
Introduction
The pandemic of Severe Acute Respiratory Syndrome Co-
ronavirus 2 (SARS-CoV-2) causing COVID-19, has rapidly 
spread worldwide, which can affect individuals of all ages 
in most of the country in the world1. Epidemiological data 
from many countries reflected that children are a small por-
tion of those who are affected. According to UNICEF re-
port, about 12 million children and adolescents are affected 
by COVID-19 which is 13% of total infected cases in 100 
countries from January 2020 to present2. In the United 
States children represented 14.2% of total cumulated COV-
ID-19 cases, as of June 17,2021 according to American 
Academy of Pediatrics. COVID-19 was generally described 
as relatively asymptomatic or mild in children than adult 
and causing few pediatric hospitalizations, rare severe ill-
ness and minimal mortality3. Though the greater number of
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infected children appear to be saved from severe illness, a 
rare pediatric syndrome called Multisystem Inflammatory Syn-
drome in Children (MIS-C) is believed to be associated with 
prior SARS-CoV-2 infection and presents a new challenge in 
this ongoing health crisis. Several countries affected by the 
COVID-19 pandemic recently documented cases of children 
hospitalized in the intensive care unit due to an unusual 
Paediatric Multisystem Inflammatory Syndrome (PMIS). 

The number of patients meeting the case definition for MIS-C 
in the United States is 3,742 and total MIS-C deaths meeting 
case definition is35, reported to CDC as of May 3, 20214.

In April of 2020, the United Kingdom reported a presenta-
tion in children similar to incomplete Kawasaki Disease 
(KD) or toxic shock syndrome. Since then, there have been 
documents of similar type of affected children in other parts 
of the world. The syndrome has been termed Multisystem 
Inflammatory Syndrome in Children (MIS-C) also referred 
to as Pediatric Multisystem Inflammatory Syndrome (PMIS) 
pediatric inflammatory multisystem syndrome temporally 
associated with SARS-CoV-2 (PIMS-TS) pediatric hyperin-
flammatory syndrome5.

MIS-C  is a systemic inflammation, involving persistent fe-
ver, inflammation and organ dysfunction, which may be 
temporarily  associated with exposure to COVID-196. On-
set may be delayed or current with ongoing SARS-CoV-2 
infection. It may occur several weeks after the initial infec-
tion7. It was noticed that arapid rise of this inflammatory 
syndrome after the COVID- 19 curves has plateaued in the 
pandemic region.
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ABSTRACT
Background : Although COVID-19 causing rare severe illness and minimal mortality in children, a rare pediatric syndrome 
called Multisystem Inflammatory Syndrome in Children (MIS-C) associated with SARS-CoV-2 infection has evolved with 
potentially severe outcomes. MIS-C presents potentially life-threatening medical sequelae due to lack of information 
regarding its etiology, pathophysiology and long-term outcomes. In this article, we aimed to describe the epidemiology, 
pathophysiology, case definition, diagnosis and treatment of   MIS-C cases. 

Methodology : A literature search was done using PubMed and Medline data bases. We used the termsCOVID-19 in 
children, MIS-C and PMISto identify publications since December 2019 that address the epidemiology, pathophysiology, case 
definition or clinical features and lab parameters of MIS-C in children. Most of the publications were case reports, case series, 
original articles or literature reviews. Publications, from China, Italy, UK and the United States, describe multisystem 
inflammatory symptoms in children associated with COVID-19. 

Conclusion : Current knowledge on MIS-C is discussed and the potential significance of this syndrome are reviewed from a 
public health aspect. The severity of MIS-C demands the need for increased awareness and continued COVID-19 remission 
efforts. Particularlyidentification of potential predisposing factors for MIS-C through extensive research and long-term follow-
up of complications are vital.

Key words: COVID-19; Multisystem Inflammatory Syndrome in Children (MIS-C); Pediatric Multisystem Inflammatory 
Syndrome (PMIS); SARS-CoV-2.



At present, while clinicians initially faced challenges identi-
fying MIS-C, it is crucial to shape up the clinical, epidemio-
logical characterization, the diagnostic criteria and treat-
ment outline of this inflammatory syndrome related to COV-
ID-19 in children. Hence, we performed a review to de-
scribe evidence-based approach to the clinical and labora-
tory characteristics of patients of MIS-C and to manage 
such patients.

Search Strategy
Available studies and abstracts were identified through 
Pubmed, Medline data bases (2020-2021) and Cochrane 
data bases. Key search topic were "An Overview on Multi-
system Inflammatory Syndrome in Children Associated with 
COVID 19: A Rare but Alarming Paediatric Syndrome" and 
relevant articles.The reference list of overview articles was 
also searched. The search term following key words used 
in various combinations: COVID-19, MIS-C, PMIS, SARS-
CoV-2.

Discussion

Epidemiology:
MIS-C appears to be a relatively rare complication of COV-
ID19 in children and 70 percent of affected children were 
previously healthy. Obesity and asthma were the most 
common comorbidities and the median age was 8 to 11 
years (Range 1 to 20 years)5. There has been no clear sex 
bias noticed in MIS-C patients. The fatality rate of MISC 
has been approximated at 1–2%8.
Cases of MIS-C appear to vary by race and ethnicity, with 
Black and Hispanic children were found a disproportionally 
higher in number and Asian children accounting for a small 
in number. In most studies, there was a gap of several 
weeks between the peak of COVID-19 cases within com-
munities and the rise of MIS-C cases. This three- to four-
week gap coincides with the timing of acquired immunity 
and suggests that MIS-C may show a post-infectious com-
plication of the virus rather than acute infection5. Environ-
mental factors may add to the geographic distribution of 
MIS-C, but social determinants of health discrepancy also 
put particular ethnic minority populations at higher risk of 
SARS-CoV-2 exposure and associated disease. The contri-
butions of viral, host genetic, and other biological factors to 
this higher risk remain uncertain. It has been recommend-
ed that viral factors have contributed to geographic differ-
ences in the incidence of MIS-C8.

Pathophysiology
The pathophysiology of MIS-C is not well known5. SARS-
CoV-2 could have one of various roles, directly or indirectly, 
it could be a triggering factor for the conditinon9. Another 
suggested that the syndrome results from an abnormal im-
mune response to the virus, with some clinical similarities 
to Kawasaki Disease (KD) macrophage activation syn-
drome (MAS) and cytokine release syndrome5.
 It suggests that Kawasaki-like disease mechanism repre-
sents post-infectious inflammatory syndrome, which might
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be antibody or immune-complex mediated5,10,11. It is hy-
pothesized that an acquired immune response to COVID 
19 activates an inflammatory process in genetically vulner-
able children. Another possible mechanism is antibody-de-
pendent enhancement, whereby the development of anti-
bodies promotes viral entry into host cells12. It has also 
been recommended that the cytokine storms induced by 
COVID-19 may cause the condition. The characteristic abil-
ity of coronaviruses to block type I and type III interferon re-
sponses might help to explain a delayed cytokine storm in 
children whose immune systems compete to control SARS-
CoV-2 viral replication, or are devastated by a high initial vi-
ral load13.

Another study suggests that patients with severe MIS-C 
have persistent Immunoglobulin G (IgG) antibodies with in-
creased   ability to activate monocytes, persistent cytope-
nias (Particularly T cell lymphopenia) and higher activation 
of CD8+ T cells that differ from findings in acute COVID-19 
infection. The acceptance of these findings is limited due to 
the small number of patients in these studies. Realizing the 
mechanisms of the exaggerated immune response in MIS-
C requires active investigation5.

Mechanisms of myocardial injury – The mechanisms of my-
ocardial injury in MIS-C are not well established. In various 
clinical presentation, it is likely that different mechanisms 
are liable in different patients. Probable etiologies include 
systemic inflammation injury, acute viral myocarditis, hypo-
xia, stress cardiomyopathy and rarely, ischemia caused by 
Coronary Artery (CA) involvement. Cardiac dysfunction 
may be due to a combination of these mechanisms in some 
patients5.

The frequent gastrointestinal presentation, along with mes-
enteric lymph node inflammation, recommends dominant 
replication in the gastrointestinal tract by a virus with a 
known propensity for enterocytes14. Linkage of Kawasaki-
like disease with COVID-19 could support that SARS-CoV-
2 can cause systemic vasculitis by aiming endothelial tis-
sue via Angiotensin-Converting Enzyme 2 (ACE2) recep-
tor15.  A leading explanation for the pathogenesis of KD also 
involves a hyperinflammatory response to viral infection in 
some genetically susceptible children, and that SARS-CoV-
2 is now included in the list of suspected viral triggers16.

Case Definition
The criteria used for case definition vary slightly between 
different health organizations6,12,17,18. The Centers for Dis-
ease Control and Prevention (CDC) case definition requires 
that the child have severe symptoms requiring hospitaliza-
tion, whereas the World Health Organization (WHO) case 
does not. An advantage of the WHO definition is that it pro-
vides more detail regarding clinical signs of multisystem in-
volvement.



Table I : Case definitions for emerging inflammatory condition during COVID-19 pandemic from the World Health Organiza-
tion, Royal College of Paediatrics and Child Health and Centers for Disease Control and Prevention

World Health Organization (WHO)17

Children and adolescents 

0-19 y of age with fever >3 d 

AND 2 of the following:

i) Rash or bilateral nonpurulent con-
junctivitis or mucocutaneous inflamma-
tion signs (Oral, hands, or feet).

ii) Hypotension or shock.

iii) Features of myocardial dysfunction, 
pericarditis, valvulitis, or coronary ab-
normalities (Including ECHO findings 
or elevated troponin/NT-proBNP).

iv) Evidence of coagulopathy (By PT, 
APTT, elevated D-dimers).

AND

Elevated markers of inflammation such 
as ESR, CRP, orprocalcitonin.

AND

No other obvious microbial cause of in-
flammation, including bacterial sepsis, 
staphylococcal or streptococcal shock 
syndromes.

AND

Evidence of COVID-19 (RT-PCR, anti-
gen test, or serology positive) or likely 
contact with patients with COVID-19.

Consider this syndrome in children 
with featuresof typical or atypical Ka-
wasaki disease or toxic shock syn-
drome.

Centers for Disease Control and 
Prevention (CDC)18

-An individual aged <21 years present-
ing with fever*, laboratory evidence of 
inflammation** and evidence of clini-
cally severe illness requiring hospitali-
zation, with multisystem (>2) organ in-
volvement (Cardiac, kidney, respirato-
ry, hematologic, gastrointestinal, der-
matologic or neurological) AND

-No alternative plausible diagnoses 
AND

-Positive for current or recent SARS-
CoV-2 infection by RT-PCR, serology 
or antigen test; or COVID-19 exposure 
within the 4 weeks prior to the onset of 
symptoms.

*Fever >38.0°C for ≥ 24 hours, or re-
port of subjective fever lasting  ≥ 24 
hours

**Including, but not limited to, one or 
more of the following: an elevated C-
Reactive protein (CRP), Erythrocyte 
Sedimentation Rate (ESR), fibrinogen, 
procalcitonin, d-dimer, ferritin, Lactic 
Acid Fehydrogenase (LDH) or interleu-
kin 6 (IL-6), elevated neutrophils, re-
duced lymphocytes and low albumin.

Additional comments

-Some individuals may fulfill full or par-
tial criteria for Kawasaki disease but 
should be reported if they meet the 
case definition for MIS-C.

-Consider MIS-C in any pediatric 
deathwith evidence of SARS-CoV-2 in-
fection.

Royal College of Paediatrics and 
Child Health (RPCH)6

i) Child presenting with persistent fe-
ver, inflammation (Neutrophilia, elevat-
ed CRP and lymphopenia) and evi-
dence of single or multiorgandysfunc-
tion (Shock, cardiac, respiratory, kid-
ney, gastrointestinal or neurological 
disorder).

This may include children fulfilling full 
or partial criteria for Kawasaki disease.

ii) Exclusion of any other microbial 
cause, including bacterial sepsis, 
staphylococcal or streptococcal shock 
syndromes, infections associated with 
myocarditis such as enterovirus.

iii) SARS-CoV-2 PCR test results may 
be positive or negative.
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Table II: Clinical and laboratory features6

Clinical

All:
l Persistent fever >38.5°C

Most:
l Oxygen requirement
l Hypotension

Some:
l Abdominal pain 
l Confusion
l Conjunctivitis 
l Cough
l Diarrhoea
l Headache
l Lymphadenopathy
l Mucus membrane changes
l Neck swelling
l Rash
l Respiratory symptoms
l Sore throat
l Swollen hands and feet
l Syncope
l Vomiting.

Laboratory

All:
l Abnormal Fibrinogen
l Absence of potential causative 
organisms (Other than SARS-CoV-2). 
l High CRP 
l High D-Dimers
l High ferritin 
l Hypoalbuminaemia
l Lymphopenia
l Neutrophilia in most – normal 
neutrophils in some 

Some:
l Acute kidney injury
l Anaemia
l Coagulopathy
l High IL-10 (If available)*
l High IL-6 (If available)*
l Neutrophilia
l Proteinuria 
l Raised CK 
l Raised LDH
l Raised triglycerides 
l Raised troponin 
l Thrombocytopenia
l Transaminitis

*These assays are not widely available. CRP can be 
used as a surrogate marker for IL-6.

REVIEW ARTICLE
Journal of Army Medical College Chattogram

Volume 3  Issue 2 December 2020; 33-38

36

Imaging and ECG

l  Echo and ECG – myocarditis, 

	 valvulitis, pericardial effusion, 

	 coronary artery dilatation

l  	CXR – Patchy symmetrical infiltrates, 

	 pleural effusion.

l  	Abdominal USG– colitis, ileitis, lymphadenopathy, as-
cites, hepatosplenomegaly.

l  	CT chest – as for CXR – may demonstrate coronary ar-
tery abnormalities if with contrast.

Differential Diagnosis
Children present with signs and symptoms consistent with 
MIS-C, the differential diagnosis is vast and includes other 
infectious and inflammatory conditions:

i)	 Bacterial Sepsis: In children who present with fever, 
shock and elevated inflammatory markers, sepsis is an im-
portant consideration. Certain clinical presentations like 
cardiac involvement differentiate MIS-C from bacterial sep-
sis6,12.

ii)	 Kawsaki Disease (KD): Some children along the 
PMIS/MIS-C spectrum fulfill the criteria for complete or in-
complete KD. However, there appear to be some key differ-
ences:

a)	MIS-C appears to affect older children and adolescents, 
whereas classic KD typically affects infants and young 
children usually less than 5 years.  

b)	Gastrointestinal symptoms (Particularly abdominal pain) 
are very common in MIS-C whereas these symptoms 
are less common in classic KD. 

c)	Moreover, myocardial dysfunction and shock occur more 
commonly in MIS-C compared with classic KD.

d)	Inflammatory markers likely to be more raised in MIS-C 
than KD19.

iii)	 Toxic Shock Syndrome: Staphylococcal and strepto-
coccal toxic shock syndromes poses many similarities with 
MIS-C. Microbiologic tests (SARS-CoV-2 testing, bacterial 
cultures) are essential to make the distinction. 6,12

iv)	Other Viral infections:  Presentation with multisystem 
involvement and/or myocarditis include Epstein-Barr virus, 
cytomegalovirus, adenovirus, and enteroviruses. Serology 
and PCR testing can differentiate these from COVID-19-re-
lated MIS-C7.

Treatment:

Children with moderate to severe signs and symptoms 
should get admission to the hospital.  Hemodynamic insta-
bility (Shock, arrhythmia) significant respiratory compro-
mise, neurologic deficit or other potentially life-threatening 
complications are the criteria for admission in the pediatric 
intensive care unit20.



MIS-C is a multisystem disease, and care for affected chil-
dren requires multidisciplinary approach. This may include: 

l  Pediatric infectious disease specialists 

l  Pediatric rheumatologists 

l  Pediatric cardiologists 

l  Pediatric intensivists 

l  Pediatric hematologists

Antibiotic Therapy: MIS-C can present with signs and 
symptoms that resemble sepsis and toxic shock syndrome. 
Thus, patients should get prompt empiric broad-spectrum 
antibiotic therapy. An appropriate empiric regimen consists 
of ceftriaxone plus vancomycin and Ceftaroline plus pipera-
cillin-tazobactam is an alternative regimen. Clindamycin -
can be added if there are features consistent with toxin-
mediated illness21.

Antiviral Therapy: Use of antiviral agents is generally lim-
ited to children with severe MIS-C manifestations with evi-
dence of active infection21.

Shock: Children presenting with shock must be resuscitat-
ed according to standard protocols. Epinephrine or norepi-
nephrine are the preferred vasoactive agents for the fluid-
refractory shock. In children presenting with severe ventric-
ular dysfunction, the addition of milrinone can be helpful21.

Features of Kawasaki Disease:  Patients who meet crite-
ria for KD should receive IVIG and aspirin. Glucocorticoids 
may also be considered in patients with KD who have per-
sistent signs of inflammation or Coronary Artery (CA) dila-
tion and myocarditis21.

Myocardial Dysfunction: Management concentrate on 
supportive care to maintain hemodynamic stability and en-
sure adequate systemic perfusion. IVIG is often used in se-
vere cases when the clinical picture is consistent with myo-
carditis. Patients with significant ventricular dysfunction are 
managed with intravenous diuretics and inotropic agents, 
such as milrinone, dopamine, and dobutamine. Extracor-
poreal Membrane Oxygenation (ECMO) or a ventricular as-
sist device may be necessary, in cases of fulminant dis-
ease.21

Thrombotic Complications: Patients with MIS-C are at a 
higher risk of experiencing thrombotic complications. All pa-
tients who meet the criteria for KD should receive antith-
rombotic therapy, including low-dose aspirin (3 to 5 mg/kg 
daily). Therapeutic anticoagulation (Typically with Low Mo-
lecular Weight Heparin [LMWH] must be given to patients 
with current or prior VTE. Therapeutic anticoagulation is 
advised for patients with severe LV dysfunction, if the pa-
tient is not at increased risk of bleeding. Therapeutic anti-
coagulation in addition to aspirin, should be advised inpa-
tients with giant CA aneurysms.21
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Adjunctive Immune-Modifying Therapies: The benefits 
and risks of adjunctive therapies (Glucocorticoids, interleu-
kin-1 inhibitors [eg, Anakinra, canakinumab] IL-6 inhibitors 
[eg, Tocilizumab]) are uncertain.  According to disease se-
verity and markers of inflammation, use of the adjunctive 
therapies depends on case-by-case basis). For patients 
with cytokine release syndrome in addition of KD glucocor-
ticoids can be considered. Anakinra, canakinumab, and to-
cilizumab might be the alternative options for treatment of 
CRS in patients who cannot receive glucocorticoids and 
those who are refractory to glucocorticoids6.11,19,21.

Conclusion
The global outbreak of MIS-C is a challenge associated 
with the COVID-19 pandemic. A similar outbreak in chil-
dren, affected by COVID 19 pandemic is expected in Ban-
gladesh. Children with COVID-19 associated MIS-C can 
deteriorate quickly, so increased index of suspicion fol-
lowed by prompt admission to hospital for specialist atten-
tion is necessary.

Recomendation
The prognosis MIS-C is uncertain, so further epidemiologi-
cal, immunological, clinical and genetic research is needed, 
as well as long-term follow-up studies of MIS-C patients.
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