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Abstract

I. Multisystem infammatory syndrome (MIS-C) is a pediatric 
hyperinflammation disorder caused by severe acute respiratory syndrome 
coronavirus-2 (SARS-CoV-2).

II. Some of the clinical manifestations of MIS-C mimic Kawasaki disease (KD) 
shock syndrome.

III. MIS-C develops 4–6 weeks following SARS-CoV-2 infection

IV. Though it has multisystem involvement, it is the cardiovascular 
manifestations that are most prominent

V. its immunopathogenesis is not fully elucidated

VI. it has some overlap with KD but immunopathogenesis is still unclear

VII. intravenous immunoglobulin and high-dose corticosteroids as frst-line 
treatment

VIII. Mortality rates of MIS-C are lower compared to adult forms of severe 
COVID-19 disease.



Background

I. Kawasaki disease (KD) is a medium vessel vasculitis of undetermined 
etiology usually affecting children below 5 years

II. As far back as 2004 that an unidentified respiratory infectious agent with 
tropism to vascular tissue, likely a virus, could be linked to the etiology of 
KD.

III. There has also been a noticeable increase in incidence of ‘Kawasaki-like 
illness’ in association with Coronavirus disease 2019 (COVID-19) pandemic

IV. Several terminologies have been used to describe this condition:

• Kawasaki-like syndrome (KLS)

• Atypical Kawasaki disease

• Incomplete Kawasaki disease

• SARS-CoV-2-induced Kawasaki-like Hyper-inflammatory Syndrome (SCiKH
Syndrome) 

• Kawa-COVID-19





MIS-C and KD, however, differ in several clinical features:

• Gastrointestinal complications, shock and coagulopathy are 
more common in patients with MIS-C, but are unusual in 
classic KD

• Classic KD is common in North East Asian countries, whereas 
MIS-C has been reported more commonly in patients of 
African, Hispanic or Latino ethnicity

• KD is common in children below 5 years, whereas MIS-C is 
more common in older children

• however, it is unclear whether the immunological 
mechanisms behind hyperinflammation of MIS-C are the 
same as that in adults with COVID-19

• Cytokine storm induced hyperinflammation in adult COVID-19 
is usually seen within 2 weeks, whereas MIS-C has been more 
commonly reported after 2 weeks of SARS-CoV-2 infection.



COVID-19

• Coronavirus disease (COVID-19) is an infectious disease 
caused by a newly discovered coronavirus SARS-CoV-2, which 
is a member of Betacoronavirus family

• largely asymptomatic in most individuals

• A minority of patients develop severe disease : elderly 
patients and in patients with comorbidities such as diabetes 
and cardiovascular disease

• Transmissibility of SARS-CoV-2 is higher when compared to 
other coronaviruses such as SARS-CoV (2002) and Middle East 
Respiratory Syndrome (MERS)



Phenotypes of COVID-19 infection observed 
in children and diferences from adult disease

• SARS-CoV-2 enters the host cell through binding of its spike (S) protein to 
the ACE2 receptor. This entry is facilitated by priming of S-protein through 
proteases (e.g., TMPRSS2).

• Recent studies have shown that adults have higher expression of ACE2 and 
TMPRSS2 on alveolar lining cells as compared to children.

• Pediatric COVID-19 typically presents with mild symptoms such as cough, 
fever, sore throat and diarrhea. Lower respiratory tract symptoms are 
usually less prominent in children as compared to adults. 

• In childern progression to acute respiratory distress syndrome (ARDS), 
which is a hallmark of adult COVID-19 disease, is even less common.

• Mortality rate in children as compared to adults 0.1% versus 5-15%.





Clinical correlation of immune response in pediatric 
COVID-19

• Children with mild COVID infection have been reported to have increased 
number of IgG producing B cells as well as lower levels of acute phase 
reactants such as C-reactive protein (CRP) and IL-6.

• Lymphocytopenia, on the other hand, is more common in adult patients with 
severe COVID-19 infection as compared to children 

• Children with pneumonia in the setting of COVID-19 have low levels of serum 
IgA and regulatory (CD4+CD25+) T cells, increased levels of high sensitivity 
(hs)-CRP, IL-10 and procalcitonin

• SARS-CoV-2 infection also causes chilblains, also known as ‘COVID toes It
probably results from vascular damage and necrosis of SARS-CoV-2-infected 
endothelial cells resulting in ischemia.

• In summary, children with COVID-19 tend to have an appropriate early innate 
and humoral immune response to HCoV infections to clear the virus, 
followed by a less intense late immune response in majority



Treatment of pediatric COVID-19

• Treatment of COVID-19 is largely supportive

• Supportive therapy includes maintenance of adequate hydration, 
appropriate calorie intake and psychosocial support. For fever, 
paracetamol is recommended.

• patients having severe symptoms require hospitalization and intensive 
care

• these patients are usually put on broad-spectrum antimicrobials and 
antivirals (e.g., remdesivir and lopinavir/ritonavir)

• Few patients with severe COVID-19 disease and ARDS may require 
immunomodulatory therapies for the putative hyper-infammatory state. 
These therapies include corticosteroids and biologics such as tocilizumab 
and anakinra.



clinical features of multisystem infammatory
syndrome in children (MIS-C)

• the features that are common to all include the presence of fever, hyper-
inflammatory state and organ dysfunction

• Fever , cutaneous manifestations, abdominal symptoms and 
cardiovascular collapse.

• typically, this entity is seen in older children (>5 years) and median age of 
patients in various studies has ranged from 7.5 to 10 years

• Gastrointestinal manifestations are very common and include abdominal 
pain, diarrhea and vomiting

• Neurological features (e.g., headache, meningeal signs and altered 
sensorium)



A large experience from the United Kingdom (UK) [42].
They reported 58 patients with PIMS-TS and identified three 

different types of clinical presentations

• Pediatric inflammatory multisystem syndrome temporally associated 
with SARS-CoV-2

• I. Persistent fever and elevated inflammatory markers:

• • These patients did not have features of organ dysfunction, KD or toxic 
shock syndrome (TSS)

• II. Fever along with cardiovascular collapse and elevated cardiac 
biomarkers:

• • These patients had predominant cardiac manifestations including left 
ventricular dysfunction and arrhythmias 

• • Cardiac troponin and pro-BNP were significantly elevated in these 
patients

• III. Patients presenting as KD or KD shock syndrome (KDSS):

• • These patients fulfilled the American Heart Association diagnostic 
criteria for KD



cardiovascular complications

• The most prominent manifestations in patients with MIS-C

• Cardiac biomarkers including NT-pro-BNP and troponin levels are 
extremely high compared to historical KD cohorts and indicate heart 
failure and myocardial damage in MIS-C

• Symptomatic myocarditis in 40–80% of patients with MIS-C and is seen in 
less than 5% of patients with KD

• Coronary artery abnormalities (CAAs) have been reported in 9–24% of 
patients with MIS-C 

• CAAs are in form of dilatation or small-sized aneurysms in most patients.

• Pericarditis, pericardial efusion and valvular regurgitation have also been 
reported

• Electrocardiographic abnormalities include prolonged PR interval, T wave 
and ST segment changes.



Diferential diagnosis

• Diagnosis of MIS-C should be considered in children 
presenting with unexplained high-grade fever lasting 
more than 4 days

• These have been highlighted in Table3







Laboratory features
• complete blood counts, liver function tests, renal functions tests, and an assay 

of inflammatory markers

• MAS should be considered whenever there is rapid clinical deterioration 

• Majority of patients with MIS-C appear to have a hyper-inflammatory state 
that manifests as neutrophilic leukocytosis, raised erythrocyte sedimentation 
rates, hyponatremia, hypertriglyceridemia, elevated levels of CRP, 
procalcitonin, d-dimer and serum ferritin

• Patients with MIS-C usually have lower platelet counts and higher ferritin 
levels as compared to patients with KD.

• lymphopenia has been noted in patients with MIS-C, neutrophilic leukocytosis 
is the norm in KD

• one-third of patients who were negative on both tests (RT-PCR or serology)

• That patients with MIS-C had higher levels of IgG SARSCoV-2 receptor-binding 
domain.

• Both NT-pro-BNP and cardiac troponin levels are extremely high in patients 
with MIS-C compared to KD

• 2D-echocardiography should be carried out for identification of myocarditis, 
pericarditis, valvular abnormalities and CAAs



Treatment
• Treatment regimens have been extrapolated from guidelines 

for management of patients with KD

• intravenous immunoglobulin (IVIg) and/or high-dose 
corticosteroids as first-line therapy in these patients

• .Approximately 30–80% patients do not respond to IVIg alone

• Classic KD where IVIg resistance has been seen in less than 
15% patients

• Intravenous pulse methylprednisolone (10–30 mg/kg/day for 
3–7 days followed by gradual tapering of oral prednisolone) 
has been found to be useful

• second dose of IVIg, anakinra, tocilizumab and infliximab



Complications and outcome
• MIS-C have been reported to have propensity for multisystem 

involvement ,myocarditis, MAS and renal impairment

• MIS-C is a hyper-inflammatory state and can progress to 
MAS/cytokine storm syndrome 

• Higher age, and a serum ferritin>1400 µg/L were the best 
discriminators for severe disease

• Myocarditis can evolve rapidly and needs to be identified 
early(i.e., IVIg and high-dose corticosteroids). Follow-up 
echocardiography at 6 weeks was normal

• CAAs of MIS-C are usually in the form of ectasia or small 
dilatations

• Mortality rate of MIS-C was 2% and lower compared to adults



Kawasaki disease (KD), MIS-C and COV-HI in adults 
and pediatric COVID-19

• KD and HCoV
• Approximately 9% of patients with KD have recent history of respiratory 

infections (usually rhinovirus, adenovirus and influenza).

• Interval between onset of respiratory syndrome and development of KD is 
approximately 2 weeks

• These patients often has incomplete KD and is associated with high 
frequency of coronary aneurysms

• patients with KD and influenza co-infection longer duration of fever and 
delays in diagnosis



Immunological alterations in MIS-C, a severe 
pediatric COVID-19 disease

• SARS-CoV-2 associated MIS-C usually appears a few 
weeks after onset of infection(36–45 days).

• Higher number of mucosal homing T cells and higher 
expression of IL-17 were also seen in pediatric COVID19 
with MIS-C 

• Cytokine profile showed that levels of IL-10 and TNF-α 
were higher in MIS-C compared to severe COVID-19 
without MIS-C 

• MIS-C may be a post-infectious, immunologically 
mediated sequel of COVID-19



Similarities between MIS-C and KD

• Both have significant cytokine storm that results in 
systemic inflammation(myocarditis)

• Both have small and medium vessel vasculitis (diarrhea 
and abdominal pain)

• Both have autoantibodies (Target antigens in mucosal and 
cardiac tissues)

• Autoantibodies or antibodies to SARS-CoV-2 may be 
contributing to disease pathogenesis in MIS-C and KD 



Differences between MIS-C and COV-HI 
in adults

• Hyperinflammation-induced cytokine storm in covid-HI patients 
predominantly involves the lungs resulting in ARDS, whereas MIS-C 
is a multiorgan cytokine storm that usually spares the lungs

• COV-HI when patients with COVID-19 have CRP values>150 mg/L or 
when serum ferritin level is>1500 µg/L

• Objective criteria for COV-HI based on fever, hematological 
dysfunction, macrophage activation, liver involvement, coagulation 
abnormalities and hypercytokinemia

• MSI-A is predominant involvement of cardiovascular and 
gastrointestinal systems

• LB test in MSI-A include elevated inflammatory parameters (e.g., 
CRP and ferritin), raised d-dimer levels and lymphocytopenia



Serological findings in MIS-C, KD 
and severe COVID-19

• Approximately 70% of children with MIS-C have a positive 
antibody response against SARS-CoV-2. The RT-PCR test is 
positive in up to 60%

• The reasons for low positivity rate of RT-PCR in patients 
with MIS-C :

• 1. Interval between SARS-CoV-2 exposure and 
development of MIS-C varies from 2 to 4 weeks (post-
infectious inflammatory syndrome).

• 2. Positivity rate of serology is reportedly higher than that 
of RT-PCR amongst those tested ( 10.7% versos 1.8 % )



Conclusion

• MIS-C is a hyper-inflammatory syndrome affecting 
multiple organs and is triggered by SARS-CoV-2 
infection.

• It is usually seen 2–4 weeks following infection.

• Adaptive immune mechanisms have a major role to 
play in pathogenesis of this condition. 

• Although clinical manifestations of MIS-C and KD may 
be overlapping, these appear to be two distinct clinical 

entities.




