despite an overall reduction of B 

cells, MIS-C patients display an enrichment of IgA antibodies localized in endothelial, 

cardiac, and gastrointestinal tissue.53 Although IgA antibody levels and tissue localization 
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appear similar to KD, it is unclear if MIS-C IgA antibody patterns are a result of a direct 

antigen-driven response or simply a downstream consequence of the disease.  The 

authors speculate potential of the gut serving as a central point of SARS-CoV-2 infection 

in MIS-C, through which gastrointestinal inflammation – a result of increased 

permeability discussed earlier in this review – could drive IgA antibody levels.  

 

Autoantibodies  

Several studies have investigated the role of autoantibodies in the development of KD.54, 

55 Autoantibodies ultimately develop due to a disruption in tolerance from self-antigens, 

through mechanisms including inflammation-mediated modification of self-antigens or 

cross-reactivity between foreign and self-antigens.56 Due to the ubiquitous nature of self-

antigens, a destructive cycle ensues through which autoantibodies fail to eliminate the 

antigen, causing inflammatory tissue response, subsequent self-antigen release, and 

further autoantibody production. Antiendothelial cell autoantibodies (AECAs) are a 

subtype of autoantibodies that attack endothelial cell antigens, causing endothelial cell 

damage and subsequent vasculitis symptoms consistent with KD.56 Although the exact 

role of AECAs in the pathogenesis of KD remains unclear, serum samples of KD patients 

have directly revealed the presence of AECAs. Due to the expansive function of 

endothelial cells, the distinct antigenic targets of AECAs in KD have been proposed to 

affect a wide variety of vessels.56  
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The role of autoantibodies in MIS-C remains more elusive. In their antibody array 

analysis, Consiglio et al.55 screened serum samples of children with MIS-C and KD for 

individual autoantibody targets and identified endoglin, an endothelial-derived 

glycoprotein responsible for maintaining structural integrity of arterial walls, in both 

diseases. Despite detection of endoglin autoantibodies, the authors found plasma endoglin 

levels were elevated in MIS-C and KD patients relative to controls. Such findings suggest 

that autoantibodies to endoglin are not the cause of tissue damage – which would 

expectantly decrease endoglin levels – but rather, a consequence of tissue damage in 

response to heightened endoglin levels. Scant literature limits conclusions that can be 

drawn on the role of this autoantibody, and further studies are required to distinguish its 

role in disease pathogenesis or as a potential biomarker of endothelial damage. 

 

Immune Complexes  

While the role of immune complexes in KD has remained unclear for some time, the 

emergence of MIS-C amidst the most recent pandemic has caused their pathogenic role to 

be revisited. Immune complexes are molecules that form from the binding of multiple 

antigens to an antibody.57 Although insoluble immune complexes are normally 

phagocytized by cells of the immune system, in cases of failed clearance or excess 

antigen-antibody presence, the immune complexes are deposited into tissues where they 

elicit a host of inflammatory responses.57 Parallels in pathophysiology between MIS-C 

and KD, particularly vasculitis, have caused researchers to reconsider mechanisms of 

infectious agents and their crucial role in KD development, primarily through the 
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production of immune complexes. In MIS-C, investigators attribute the development of 

vasculitis to the obstruction of blood vessels with immune complexes. Through this 

process, immune complexes form through the interaction between viral spike proteins 

and anti-spike immunoglobulins; aggregates of immune complexes in vasculature lead to 

blood clotting, causing lesions in vascular tissue and subsequent inflammation.58 

 

Coronary vasculitis in KD presents with striking similarities to immune complex-induced 

systemic vasculitis in MIS-C by the SARS-CoV-2 viral spike protein. Such parallels have 

caused researchers to investigate the potential role of infections immune complexes, such 

as bacteria or viruses, that may be involved in the development of vasculitis in KD. 

While discrepancies still remain about the precise causative agent behind circulating 

immune complexes in KD, current literature10, 59 confirms that immune complexes 

triggered by an etiological agent(s) play a distinct role in the pathogenesis of coronary 

vasculitis in KD and will be discussed later in this review. 

 

2.4  The Gut Microbiome 

Intestinal dysbiosis is defined as the changes of bacterial composition, metabolic activity, 

or distribution within the gut.60 Such disturbances in the microbiota have been proposed 

to play essential roles in the pathophysiological processes of KD and MIS-C.  

Differences in the microbiota composition have been detected in children with KD, 

including abnormal colonization by Streptococcus and Ruminococcus bacteria in acute 

and non-acute KD, respectively. The effects of such bacteria on the antigenic repertoire 
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of certain T cells and their pathological expansion has only recently been investigated. 

Suenaga et al.61 analyzed the potential of Streptococcus-produced superantigens in the 

pathogenesis of KD. Stool specimens obtained from 36 KD patients during the acute 

phase who were case matched with 26 healthy participants were found to have 

superantigen-related genes derived from Streptococcus. While the pathogenic role of 

superantigens has been discussed previously in this review, Suenaga et al.’s 61 findings 

demonstrate a direct association between superantigens and superantigen-producing 

bacteria that might be associated with the onset of KD. The viral persistence of KD has 

been speculated to be a result of increased gut permeability due to zonulin – a protein 

discussed earlier in this review that is excreted by gut epithelial cells in response to 

dysbiosis of the microbiome. Zonulin disassembles tight junctions and allows viral 

antigens, such as those produced by Streptococcus, to escape into the blood stream and 

elicit an inflammatory immune response46  

 

There remains a paucity of literature investigating intestinal microbiota composition and 

its role, if any, in the observed symptoms of MIS-C. Recent literature has observed a 

decrease in Faecalibacterium prasnitzii, a bacterium commonly associated with 

inflammatory intestinal diseases such as irritable bowel syndrome and ulcerative colitis.54 

An increase in Eggerthella lenta was also detected in MIS-C patients and has been 

associated with Th17 cell activation and autoimmunity.54 Despite uncertainty in gut 

microbial MIS-C drivers, loss of the gut mucosal barrier and intestinal dysbiosis have 

been established as key drivers in the pathophysiological process of MIS-C. Yonker et 
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al.62 found that a prolonged presence of SARS-CoV-2 in the gastrointestinal tract of 

children with MIS-C led to the release of zonulin and subsequent trafficking of SARS-

CoV-2 antigens into the bloodstream. The zonulin-dependent loss of gut integrity that is 

all but absent in COVID-19-infected children suggests that the chronicity of SARS-CoV-

2 dysbiosis in the gut directly influences mucosal barrier integrity in patients with MIS-C. 

Similarities between zonulin-dependent inflammatory pathways in MIS-C and KD 

highlight a potential therapeutic target that could be used to treat both diseases and will 

be discussed later in this review.  

 

 
3. Etiology 

The specific etiology of KD remains unclear. While earlier theories proposed a single 

pathological agent responsible for triggering the disease, current studies have rendered 

this hypothesis obsolete. At present, the development of KD is proposed to result from 

multiple agents infecting patients with a genetic predisposition associated with an 

abnormal immune system response.  

 

While the origin(s) of KD remains undetermined, growing knowledge about the role of 

SARS-CoV-2 as an etiological agent of MIS-C, and its similarities to the exaggerated 

immune response via cytokine storm observed in KD, support potential of a viral antigen 

hypothesis. Such theories will be expanded upon in this section. 
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3.1  Etiological Theories of KD 

 
Viral Agents  

Detection of antibodies to multiple antigens in children with KD support a multi-antigen 

hypothesis. These include Epsteine-Barr virus (EBV), human coronavirus, and retrovirus. 

EBV is a member of the herpes virus family. The role of EBV infection in the 

pathogenesis of KD remains elusive. In their serological study of EBV in 57 patients with 

KD, Kikuta et al.63 reported that 86% of patients (n = 49) presented with evidence of 

EBV infection during the first month following onset of KD. Similar findings have been 

reported in various case studies.64, 65 Whether or not EBV acts as a concurrent or 

causative agent of KD, however, remains unclear. It has been demonstrated in vitro EBV 

can up-regulate the production of IL-6, an inflammatory cytokine that activates 

endothelial cells and platelets consistent with KD pathology. Contrarily, Fuse et al.65 

found that at the onset of KD, patients aged 1-6 years old had significantly lower EBV 

levels relative to patient controls. The authors speculated that EBV infection could play a 

defensive role in the onset of KD such that decreasing prevalence of EBV infection in 

certain populations may be responsible for the emergence of KD. Further investigation is 

required to discern the etiological role of EBV infection in KD.  

 

A novel human coronavirus designated “New Haven coronavirus” (HCoVNH), has also 

been proposed as an etiological agent of KD. In their case-control study of 11 children 

with KD and 22 control subjects, Esper et al.66 found that 73% of KD patients (n = 8) 

tested positive for HCoVNH, compared to only 4.5% (n = 1) of controls. While the full 
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clinical spectrum of symptoms caused by HCoVNH infection have not been fully 

characterized, the virus has been observed to cause respiratory tract infections consistent 

with KD. The authors propose that although KD is likely distinct from the viral 

respiratory tract infection directly caused by HCoVNH, abnormal clonal expansion of 

CD8+ T cells in response to the infectious agent, in combination with genetic 

predispositions of the host, may result in KD.  

 

Prior literature has also investigated the retroviral etiology of KD. In their serological 

study, Shulman and Rowley 67 cultivated blood samples of 18 children with KD to 

examine reverse transcriptase (RT) activity. The authors identified RT activity on 8 of 18 

children with KD, compared to only 1 of 18 controls, and suggested a casual relation 

between an undetermined retroviral agent and KD. Speculations of a retroviral etiology 

of KD have since been refuted, however, by studies such as Rowley et al.’s 68 which 

determined that polymerase activity of cultured cells from patients with KD were 

deoxyribonucleic acid (DNA)-dependent DNA polymerase rather than viral reverse 

transcriptase, an RNA-dependent DNA polymerase.   

 

 

Bacterial Agents    

A bacterial toxin causing KD has recently been a hypothesis favored by some 

investigators. The current theory posits that the GI tract – the largest lymphoid tissue in 

the body that is constantly exposed to a milieu  of microorganisms – could serve as a host 
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for infectious microbiota.37, 69 In Nagata et al.’s37 immunohistochemical analysis, biopsies 

performed on the mucous membrane of the duodenum of infants with KD revealed that 

certain antigens had likely invaded and significantly activated the host’s immune system. 

The authors suspected that the potential KD-inducing antigens were of staphylococcal or 

streptococcal origin – superantigen-producing bacteria discussed previously in this 

review that cause inflammation through non-specific T cell activation. Current theories 

further support KD as a staphylococcal or streptococcal bacterial-mediated illnesses by 

highlighting clinical similarities, like peeling of the hands and feet, and strawberry 

tongue.70, 71 

 

Advancement in Immune Cell Profiling 

Identification of the etiology or etiologies of KD sits at a current crossroads where past 

etiological records can be used to fuel new molecular analytic approaches. Such methods 

are highlighted in a recent molecular analysis by Burns et al.72 who performed immune 

profiling of patients with KD using breakthrough flow cytometry software and 

fluorescent-labeled antibodies. Such methods reveal changes in the fluorescent intensity 

of specified biomarkers during immune cell activation that ultimately help in 

understanding the phenotypic consequnces of these pathways. In their analysis, Burns et 

al.72 found innate cell responses correlated with specific clinical phenotypes, while T cell 

responses were variable across the cohort. The authors propose these results support a 

multi-agent hypothesis of KD, such that different antigenic stimuli could activate 

different branches of the adaptive immune response in KD.  
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3.2  Viral Triggers as a Shared Etiology Between KD and MIS-C 

It is understood that viral infection by SARS-CoV-2 plays a crucial role in the 

development of MIS-C. The SARS-CoV-2 virus is characterized by a spike (S) protein 

envelope which mediates binding and entry into the host cell. The S protein facilitates 

entry into the host cell through its subunit, which binds to angiotensin-converting enzyme 

2 (ACE 2) receptor and subsequently replicates to release viral antigens throughout the 

body.73 The vast clinical symptoms observed in MIS-C can be explained by the variable 

distribution of ACE 2 receptors throughout different tissues of the body, which are highly 

expressed on epithelial cells of the organs including the intestines, lungs, cardiomyocytes, 

and blood vessels.73  

 

SARS-CoV-2 expresses similar superantigenic behaviors to speculated KD-related 

coronaviruses, HCoVNH, through which antigen-antibody complexes are formed and 

result in excessive activation of the immune system via cytokine storm.66A notable 

distinction of SARS-CoV-2, however, is its novel surface protein structure which 

facilitates stronger interactions with ACE 2 receptors on endothelial cells and, 

consequently, a greater efficacy in host cell invasion.74 Such characteristics are consistent 

with more severe symptoms observed in patients with MIS-C relative to KD, including 

myocardial dysfunction, fever, and GI abnormalities.75  
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3.3  Environmental Triggers  

The seasonality of KD is well recognized but varies among countries. In the United 

Kingdom, Australia, and the United States, peak incidence occurs in winter in spring, 

while summer predominates in China and Korea. Contrarily, seasonal KD incidences are 

less discernible able in Japan.76 Divergent data could be a result of more prominent 

seasonal weather conditions, such that regions with distinct weather markers – such as 

ambient temperatures and precipitation – exhibit recognizable incidence patterns.76 Such 

theories could be explained by Bronstein et al.76, who found that KD incidence in San 

Diego County in the United States was negatively associated with average monthly 

temperature and positively associated with average monthly precipitation. Whether or not 

seasonal conditions independently predispose to KD or rather influence risk of exposure 

by influencing etiological agents remains unclear; however, the lack of consistent 

seasonal associations among countries supports the latter hypothesis.  

 

Environmental toxins as a cause of KD have been generally ruled out. This understanding 

is consistent with the non-recurrent nature of KD in the absence of an identification and 

purposeful removal of a toxin from the environment.77-79 Interestingly, recent literature 

has observed association with wind currents and KD. Rodó et al.80 reported that wind 

currents originating in central Asia that traverse the north Pacific revealed consistent 

patterns with KD cases, primarily in Japan, Hawaii, and San Diego. The authors 

speculate potential of an etiological agent, such as a fungal toxin, that could be 

transmitted through the wind and cause KD. Further investigation of the role of wind-
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born transmission and the identification of the precise etiological agent(s) of KD is 

required to verify these speculations.  

 

Pandemic prevention measures in response to COVID-19 have helped uncover key 

insights into the epidemiological patterns, and resultant etiopathogenesis of KD and MIS-

C alike. A nationwide observational study in South Korea of 53,000 KD patients between 

January 2010 to September 2020 found that number of KD cases decreased by nearly 

40% following the implementation of COVID-19 prevention efforts in February 2020.81 

Furthermore, the seasonality of KD in South Korea, often most prevalent in the winter, 

all but disappeared. Such findings not only challenge speculations of seasonal conditions 

impacting KD, but also strongly suggests that the etiology of KD is related to 

unidentified respiratory pathogens.79   

 

A summary of etiological agents and proposed pathogenic mechanisms of KD and MIS-C 

are summarized in Figure 4. 
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Figure 4.  Proposed developmental pathways of Kawasaki Disease and Multisystem 

Inflammatory Syndrome in Children.  (Top) Kawasaki disease (KD) is likely caused 

by multiple viral agents, most commonly including Epstein-Barr virus, Coronavirus, and 

Retrovirus. A combination of pathogen and host factors, including neutrophils, plasma 
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cells, autoantibodies, immune complexes, intestinal dysbiosis, and genetic 

predispositions, combined with an infectious agent likely contribute to the pathogenesis 

of KD. (Bottom) Multisystem Inflammatory Syndrome in Children (MIS-C) is likely a 

result of acute SARS-CoV-2 infection, characterized by a spike (S) protein envelope 

which facilitates viral entry into the host cell and binds to angiotensin-converting enzyme 

2 (ACE 2) receptor – a ubiquitous receptor expressed on epithelial cells of organs 

throughout the body. Viral SARS-CoV-2 antigens are replicated and released throughout 

the body. A combination of pathogen and host factors, including neutrophils, plasma 

cells, autoantibodies, immune  complexes, intestinal dysbiosis, and genetic 

predispositions, combined with SARS-CoV-2 infection contribute to the pathogenesis of 

MIS-C.  

 

 

4. Epidemiology 

4.1  Age and Gender as Evidence for an Infectious Cause  

KD predominantly affects children from 6 months to 5 years old, with peak incidence 

occurring between 9-11 months of age.2 A 2016 report by the Center for Disease Control 

reported that of 5440 KD-related hospitalizations, approximately 60% were of children 

under the age of 5.82 Such patterns can be explained by notable changes observed in the 

immune system corresponding to these ages. Rivas et al.16 highlights that children 

between 9-11 months old are of peak age for common childhood infections due to a 

significant decrease in passive maternal antibodies. The authors posit there may be 

protective maternal passive immunity against the causative agent of KD from birth to 6 

months, and key elements of immune system maturation that occur in children at or 

beyond 6 years of age. Males are affected 2/3 more frequently than females, a feature 

observed in many infectious diseases due to sex differences in immune response that 

mediate susceptibility.83  
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Due to the recency of the COVID-19 pandemic, the epidemiological nature of SARS-

CoV-2 in children continues to be investigated. A recent meta-analysis by Jiang et al.84 

found that the mean age of MIS-C patients was 8.3 years of age (range 1.6 to 20 years), 

over half of which (58%) were males. While few adult cases of MIS related to SARS-

CoV-2 (MIS-A) have been reported 85, it remains unclear why the virus predominantly 

affects school-aged children. Current literature has speculated that children’s immune 

systems are uniquely able to suppress the initial SARS-CoV-2 infection, and then 

develop MIS-C.86 Although age has not been determined as a characteristic diagnostic 

factor of MIS-C, observed age differences can nonetheless help to differentiate between 

the disease from KD.  

 

4.2  Ethnicity as Evidence for Genetic Determinants  

It is imperative to consider genetic predispositions associated with abnormal immune 

system responses that are speculated to be involved in the development of both KD and 

MIS-C.  

 

The epidemiological characteristics of KD are well-documented and provide valuable 

insight into its etiology.17 Cases of KD have been reported worldwide, with incidences 

reported 10-30 times higher in Asian than Western countries, including Japan, Korean, 

China, and Taiwan.79 Between 2017-2019,  studies found that the occurrence of KD in 

children less than 5 years of age was roughly 359 per every 100,000 children in Japan, 

202 in Korea, and only 19 in the United States.87 Whether or not the observed patterns are 
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a result environmental or genetic factors, or a combination of both, has been under 

scrutiny. Rhim et al.17 highlights the time periods of the first reported cases of KD, an 

overwhelming number of which occurred between the 1960s – 1990s in Northeast Asian 

countries during notable periods of economic growth and westernization. However, these 

claims have been refuted by Dean et al.78 in their epidemiology study who observed that 

Asian children living in the United States had the same high incidence rates of those 

living in Asia. Such observations reinforce hypotheses of a genetic role, rather than a 

cultural or geographic mediator, the predispose Asian children to KD. Race-specific 

incidence rates of KD have also been observed to be higher in Black children. In their 

4.5-year statewide case study, Davis et al.88 found that rates of KD among Black children 

in Washington state occurred in 23.4 per 100,000 children, nearly double the incidence of 

KD observed in White children. The authors posit that controlling for location (i.e. all 

patients living in the same state) could suggest that a difference in immune response 

could be due to genetics, although cultural and environmental factors could not be ruled 

out. Additional studies have also shown that African ancestry predicts heightened 

inflammatory response to pathogens, which could have a genetic basis that may have 

broad implications for the association with KD.89 

 

Current studies have also investigated the association of ethnicity with MIS-C. In 2020, 

the CDC determined that of 1097 cases of MIS-C, 75% of patients were Hispanic or 

African American.90 These findings were further corroborated by Middleburg et al.91 in a 

multi-institutional case-control study of 73 MIS-C patients, who observed that children 



 

 

36 

with Black and Asian genetic backgrounds were 15 and 11 times, respectively, more 

likely than White children to develop COVID-19 related MIS-C. The authors refuted the 

idea that these disproportionate findings – particularly among Black children – could be 

entirely, if at all, accounted for by socioeconomic status, challenging that the observed 

prevalence of MIS-C is five times higher than the overrepresentation of Black American 

adults diagnosed with COVID-19. The overrepresentation among adults has been largely 

linked to existing health disparities. If the overrepresentation of MIS-C in Black children 

was due to the same disparities, Middleburg et al.91 argues a similar prevalence pattern 

would be observed. Such discrepancies could suggest evidence of a genetic 

predisposition.  

 

Trends in ethnicity and disease prevalence between KD and MIS-C warrant further 

discussion, particularly in Black children. As reviewed previously, incidence of KD in 

Black children has been estimated to be two times higher compared with White children. 

Similar incidence patterns observed among Black children diagnosed with MIS-C could 

suggest the possibility of a shared genetic predisposition between the two diseases that 

influences similar hyperinflammatory response pathways. While a similar, though 

weaker, association was observed among Asian children and MIS-C in Middleburg et 

al.’s 91 findings, such results should be considered with caution. The author’s included 

patients diagnosed with MIS-C based on clinical evaluation. Such methods increase the 

likelihood of incorrectly including cases unrelated to SARS-CoV-2 infection that present 

with similar symptomology, such a KD. The observed association could therefore be an 
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overestimate and partially due to KD, which is known to have a strong association with 

Asian children.  Further studies should aim to elucidate the potential of genetic 

predispositions toward hyperinflammatory responses and their association with ethnicity, 

particularly among Black and Asian children.  

 
 



 

 

38 

THERAPEUTIC STRATEGIES & OUTCOMES 

 
1. Intravenous Immunoglobulin Therapy 

Intravenous immunoglobulin (IVIG) therapy is standard first-line treatment for KD, and 

has proved successful in the management of MIS-C. Therapeutic IVIG consists of normal 

IgG – a high-affinity antibody that controls toxins, viruses, and bacteria through 

neutralization, phagocytic, and complement mechanisms – obtained from the plasma of 

healthy blood donors that is administered to patients. IVIG modulates immune pathways 

through a complex mechanism of synergistic events that ultimately normalize a 

compromised immune system.92 These processes include regulating the activation of B 

and T lymphocytes, neutralization of pathogenic autoantibodies, interference with antigen 

presenting cells, and interaction with cytokines and endothelial cells that provoke anti-

inflammatory pathways. 93A summary of the mechanisms of action of IVIG are 

summarized in Figure 5.  

 

Interaction with Lymphocytes  

IVIG has been reported to decrease Th17 cell proliferation and increase Treg cell 

proliferation. As discussed previously in this review, Th17 cells lead to the production of 

pro-inflammatory cytokines including IL-17, IL-6, and TNF, all of which are observed at 

increased levels in both KD and MIS-C. Inhibition of Th17 cell proliferation is 

modulated by IgG’s fragment antigen-binding (Fab) region, which binds to Th17 cell 

receptors and blocks transcriptional pathways necessary for replication.93 

 



 

 

39 

Alternatively, anti-inflammatory Treg cells, which are observed at lower-than-normal 

levels in KD patients, also expand in response to IVIG therapy. This novel immune 

regulatory function of IgG has recently been described by Hsieh et al.36, through which 

Treg cells recognize the heavy chain constant region (fragment crystallizable region, Fc) 

of IgG presented by dendritic cells, and stimulate expansion.   

 

Interaction with Autoantibodies  

Interaction between IVIG and variable regions of autoantibodies provides a basis for their 

ability to regulate autoreactive B cells (sources of autoantibodies). IVIG has been 

observed to neutralize autoantibodies and/or inhibit their binding to autoantigens, thereby 

dysregulating the pathway through which autoantigens are presented to T cells and 

induce hyperinflammatory responses.94 While speculation of autoantibodies towards 

AECAs and endoglin have been discussed earlier in this review, there is currently no 

consistent evidence of a direct pathogenic role for autoantibodies in KD or MIS-C. As 

such, IVIG regulatory mechanisms of autoantibodies in these diseases remains merely 

postulated and further research is required to verify its therapeutic role.  

 

Interaction with Antigen Presenting Cells 

Dendritic cells (DCs) are among the most ubiquitous antigen presenting cells that take up 

antigens to interact with and stimulate T lymphocytes. It has been observed that IVIG can 

mediate DC expansion to induce anti-inflammatory Treg cell proliferation. IVIG expands 

Treg cells via induction of cyclooxygenase-2- dependent prostaglandin E2 (PGE2), which 
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are hormone-like lipids that increase migration of DCs under pathological conditions. 

Maintaining normal motility of DCs is crucial for migration to the lymph nodes and 

subsequent stimulation of  Treg cells.95   

 

Interaction with Complement System  

The complement system is considered the body’s front line of defense against pathogens 

and acts to induce a series of innate inflammatory responses.93Among these responses 

include complement-induced neutrophil activation, which leads to an early neutrophilic 

surge in KD and MIS-C as discussed earlier in this review. IVIGs contain antibodies 

against a particular lectin protein –  sialic acid-binding Ig-like lectin (Siglec) – that 

resides on the surface of neutrophils. The anti-Siglec antibodies present in IVIG interact 

with surface Siglec proteins, resulting in neutrophil death and subsequent anti-

inflammatory effects.96   

 



 

 

41 

Figure 5. Therapeutic mechanisms of intravenous immunoglobulin. Intravenous 

immunoglobulin modulates immune pathways through a complex mechanism of 

synergistic events that ultimately normalize a compromised immune system. These 

processes include (clockwise, from bottom) inhibition of B cell activation, regulation of 

the host’s complement system, neutralization of pathogenic autoantibodies, inhibition of  

Th17 cell proliferation, increasing Treg cell proliferation and interference with antigen 

presenting cells. Figure adapted from Hoffman and Enk.97 

 

Clinical Outcomes on KD and MIS-C  

IVIG therapy has emerged as the standard of care for management of KD and can 

alleviate symptoms within hours of initiating infusion. While the primary goal of IVIG 

administration in KD is to prevent coronary artery damage and systemic vascular 

inflammation, it also eradicates concurrent symptoms including fever, rash, edema, and 

conjunctival hyperemia.93 In their recent meta-analysis including 4,609 KD patients 
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comparing high-dose IVIG regimens to medium- and low-dose regimens 

and acetylsalicylic acid (aspirin), Broderick et al.98 found that patients receiving high-

dose IVIG regiments ( > 1.6 g/kg) experienced reduced incidence of CAAs compared to 

medium (1.6 - 1.0 g/kg) - and low-dose ( < 1.0 g/kg) regimens , as well as reduced 

duration of fever, and need for additional treatment. Such findings suggest that response 

to IVIG occurs in a dose-dependent manner, and that high-dose IVIG regimens are not 

only safe, but also the most effective in KD treatment. Standard initial pharmacological 

management currently involves IVIG at a single 12-hour infusion at a dose of 2 g/kg, 

supplemented by 30 to 50 mg of aspirin. This regimen has been shown to reduce long-

term coronary injury from 25% to 4.7%. 99 

 

While the use of IVIG in the treatment of KD has been well-established, its efficacy in 

MIS-C remains under investigation. In their literature review, Sharma et al.2 found that 

70-100% of patients (n=1,020) were treated with IVIG as a first-line agent, with 

satisfactory results. These findings were further validated by Feldstetin et al.8 in their 

targeted surveillance of 186 MIS-C patients, who found that IVIG was generally 

preferred (77% of patients) to mitigate hyperinflammatory symptoms. Alternatively, 

some studies have found IVIG to be ineffective in 51%-81% of MIS-C patients. In their 

retrospective cohort study of 19 patients with MIS-C, Vukomanovic et al.25 found that 

70% of patients were unresponsive to IVIG. Such findings further emphasize 

pathological distinctions between MIS-C and KD and support the notion that MIS-C 
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presents with more profound inflammation that may require alternative therapeutics to 

mitigate immune dysregulation.  

 

2. Alternative Treatment Strategies  

Despite the well documented efficacy of IVIG in the treatment of KD and its promising 

therapeutic role in MIS-C, patients do not always respond to this regimen. In fact, 

Rambabu et al.100 has identified key metabolic pathways that may contribute to IVIG 

resistance, including increased expression of inflammatory genes, abnormal regulation of 

Th17 response, and high mitochondrial activity. Clinical risk factors have also been 

proposed as identifiers for IVIG resistance, including coronary artery dilation, age < 6 

month, and Asian race.101 Such findings could assist in early identification of IVIG non-

responders and the implementation of alternative therapies.  

 

Recent discoveries involving alternative therapeutic approaches and outcomes, combined 

with increasing knowledge of IVIG resistance, have not only advanced management of 

KD and MIS-C but also further shed light on important mechanistic differences in their 

inflammatory pathways. A select number of these interventions include corticosteroids, 

zonulin antagonists, and cytokine antagonists.  

 

2.1  Corticosteroids 

Corticosteroid treatment is utilized in a broad range of vasculitis diseases with great 

efficacy. Although its role in each disease is somewhat pathway-specific, corticosteroids 

generally function to suppress the transcription of inflammatory proteins. In KD, the use 
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of corticosteroids as part of an initial treatment or second-line treatment has been 

observed as a promising therapeutic approach. In their pooled meta-analysis of 922 KD 

participants treated with corticosteroids, Wardle et al.102 found that patients experienced 

improved coronary artery abnormalities, decreased hospital stay and duration of clinical 

symptoms. Mechanism of corticosteroid efficacy in KD is understood to be due to the 

suppression of inflammatory neutrophils which damage arterial tissue and subsequently 

induce aneurysm, as discussed previously in this review. Interestingly, in a subgroup 

analysis the authors found that certain patient cohorts, including those based in Asia, with 

higher risk scores, and receiving longer treatment may experience greater benefits from 

steroid treatment. Additional large-scale cohort analyses are required to further 

investigate these questions. 

 

Due to the robust inflammatory nature of MIS-C, IVIG alone may not be sufficient in all 

cases and may require use of more comprehensive immunosuppressants like 

corticosteroids as first-line therapy. In their case study of 29 MIS-C patients treated with 

IVIG alone, Felsenstein et al.6 found that 32% of patients treated went into remission and 

required additional treatment with corticosteroids. Vukomanovic et al.103 goes even 

further to suggest that corticosteroid intervention alone may be more effective than IVIG, 

observing that patients treated with only IVIG had an almost 19-fold higher probability of 

treatment failure than those treated with corticosteroids. An observed elevation of IL-6 in 

these patients increased vascular permeability and subsequent myocarditis. Such findings 
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support the notion that MIS-C inflammation is much more robust than KD and may 

require alternative or supplemental therapeutic intervention.  

 

2.2  Zonulin Antagonists 

The role of zonulin-dependent increase in gut permeability in KD and MIS-C patients has 

been under recent investigation as a potential therapeutic target for patients who are 

unresponsive to ant-inflammatory therapies like IVIG. As proof of concept, Rivas et al.16 

observed that pharmacological blockade of zonulin in KD-induced mice significantly 

reduced intestinal permeability, cardiovascular inflammation, and abdominal aorta 

dilation. Zonulin blocking pathways also halted the development of cardiovascular 

lesions associated with KD. The authors also observed a significant decrease in 

circulating levels and deposition of IgA – a recently detected hallmark of  KD that 

appears to infiltrate tissues upon infectious exposure.   

 

Similar mechanisms have also proven effective in MIS-C patients. In their comparative 

cohort study, Yonker et al.62 administered larazotide, a zonulin antagonist, to four MIS-C 

children in addition to steroids and IVIG. The authors compared outcomes from this 

cohort to MIS-C patients who underwent steroid and IVIG treatment only and observed 

that children who received larazotide experienced significantly faster resolution of GI 

symptoms, drop in SARS-CoV-2 plasma antigen levels, and shorter hospital stays.  
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Similar findings between these studies further confirm the shared zonulin-dependent 

mechanisms of inflammation between KD and MIS-C, as well as demonstrate the 

potential benefit of hybrid therapies that can be implemented with IVIG.  

 

2.3 Cytokine Antagonists 

Growing knowledge on the role of distinct cytokines in the pathogenesis of KD and MIS-

C have offered insight into potential therapeutic targets. As discussed earlier in this 

review, TNFα and IL-1 are potent pro-inflammatory cytokines that are observed at 

elevated levels in patients with KD and MIS-C, and therefore serve as appealing potential 

therapeutic targets. Infliximab, a TNFα-blocker, has been used as second-line therapy in 

KD and MIS-C patients with IVIG resistance and persistent inflammation.22 Early 

intervention with infliximab has been proven to induce a rapid inflammatory resolution 

and improved outcomes in patients with both diseases.22, 104 Similar results have been 

observed using IL-1 antagonist, anakinra, in patients refractory to IVIG and 

corticosteroids.105  

 

While there remains no clear consensus on precise second-line treatment interventions, 

literature suggests that anakinra is favored in MIS-C, whereas infliximab may be more 

often deployed in KD.106 Although its mechanistic advantage in MIS-C is not completely 

clear, Hadjadj et al.107 showed that in adult patients with severe COVID-19, IL-1 plays a 

critical role in the pathogenesis of excessive inflammation. As such, IL-1 receptor 

antagonists such as anakinra may prove more advantageous in COVID-19-related MIS-C 
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in down-regulating downstream proinflammatory cascades secondary to IL-1. These 

findings further highlight potential pathogenic differences between MIS-C and KD that 

warrant consideration, particularly in the optimization of therapeutic intervention.  
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CONCLUSION 

Clinical, pathological, etiological, and epidemiological differences indicate that although 

KD and MIS-C present with certain phenotypic similarities (fever, mucocutaneous 

disturbances, cardiac dysfunction, and skin rashes), they are two distinct diseases.  

 

Clinical hallmarks of KD include acute vasculitis and development of CAAs, however 

growing diagnostic strategies have reduced incidence of CAA-related complications to 

<10%. Cardiac involvement in MIS-C is more prevalent, with higher incidence of CAA-

related complications, myocarditis, and cardiogenic shock. Children with MIS-C 

generally present with more prominent respiratory, GI, and neurological abnormalities as 

well . 

 

The pathophysiology of KD and MIS-C are both associated with intense activation of 

innate and adaptive immune system responses and subsequent cytokine storm resulting in 

systemic inflammation. Genetic predispositions, particularly SNPs in genes related to T 

and B cell activation (CASP3, ITPKC, and BLK) and cardiac remodeling (TGF-β) have 

been detected in patients with KD. Similar expression of ViP signature genes as well as 

KD-specific transcript diagnostic signature have been detected in both diseases and 

suggest a shared proximal pathway of immunopathogenesis. Evidence of a superantigen-

mediated disease is more likely in MIS-C, through which the SARS-CoV-2 viral S 

protein may behave like a superantigen, triggering a cytokine storm that results in the 

development of cardiogenic shock. Both KD and MIS-C are associated with high levels 
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of neutrophils and NETs, IL-17, and IL-6 inflammatory cytokines. However, MIS-C is 

characterized by pronounced lymphopenia, particularly circulating CD4+ T cells. Current 

literature suggests reduced lymphocytes are a result of either T cell shuttling to inflamed 

tissues or the compromising of T cell response via superantigen mechanisms. A growing 

body of literature has also detected concentrations of an antigen-specific IgA derived 

from activated B cells in host tissues of both diseases. These findings notably support 

etiological theories of KD as an antigen-driven disease. Presence of AECAs is unique to 

KD and suggest that autoantibodies likely play a pathogenic role in vasculitis symptoms. 

Immune complexes formed through antigen-antibody excess have been detected in both 

diseases, and explain parallels observed in tissue pathology. Intestinal dysbiosis involving 

Streptococcus and SARS-CoV-2 have been observed in KD and MIS-C, respectively, and 

are speculated to escape into the bloodstream via zonulin-dependent loss of gut integrity 

and elicit persistent inflammation.  

 

It is likely that a combination of pathogen and host factors contribute to the origin of both 

KD and MIS-C. Positive SARS-CoV-2 serology in MIS-C patients indicates a link to 

prior infection or exposure, while advancements in immune cell profiling indicate that 

KD is a result of multiple viral agents which activate different branches of the immune 

system. Potential host factors include age, gender, genetic, and epigenetic 

predispositions. KD predominantly affects children <5 years old, while MIS-C has been 

reported in a wide age range with a mean age of 8 years. Infection among males is more 

common in both diseases. Interestingly, MIS-C is reportedly more common among 
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children of African American or Hispanic descent – a stark contrast to the high 

frequencies of East Asian populations diagnosed with KD.  

 

IVIG remains the standard of care for KD and has proven efficacious in MIS-C 

treatment, but to a lesser degree. Differences in host response to IVIG treatment are likely 

a result of the heightened inflammatory symptoms in MIS-C and further emphasize key 

immunologic differences that classify the two as essentially distinct diseases. Alternative 

therapeutic interventions include corticosteroids, zonulin and cytokine antagonists.  

 

In conclusion, several clinical features overlap between KD and MIS-C and indicate they 

may belong under the same umbrella of inflammatory disorders. However, key 

differences in clinical, pathological, etiological, and epidemiological observations 

enhance our understanding of these diseases as two distinct entities. Despite recent 

advancements in knowledge of MIS-C, and its contribution to our ongoing understanding 

of KD, critical gaps remain. Additional long-term research of KD and MIS-C 

investigating etiologic agents and immunopathogenic mechanisms is required to better 

understand at-risk populations and inform diagnostic and therapeutic approaches.    
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