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Kawa-COVID-19 Storm: Multisystem
in�ammatory syndrome in children
(MIS-C) associated with SARS-CoV-2?
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Multisystem in�ammatory syndrome in children (MIS-C) is a new type of serious disease that

a�ects children in childhood and is associated with infection with SARS-CoV-2.

According to current data, COVID-19 is less common in children and has a milder course. Recently,

however, there has been an increase in the number of pediatric patients worldwide who have

symptoms resembling Kawasaki disease after overcoming COVID-19 infection. Kawa-COVID-19

probably represents a new systemic in�ammatory syndrome associated with SARS-CoV-2 (MIS-C)

in children. Symptoms of Kawa-COVID-19 occur in pediatric patients approximately two weeks after

SARS-CoV-2 infecton, and in 50% of cases, the most common complication is myocarditis.

Prognostic severe factors include patients over �ve years old and ferritin concentrations> 1400 μg /

L. Further international studies will be needed in the future to help better understand the nature of

the disease.

Introduction

Since the �rst reported case of pneumonia in December 2019 in Wuhan, China, caused by a novel

coronary virus (COVID-19) with severe acute respiratory syndrome (SARS-CoV-2), a pandemic has

occurred with more than 200,000 deaths worldwide (1,2). Unlike adults, children are less susceptible

to the disease, and the course is milder (3).

The number of SARS-CoV-2 cases has reached over 19.8 million con�rmed cases, and 730,000 deaths.

Studies have noted that children with COVID-19 are safe from developing the infection, as they su�er

from simple symptoms in the upper respiratory system, as one study con�rmed that out of 171

children infected with COVID-19, only 3 children are required to enter into intensive care, with one
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death recorded. But in 2020, new symptoms appeared on children with COVID-19, including a high

temperature, a rash, conjunctivitis and pain in the digestive system. It was diagnosed by Royal College

of Paediatrics and Child Health (RCPCH) as a pediatric multisystem in�ammatory syndrome

temporally associated with COVID-19 (MIS-C) (46).

The most important challenge was the great similarity between MIS-C versus Kawasaki disease (KD)

or toxic shock syndrome (TSS). Kawasaki disease (KD) is an in�ammatory blood vessel disease

associated with a high temperature in children less than 5 years old. Although the disease may appear

mild, it may reach a dangerous stage if in�ammation occurs in the coronary artery, or in the heart

muscle, or by the occurrence of strokes (47).

Kawasaki disease can be divided into classic or incomplete based on the following criteria:

Fever of more than 5 days with 4 or more of the following criteria: conjunctival injection, fever, edema

of hands and feet, lymphadenopathy, in�ammation of the oral membranes. In contrast, an incomplete

KD includes diagnosis if the fever lasts 2-3 days (48).

KD is an acute systemic vasculitis of unknown aetiology that a�ects medium-calibre arteries and

leads to the development of coronary artery aneurysms in approximately 25% to 40% of untreated

patients. It occurs mainly in children under the age of �ve. KD is the leading cause of acquired heart

disease in pediatric patients in developed countries (10). Pericarditis occurs in 18% of patients.

Myocarditis occurs in 3% of cases and occasionally causes cardiogenic shock in the acute stage of the

disease (11, 12). The risk of developing coronary artery aneurysms is reduced in patients treated with

intravenous immunoglobulins (IVIG) to approximately 3-6%. Seasonal variations, epidemiological

data, and the low risk of disease recurrence suggest that several infectious agents may be an essential

trigger for KD, although no speci�c microorganisms have been identi�ed to date (13). Genetic factors

may be involved in the pathophysiology of KD, which leads to stimulation and activation of the innate

immune system (15, 16).

In addition to the cases mentioned above in the US and UK, a group of doctors from France also

described 16 cases of COVID-19 / SARS-CoV-2 patients between March and April 2020 who developed

the disease atypically form of KD (17).

The main purpose of this review is to clarify the vision for doctors and therapists for ease of diagnosis

and to take appropriate decisions in the treatment strategy, which contributes to raising the cases of

recovery.
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Main

Until recently, COVID-19 was considered an almost harmless disease in children (2). Pouletty et al.

describe a group of 16 patients with a KD-mimicking systemic in�ammatory syndrome associated

with SARS-CoV-2 (Kawa-COVID-19) infection. This severe disease that required intensive care was

observed in 44% of the cases. All patients presented complete or incomplete symptoms of KD, but

there are di�erences that quite clearly re�ect the di�erence between the typical form of KD and Kawa-

COVID-19 and suggest that this disease represents a new entity also con�rmed by the study of Verdoni

et al. First, the median age of pediatric patients is higher than in classic KD (> 5 years). Second, the

frequency and severity of myocarditis are strikingly di�erent and higher than with the classic form of

KD. Third, abdominal pain and diarrhoea are much more common symptoms (almost 81% of patients)

than in classic KD (approximately one in three patients) (18).

Finally, heart failure, pneumonia, gastrointestinal, nervous, and kidney disorders, elevated C-reactive

protein (CRP), ferritin, and cytokines (especially IL-1, TNF-α, and IL-6) are more common in Kawa-

COVID-19. In addition to heart failure, these symptoms are also common in adult patients with severe

COVID-19 19, 20. However, unlike adults, pediatric patients with Kawa-COVID-19 rarely show

respiratory symptoms, suggesting a di�erent immune response in children. However, in almost

everything in pediatric patients without respiratory symptoms, di�use peripheral vitreous lesions

were observed in the lungs bilaterally on computed tomography (17).

In light of the above, paediatricians should suspect Kawa-COVID-19 in any child with an unexplained

fever lasting more than four days and elevated CRP in the context of a pandemic, especially if any of

the clinical signs of COVID-19 are present or comes in contact with is con�rmed with an infected

patient during the last month. In such cases, the classic clinical signs of KD and symptoms of the

respiratory system or gastrointestinal tract should be closely monitored.

As part of prevention, some tests should be done routinely to diagnose life-threatening complications.

These include the diagnosis of myocarditis (troponin, natriuretic peptide - NT-proBNP, ECG),

macrophage activation syndrome (white blood cells, �brinogen, ferritin, and albuminuria) and renal

failure (creatinine, urea, and proteinuria). Doctors should be especially careful with patients older

than �ve years with elevated ferritin levels (above 1,400 μg / L) due to the risk of rapid progressive

Kawa-COVID-19 heart failure (17).

Patients should be evaluated by RT-PCR for SARS-CoV-2 (reverse transcription-polymerase chain

reaction), at least from nasopharyngeal secretions or stool samples. Serological tests are also
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recommended (they may be negative due to the late onset of this syndrome). Additional virologic

examinations should rule out alternative diagnoses.

The study by Pouletta et al. demonstrates a direct link between KD and SARS-CoV-2. Interestingly, all

these cases occurred between April 7 and April 30, 2020, one week after the epidemic outbreak in the

Greater Paris region between March 31 and April 1, 2020. There has also been an increase in atypical

forms of KD in other countries, including the US (17).

The Royal College of Pediatrics and Child Health (UK) and the New York City Department of Health

(US) issued guidelines in late April 2020 and early May 2020 on associated childhood multisystemic

in�ammatory syndrome with COVID-19. Furthermore, information on hyperin�ammatory shock in a

group of children during COVID-19 treatment has been published recently (6, 8, 9, 20).

Pathophysiology of KS and Kawa-COVID-19

Like some viral diseases, KS is a high fever illness with rash, swollen lymph nodes, enanthemum, and

conjunctival injection. Scarlet fever should be mentioned as a bacterial disease with clinically similar

symptoms. Despite these similarities, it has not yet been possible to detect germs, and a large number

of infectious agents are discussed as causes. The cause was suspected to be retrovirus, adenovirus,

EBV, human herpesvirus 6, chlamydia, streptococci, mycobacteria, and house dust mites.

There are several contradictory hypotheses about the aetiology and pathogenesis of Kawasaki

syndrome, which is why the disease classi�cation is controversially discussed.

One hypothesis views KS as a disease in which an infectious agent triggers a prolonged, self-directed

immune response. The KS would be between infectious disease and autoimmune disease. According to

this model, among other things, a superantigen is supposed to activate the immune system. This

assumption is based, among other things, on a KS mouse model in which the induction of coronary

arteritis is directly correlated with the superantigen activity of the Lactobacillus casei cell wall extract.

This superantigen triggers the local production of IFN-γ and TNF-α in the walls of the a�ected

vessels; TNF-α is of central importance for in�ammation of the vessels, mice with the inactive TNFR1

gene do not get sick. A special feature of the Lactobacillus superantigen is protecting activated T cells

against apoptosis through increased costimulation. This is mediated by up-regulation of TLR-2 (toll-

like receptor) and results in the production of MMP-9 (matrix metalloproteinase), a molecule that is

essentially responsible for aneurysm formation (22–24), and it has been implicated in COVID-19 (25).
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Another theory relies on a ubiquitous and previously unknown RNA virus as the trigger. This is

supported by the following points: although neutrophils are the predominant cell type in the blood of

KS patients, mainly mononuclear cells are found in the walls of in�amed vessels, and CD8 + T cells

predominate in T cells. IgA plasma cells are dominant among immunoglobulin-producing cells. The

combination of T cells CD8 + and IgA plasma cells suggests an immune response against an

intracellular pathogen. The IgA response is oligoclonal, and synthetic IgA antibodies can be used to

detect a speci�c antigen on the bronchial epithelium and macrophages of in�amed KS tissue. This

antigen resides in cytoplasmic inclusion bodies that contain a viral protein and ribonucleic acids.

According to this hypothesis, KD is caused by a still unknown "new" RNA virus that infects the

bronchial epithelium. This infection remains asymptomatic in non-susceptible children but triggers

the disease in a group of genetically susceptible children (26).

Another complementary hypothesis was proposed by Rodó et al. proposes. After that, tropospheric

winds are said to bring the causative agent of Kawasaki disease from northeast China to Japan. The

postulated windborne agent could be related to several hypotheses mentioned above. However, the

authors themselves later pointed out the complexity and open questions of their "wind hypothesis"

(27, 28).

Regardless of the infectious cause that leads to the disease, there is undoubtedly a genetic

predisposition in KS. This fact is suggested, among other things, by the much higher incidence of the

disease in Japanese children, which remains higher even if they live in the United States.

Consequently, genome-wide association studies have shown several genes associated with the risk of

developing KS. Other loci are associated with the risk of cardiovascular disease or resistance to

immunoglobulin therapy (24, 29, 30).

KS leads to systemic activation of the immune system. This is demonstrated by the increase of various

cytokines IL-1, TNF-α, IFN-γ, IL-4, IL-6, IL-8 and IL - 10. Cell activation markers and adhesion

molecules such as ICAM-1, VEGF, PDGF, and CD84 are also increasingly expressed. This triggers the

in�ammation of the vessels. These results show that both the nonspeci�c and speci�c immune

systems are involved in the pathogenesis and suggest a process triggered by an antigen (26, 31).

The pathophysiology of Kawa-COVID-19 has yet to be clari�ed. Post-infectious processes with

delayed activation of the immune system, leading to a cytokine storm, are responsible for fever, skin

symptoms, heart failure, and in�ammatory syndrome. This mechanism appears to be a possible

presumed pathophysiology of atypical KD (32–34).
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Kawa-COVID-19 develops 2-4 weeks after overcoming acute SARS-CoV-2 infection. In some patients,

residual faecal virus shedding was demonstrated in a negative nasopharyngeal test. Nevertheless, all

the patients had positive IgG antibodies, con�rming a recent infection (2 to 4 weeks) with SARS-CoV-

2 (35, 36). These �ndings indirectly indicate that the consequences of a previous SARS-CoV-2

infection may act as a trigger and cause additional in�ammatory disease. Viral elements have also

been found in endothelial cells of patients infected with SARS-CoV-2, as well as signs of accumulation

of in�ammatory changes, apoptosis, and pyroptosis (37). Damage to endothelial cells may explain

subsequent autoin�ammatory changes (vasculitis) with activation of IL-1 or IL-6 (38, 39).

The nonspeci�c immune response that pediatric Kawa-COVID-19 patients have compared to adults

remains questionable and the presence of speci�c genetic factors that may predispose children to

more than adults in response to in�ammatory disease.

Treatment

Patients should be closely monitored and managed therapeutically for the rapid and progressive

development of the disease.

Previous studies presented pediatric patients with cardiovascular complications, either myocarditis or

coronary artery aneurysms (44% vs. 19%) (12, 40).

According to American Heart Association (AHA) guidelines, an IVIG injection (2g / kg) should be given

with aspirin while the patient is feverish. It has been suggested that glucocorticoids should be given to

patients with possible coronary artery aneurysms (49).

In some treatment centers, patients with MIS-C were considered to be of high risk, so they should be

given IVIG, aspirin and pulse steroids. One study found that (11%) of patients treated with IVIG had a

relapse, so in these cases they resort to giving them biological treatment such as anti- IL-6, anti-TNF

(50).

Since most patients with MIS-C are prone to vascular thrombosis, they should be given anticoagulants

in the treatment protocol (51).

However, 31% of the patients required treatment with anti-in�ammatory steroids. Complementary

anti-in�ammatory therapy should be considered in patients with severe disease or the presence of

prognostic factors, especially those over 5 years of age and high levels of ferritin (> 1400 μg / l) (17).

According to the literature, some other methods of treating KD are being considered. Steroids have

been used successfully in KD therapy for several years. Anakinra, which acts as an IL-1 receptor
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antagonist, shows promise. Attempts have been made to use this drug in cases of refractory disease

(40), and its strong anti-in�ammatory e�ects are still under investigation in clinical studies (41)

(KAWAKINRA, Clinical Trials. Gov.: NCT02390596).

Tocilizumab (an anti-IL-6 receptor monoclonal antibody) is used to treat juvenile idiopathic arthritis

since their symptoms are reminiscent of Kawa-COVID-19 symptoms: rash, fever, arthritis,

multisystem in�ammatory syndrome, elevated ferritin levels, etc. Patients with severe COVID-19 have

elevated IL-6 levels, and treatment with tocilizumab has shown promising results (CORIMUNO-19,

Clinical Trials. Gov.: NCT04331808) 42, 43. In the framework of international cooperation, more

multicenter studies are needed to evaluate the e�cacy of these drugs.

Conclusion

Kawa-COVID-19 is a systemic in�ammatory disease that resembles KD and is associated with SARS-

CoV-2 infection. However, this new disease di�ers from classic KD in that it occurs in older children

and has a higher frequency of complications such as severe myocarditis or pericarditis. Prognostically

unfavourable outcome criteria in pediatric patients include age older than 5 years and elevated ferritin

levels (> 1400 μg / l). Single IVIg administration in these studies resulted in remission of in�ammatory

changes in only 31% of patients, and 62% required a second line of treatment. In�uenza vaccination

and rational antibiotic therapy remain essential during the respiratory season (44, 45). Another

challenge in international cooperation is elucidating the immune response and genetic factors better

to understand the pathophysiology and entity of this emerging disease.

Despite the physiological similarities between MIS-C and Kawasaki disease, there are some

di�erences that can explain the di�erence between them. Also, reports indicate that children with

MIS-C who have been infected with Covid 19 are rapidly deteriorating, so they need careful care, and

the condition may reach the need for intensive care.
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