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Clinical	Spectrum	of	COVID-19	in	Children	



MIS-C	

•  	Post	COVID-19	
inflamma$on	

•  	Delayed	hyperinflamma$on	
associated	with	COVID-19	

•  Other	names:	
–  PIM-TS:	Pediatric	Inflammatory	

Mul$system	Syndrome	temporally	
associated	with	SARS-CoV-2		

–  PCAID:	Pediatric	COVID-19	Associated	
Inflammatory	Disorder	



Increasing observations of an inflammatory illness 
occurring in children; most reports were 4–6 weeks 

after the peak of COVID-19 infections. 

 

Jiang	Li,	et	all.	COVID-19	and	mul$system	inflammatory	syndrome	in	children	and	adolescents.	Lancet	Infect	Dis	2020;	20:	276-88.	

Multisystem inflammatory disease temporally associated 
with SARS-CoV-2 infection  

A post-infectious process is 
suggested, based on the 
timing of the rise of these 
cases relative to the peak 

of COVID-19 cases in 
communities 

“Kawashocky”, “Coronasacki”, 
hyperinflammatory shock in children with 

COVID-19, Pediatric COVID-19  
Associated Inflammatory Disorder (PCAID), 

Pediatric Multisystem Inflammatory 
Syndrome (PMIS) and Multisystem 

Inflammatory  
Syndrome in Children (MIS-C).  
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lower in the US [35] . Proposed mechanisms include a stronger in- 
nate immune response compared to adults, and higher angiotensin 
converting enzyme (ACE)-2 expression which reduces the presence 
of angiotensin-2, known to correlate with COVID-19 viral load and 
clinical course [36,37] . 

In a cross-sectional study of North American pediatric inten- 
sive care units (PICUs), between March and April 2020, 48 chil- 
dren were admitted to 14 PICUs in the US [38] . 73% presented 
with respiratory symptoms, and 38% required invasive ventila- 
tion. At our institution, which covers the District of Columbia 
(DC) metropolitan region (DC, Maryland, and Virginia), we have 
observed a steady increase of severe acute respiratory syndrome 
coronavirus-2 (SARS-CoV-2) circulation in the 6 weeks since March 
15, 2020 [39] . In our cohort, there was an association between 
other underlying comorbidities and hospitalization. 
First report and case definitions for MIS-C 

The “stay-at-home” self-quarantine orders, a necessity for con- 
trolling the COVID-19 pandemic, initially raised concern amongst 
pediatric cardiologists that the reduced contact with health care 
providers and over-emphasis of COVID-19 by Bayesian thinking 
would potentially lead to under recognition of KD [11] . A concern- 
ing surge in presence of CAAs was somewhat anticipated, although 
there was also speculation that social distancing would reduce ex- 
posure of plausible trigger agents for KD. 

Thus, it was of great surprise to observe reports of pediatric 
patients treated for both COVID-19 and KD-like illness ( Figure 2 ) 
[40] . The first case report was published in early April 2020 [41] , 
but the first major call to attention was on April 26, 2020 when 
National Health Service in the United Kingdom (NHS UK) issued 
an alert to highlight a rise in cases of critically ill children with 
overlapping features of toxic shock syndrome, atypical KD and se- 
vere COVID-19 infection [42] . This was subsequently highlighted by 
Royal College of Paediatrics and Child Health (RCPCH), US Centers 

for Disease Control and Prevention (CDC) and the World Health Or- 
ganization (WHO) [43–45] . Case definitions from all three institu- 
tions are listed in Table 1 , but none is neither specific nor evidence 
based. There have been multiple descriptions and names, including 
Pediatric Multisystem Inflammatory Syndrome (PMIS) and MIS-C. 
For consistency we will use the US CDC’s definition “MIS-C”. 
MIS-C clinical data 

To date, the clinical data related to MIS-C are mainly collected 
from COVID-19 epicenters in Europe and the US. Multiple case 
series have been published in eastern US, Italy, UK and France 
[3,4,46–52] . The respective findings from several case series (with 
the largest representation for each region; combined for the US) 
are summarized in Table 2 and Table 3 . As of 6/16/2020, at least 
130 patients have been reported in publications. The New York 
State Department of Health also identified 211 patients with simi- 
lar presentations [53] . 

Symptoms included fever with variable degree of respiratory 
symptoms and chest X-ray findings. 70% of patients had abdomi- 
nal pain/diarrhea as presenting symptom. Regarding COVID-19 ex- 
posure, 74% had positive antibody test and 32% had positive PCR 
test. Most of the affected children received IVIG (75%), with 57% 
requiring vasoactive support and 13 patients (10%) requiring veno- 
arterial extracorporeal membrane oxygenation (VA-ECMO) as part 
of mechanical circulatory assistance. In France, all patients were 
weaned off VA-ECMO. There was one death reported in the UK 
(secondary to cerebral ischemic infarction). None of the US case se- 
ries reported any deaths, however 2 deaths were reported by the 
New York State Department of Health [49,53] . 

The overall MIS-C presentation appears to overlap KD with no- 
ticeable differences. A significant portion of patients had findings 
consistent with KD including rash, conjunctivitis, lymphadenopa- 
thy, extremity edema and fissured lips. 56% had evidence of de- 
creased LV function by echocardiography. Cardiac magnetic res- 

Fig. 2. Timeline of Kawasaki Disease Through the COVID-19 Pandemic. 
CDC: Centers for Disease Control and Prevention, KD: Kawasaki disease, RCPCH: Royal College of Paediatrics and Child Health, UK: United Kingdom, WHO: World health 
organization. Modified from The Journal of Pediatrics, Vol /edition number 224 , Harahsheh A, Dahdah N, Newburger J, Portman M, Tulloh R, McCrindle B, Cimaz R, Burns J, 
The COVID-19 Pandemic, From Worrying About Missed or Delayed Diagnosis of Kawasaki Disease to the Flood of Multisystem Inflammatory Syndrome in Children (MIS-C) 
(Reply), Pages No. pending, Copyright (2020), with permission from Elsevier 

Timeline of MIS-C 
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ACE2=angiotensin-converting enzyme 2. DAG=diacylglycerol. FcγR=Fc-gamma receptor. IL=interleukin. MCP=monocyte chemoattractant protein. 	
MIS-C=multisystem inflammatory syndrome in children. MIP=macrophage inflammatory protein. PIK3=phosphoinositide 3 kinase. PKC=protein kinase C. PLCγ=phospholipase C gamma. 	
SARS-CoV-2=severe acute respiratory syndrome coronavirus 2. SYK=tyrosine protein kinase SYK. TMPRSS2=transmembrane serine protease 2. TNF=tumour necrosis factor.	



Pathophysiology of MIS-C
in the literature

SARS-CoV-2 
infection

Stimulation of 
T-helper cells

Postulated 
mechanism

Macrophage 
activation

Cytokine release

Immune dysregulation

Stimulates T-helper 
cells

Activation of 
B-cells and 

plasma cells

The hyperinflammation occurring in MIS-C is 
different to that found in severe acute COVID-19!
• Different cytokines involved:
• IL-17 more often seen in severe acute COVID-

19 à pertaining to T-cell regulation and
leukocyte count

• IL-8 more often seen in MIS-C à pertaining 
to lymphopenia

• IL-6 also more commonly observed in MIS-C
à leading to antibody-mediated cytokine
storm

Nakra NA, Blumberg DA, Herrera-Guerra A, Lakshminrusimha S. Multi-system inflammatory syndrome (MISC) following SARS-CoV-2 infection: review of clinical presentation, hypothetical pathogenesis, and proposed management. Children (Basel). 
2020;7:69.
Consiglio CR, Cotugno N, Sardh F, Pou C, Amodio D, Rodriguez L, et al. The immunology of multisystem inflammatory syndrome in children with COVID-19. Cell. 2020;183:968–81.
Bordet J, Perrier S, Olexa C, Gerrout AC, Billaud P, Bonnemains L. Pediatric multisystem inflammatory syndrome associated with COVID-19: filling the gap between myocarditis and Kawasaki? Eur J Pediatr. 2021;180:877–84.
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In Brief
A systems immunology approach

describes how multisystem inflammatory

syndrome in children (MIS-C) is distinct

from Kawasaki disease as well as the

cytokine storm associated with severe

COVID-19 in terms of its molecular and

immune profiles.
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Highlights		
•  Hyperinflamma$on	in	MIS-C	differs	from	that	of	acute	
COVID-19		

•  T	cell	subsets	discriminate	Kawasaki	disease	pa$ents	from	MIS-
C		

•  IL-17A	drives	Kawasaki	but	not	MIS-C	hyperinflamma$on		
•  Global	profiling	reveals	candidate	autoan$bodies	with	
pathogenic	poten$al		
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children are used depending on the country and region. 
An internationally accepted case definition for MIS-C is 
still evolving. The UK has used PIMS-TS as their pre-
liminary case definition for this disease, with criteria that 
include clinical manifestations (eg, persistent infla-
mmation), organ dysfunction, SARS-CoV-2 PCR testing, 
which might be positive or negative, and exclusion of any 
other microbial cause.9,39 The US CDC case definition is 
based on clinical presentation, evidence of severe illness 
and multisystem (two or more) organ involvement, no 
plausible alternative diagnoses, and a positive test for 
current or recent SARS-CoV-2 infection or COVID-19 
exposure within 4 weeks before the onset of symptoms.37 
WHO has developed a similar preliminary case definition 
and a case report form for multisystem inflammatory 
disorder in children and adolescents. This case definition 
for MIS-C includes clinical presentation, elevated markers 
of inflammation, evidence of infection or contact with 
patients who have COVID-19, and exclusion of other 
obvious microbial causes of inflammation (table 1).6

Cases reported in the past 3 months, which met the 
current diagnostic criteria, most likely re present a small 
proportion of MIS-C cases, and those individuals were 
severely affected by the illness. A broader UK definition 
of MIS-C describes this illness as a spectrum ranging 
from persistent fever and inflammation, to characteristic 
features of Kawasaki disease in children, and to children 
who are severely ill with shock and multiple organ 
failure.39,40 In the study by Dufort and colleagues,21 a third 
of the reported cases did not meet the US CDC case 
definition for MIS-C but presented with similar clinical 
and laboratory features to those seen in confirmed cases.

Despite overlap in clinical presentation, the initially 
speculated relationship between MIS-C and toxic shock 
syndrome seems implausible because most MIS-C cases 
had negative blood cultures (appendix 6 pp 3–4); thus, 
there is no evidence that staphylococcal or streptococcal 
toxins are involved in the cause of MIS-C. However, studies 
to exclude infection with superantigen-producing orga-
nisms are scarce. Overlap has also been observed between 

MIS-C associated with 
COVID-19

PIMS-TS MIS-C associated with 
COVID-19

Complete Kawasaki 
disease

Incomplete Kawasaki 
disease

Kawasaki disease shock 
syndrome

Organisation 
or publication

WHO6 Royal College of Pediatrics 
and Child Health39

US Centers for Disease 
Control and Prevention37

American Heart 
Association40

American Heart 
Association40

Kanegaye et al,41

Age 0–19 years Child (age not specified) <21 years Child (age not specified) Child (age not specified) Child (age not specified)

Inflammation Fever and elevated 
inflammatory markers for 
3 days or more

Fever and elevated 
inflammatory markers

Fever and elevated 
inflammatory markers

Fever lasting 5 days or 
more*

Fever lasting 5 days or 
more*

Fever

Main features Two of the following: 
(A) rash or bilateral 
non-purulent conjunctivitis 
or mucocutaneous 
inflammation signs 
(oral, hands, or feet); 
(B) hypotension or shock; 
(C) features of myocardial 
dysfunction, pericarditis, 
valvulitis, or coronary 
abnormalities (including 
echocardiogram findings or 
elevated troponin or 
N-terminal pro B-type 
natriuretic peptide); 
(D) evidence of coagulopathy 
(elevated prothrombin time, 
partial thromboplastin time, 
and elevated D-dimers); and 
(E) acute gastrointestinal 
problems (diarrhoea, 
vomiting, or abdominal pain)

Single or multiple organ 
dysfunction (shock or 
respiratory, renal, 
gastrointestinal, or 
neurological disorder; 
additional features 
(appendix 6 pp 3–4)

Clinically severe illness 
requiring hospitalisation; 
and multisystem (two or 
more) organ 
involvement (cardiac, 
renal, respiratory, 
haematological, 
gastrointestinal, 
dermatological, or 
neurological)

Four or more principal 
clinical features: 
(A) erythema and cracking 
of lips, strawberry tongue or 
oral and pharyngeal 
mucosa; (B) bilateral bulbar 
conjunctival injection 
without exudate; (C) rash; 
(D) erythema and oedema 
of the hands and feet in 
acute phase and periungual 
desquamation in subacute 
phase; and (E) cervical 
lymphadenopathy

Two or three principal 
clinical features or a 
positive echocardiogram

Kawasaki disease-like 
clinical features and any of 
the following causing 
initiation of volume 
expansion, vasoactive 
agents, or transfer to the 
intensive care unit: systolic 
hypotension based on age, 
or a decrease in systolic 
blood pressure from 
baseline by 20% or more, or 
clinical signs of poor 
perfusion

Exclusion Other microbial cause of 
inflammation

Any other microbial 
cause

Other plausible 
alternative diagnoses

·· ·· Other microbial cause

SARS-CoV-2 
status

Positive RT-PCR, antigen 
test, or serology; or any 
contact with patients with 
COVID-19

RT-PCR positive or 
negative

Positive RT-PCR, 
serology, or antigen test; 
or COVID-19 exposure 
within the past 4 weeks 
before symptom onset

·· ·· ··

 MIS-C=multisystem inflammatory syndrome in children. PIMS-TS=paediatric inflammatory multisystem syndrome temporally associated with SARS-CoV-2. SARS-CoV-2=severe acute respiratory syndrome 
coronavirus 2. *In the presence of four or more principal clinical features, particularly when redness and swelling of the hands and feet are present, the diagnosis of Kawasaki disease can be made with only 4 days 
of fever.

Table 1: Preliminary case definitions for MIS-C Jiang	Li,	et	all..	Lancet	Infect	Dis	2020;	20:	276-88.	
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Table 1. Comparison of the case definitions and terms for an emerging inflammatory condition during the COVID-19 pandemic

Differences RCPCH CDC WHO CPSP

Name PIMS-temporally
associated with COVID-19

Multisystem
inflammatory syndrome
in children (MIS-C)

MIS-C PIMS-temporally
associated with
COVID-19

Length of fever Not specified ≥24 h ≥3 days ≥3 days

Age Child <21 years 0 to 19 years <18 years

Evidence of inflammation Yes Yes Yes Yes

Multisystem Single organ or
multisystem

≥2 systems involved ≥2 systems involved Not specified but implied

Exclude other causes Yes Yes Yes Yes

SARS-CoV-2-PCR or
antibody or exposure

Not necessary Necessary Necessary Necessary

CDC Centers for Disease Control and Prevention; COVID-19 coronavirus 19; CPSP Canadian Paediatric Surveillance Program; PIMS paediatric
multisystem inflammatory syndrome; RCPCH Royal College of Paediatrics and Child Health; SARS-CoV-2-PCR severe acute respiratory
syndrome coronavirus 2 polymerase chain reaction; WHO World Health Organization

Acute SARS-CoV-2 in adults has been associated with ‘cytokine storm syndrome’ (CSS), a sudden onset of hyperinflammation and multiorgan disease.
CSS is caused by excessive cytokine release from uncontrolled immune activation . This response presents in the later stages of acute infection in
adults experiencing severe respiratory manifestations from COVID-19, and is believed to contribute significantly to mortality rates . By contrast,
PIMS/MIS-C appears to be a post-infectious inflammatory syndrome occurring in children and youth .

Presentation

The hallmark feature of PIMS/MIS-C is the presence of high and persistent fever (≥3 days), unexplained by other causes. Fever together with laboratory
evidence of marked systemic inflammation and temporal association with COVID-19 having been present in the community should raise the
index of suspicion for PIMS/MIS-C. The clinical presentations described to date have included fever with hyperinflammation; KD (Box A); and shock
or shock-like states, with signs of hypotension and poor perfusion related to severe myocardial dysfunction, GI distress, or with neurological
manifestations such as neck stiffness, altered mental status, or lethargy , plus some features of KD or TSS  (Box B).

[16]

[16]-[18]

[19]

[6][8] [20]

Paediatric inflammatory multisystem syndrome temporally associa... https://www.cps.ca/en/documents/position/pims

2 of 10 21/02/2021, 05:21

Comparison	of	
Case	Defini$on	



MIS-C	

•  Children	or	adolescence	age	0-18	y.o	with	high	grade	
temperature		≥3	days	with	two	or	more	symptoms:		

a.  Rash	or	bilateral	non	purulent	 conjung$vi$s	or	
mucocutaneous	 inflamma$on	 at	 oral	 region,	
upper	or	lower	extremi$es	

b.  Shock	or	hypotensive		
c.  Myocardial	 dysfunc$on,	 pericardi$s,	 vasculi$s,	

coronary	 abnormali$es	 (abnormal	 ECG	 or	
echocardiography	 findings,	 elevated	 Troponin/
NT-proBNP	levels	

d.  Coagulopathy	(Prolonged	PT,	APTT,	or	elevated	
D-dimer	level)	

e.  Acute	 gastrointes$nal	 symptoms	 (Diarhea,	
vomi$ng,	or	abdominal	pain)	

•  Besides	fever	with	two	or	more	symptoms,	MIS-C	must	also	have	
below	features:	

a.  Elevated	inflammatory	markers,	i.e	ESR,	CRP	or	procalcitonin;	
b.  Exclusion	of	other	microbial	cause	of	inflamma$on,	i.e	bacterial	

sepsis,	 toxic	 shock	 syndrome	 due	 to	 Staphylococus/	
Streptococcus;	and	

c.  Evidence	of	SARS-CoV-2	infec$on	(Posi$ve	RT-PCR,	an$gen	test	
or	serology)	or	any	contact	with	pa$ent	with	COVID-19	

MIS-C	is	a	clinical	diagnosis,	NOT	based	on	RT-PCR	



Children 2020, 7, 69 5 of 14

Table 1. Comparison of clinical and laboratory features of MIS-C with KD, KDSS, and TSS.

Pediatric MIS-C Kawasaki Disease (KD) Kawasaki Disease Shock Syndrome (KDSS) Toxic Shock Syndrome (TSS)

Age of a↵ected children Older
(range 6 m–16 y) Younger Younger Older

Hypotension ± � ++ ++

Mucous membrane involvement ± + + ±
Rash + + + Typically erythroderma

Desquamation + + + +

Altered mental status or encephalopathy + Rare + +

Vomiting, diarrhea, and/or abdominal pain ++ Rare + +

Respiratory distress + Rare + ±
Myalgias + � � +

WBC di↵erential Neutrophilia, lymphopenia Neutrophilia Neutrophilia Neutrophilia

Platelets # " #, normal, or " #
PT/PTT " normal normal or " "

Fibrinogen #, normal, or " normal normal, or " #
D-dimer " normal normal, or " "

ALT normal, or " normal, or " normal, or " normal, or "
Creatinine " normal " "
Troponin " normal, or " " ID

Pro-BNP "" normal, or " " ID

Ferritin " normal, or " normal, or " normal

CRP "" " "" "
Coronary artery dilation or aneurysms + + ++ �

Cardiac ventricular dysfunction + ± + Rare

Valvular regurgitation + + ++ Rare

Abbreviations: +, generally present; ++, almost always present; �, generally absent; ±, may be present or absent; " increased; "", highly increased; # decreased; ALT, alanine transaminase;
pro-BNP, pro-B-type natriuretic peptide; CRP, C-reactive protein; ID, insu�cient data; KD, Kawasaki Disease; KDSS, Kawasaki Disease shock syndrome; m, months; MIS-C, multisystem
inflammatory syndrome in children; PT/PTT, prothrombin time and partial thromboplastin time; TSS, toxic shock syndrome; WBC, white blood cell count; y, years.



Symptoms	 %	

Persistent	fever	(4-6	days)	 100	

GI	symptoms	(abdominal	pain,	
vomi$ng,	diarrhea)	

60-100	

Rashes	 45-76	

Conjung$vi$s	 30-81	

Mucosal	membrane	involvement	 27-76	

Neurocogni$ve	symptoms	
(headache,	lethargic,	convulsion)	

29-58	

Respiratory	symptoms	
(tachypnea,	dyspnea)	

21-65	

Sore	throat	 10-16	

Myalgia	 8-17	

Edema	in	extremi$es	 9-16	

Lymphadenopathy	 6-16	

Clinical	Manifesta3on	 %	

Shock	 32-76	

Complete	Kawasaki	Criteria	 22-64	

Myocardial	dysfunc$on	(echo	OR	
increased	troponin/BNP)	

51-90	

Arrhyhtmia	 12	

Acute	respiratory	failure	
(Invasive	or	NIV)	

28-52	

AKI	 8-52	

Serocy$s	(Pleural	effusion,	
Pericardial	effusion,	Ascites)	

24-57	

Hepa$$s	or	hepatomegaly	 5-21	

Encephalopathy,	convulsion,	
coma,	meningoencephali$s	

6-7	

heps://uptodate.com/contents/covid-19-mul$system-inflammatory-syndrome-in-children-mis-c-clinical-features-evalua$on.	



Laboratory	Findings	 %	

Abnormal	cell	count	

Lymphophenia	 85-95	

Neutrophilia	 68-90	

Mild	anemia	 70	

Thrombocytopenia	 31-80	

Increased	Inflammatory	Markers	

CRP	 90-100	

LED	 75-80	

D-dimer	 67-100	

Fibrinogen	 80-100	

Procalcitonine	 80-95	

Interleukin-6	 80-100	

Elevated	Cardiac	Marker	

Troponin	 50-90	

BNP	or	NT-pro-BNP	 73-90	

Hypoalbuminemia	 48-95	

Elevated	AST/ALT	 62-70	

Elevated	LDH	 10-60	

Hypertrigliceridemia	 70	

Radiological	Findings	

Echocardiography	

LV	dysfunc$on																																																																31-58%	

Coronary	artery	dilata$on/anurysm																													8-38	

Others,	i.e:	MR	and	pericardial	effusion	

Chest	X	Ray	

Mostly	normal	

Abnormal	findings,	i.e:	mild	pleural	effusion,	patchy	consolida$on,	focal	consolida$on,	
atelectasis			

CT	thorax	

Similar	to	X	ray	findings	

Nodular	GGO	in	several	pa$ents	

USG	and/or	CT	

Unspesific	findings:	free	fluid,	ascites,	inflamma$on	in	the	gut	and	mesenteric,	incl.	
ilei$s,	adenopathy/mesenteric	adeni$s,	and	pericolecys$c	oedema	

heps://uptodate.com/contents/covid-19-mul$system-inflammatory-syndrome-in-children-mis-c-clinical-features-evalua$on.	



Jiang	Li,	et	all.	COVID-19	and	mul$system	inflammatory	syndrome	in	children	and	adolescents.	Lancet	Infect	Dis	2020;	20:	276-88.	

Clinical	Management	of	MIS-C	



Beroukhim	RS,	et	al.	Children	at	risk	mul$system	inflammatory	syndrome	and	COVID-19.	JACC.	2020;2:1271-4.		

A stepwise approach to 
immunomodulatory 
treatment in MIS-C is 
recommended, IVIG and/
or glucocorticoids 
considered first tier 
agents 
 
Either alone or in 
combination 
 
There is insufficient data 
available to compare the 
efficacy of IVIG vs. 
glucocorticoids in MIS-C 
or to determine if these  
treatments should be 
provided individually or 
as dual therapy. 

Once the patient has defervesced and is 
improved clinically à transitioned to an 
equivalent oral dose 
of prednisolone or prednisone by the time of 
discharge and then tapered off over 3-4 
weeks. 

Henderson et al. American College of Rheumatology clinical guidance for pediatric patients with Multisystem Inflammatory Syndrome in Children (MIS-C) associated with SARS-CoV-2 and  
hyperinflammation in COVID-19. Version 1.2020  

Some patients with mild symptoms may require only  
close monitoring without IVIG and/or glucocorticoids. 
 
Based on Whittaker et al reported (*2). 
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Figure 1. Diagnostic Pathway for MIS‐C 
1An epidemiologic link to SARS‐CoV‐2 infection is defined as a child with ANY of the following criteria: positive 
SARS‐CoV‐2 polymerase chain reaction (PCR), positive SARS‐CoV‐2 serologies, preceding illness resembling COVD‐
19, or close contact with confirmed or suspected COVID‐19 cases in the past 4 weeks. 
2Rash, (polymorphic, maculopapular, or petechial, but not vesicular); GI symptoms, (diarrhea, abdominal pain, or 
vomiting); oral mucosal changes, (red and/or cracked lips, strawberry tongue, or erythema of the oropharyngeal 
mucosa); conjunctivitis, (bilateral conjunctival injection without exudate); neurologic symptoms, (altered metal 
status, encephalopathy, focal neurologic deficits, meningismus, or papilledema).  
3Complete metabolic panel: Na, K, CO2, Cl, BUN, Cr, glucose, Ca, albumin, total protein, AST, ALT, ALP, Bilirubin. 
4Send procalcitonin and cytokine panel, if available. 
5If not sent in tier 1 evaluation. If possible, send SARS‐CoV‐2 IgG, IgM, IgA. 
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Table 3. Possible doses for immunomodulatory agents in the treatment of MIS-C, depending on phenotypic characteristics.

Medication Class Dose Important Notes

IVIG [16,34]
• If they meet KD criteria: 2 g/kg IV typically given in a single dose

• If they meet SHLH criteria: 1–2 g/kg IV
Use with caution if fluid overload, renal dysfunction. Consider alternate

dosing strategy.

Aspirin
• If they meet KD criteria: 30–50 mg/kg/d, decrease to 3–5 mg/kg/d

once afebrile ⇥ 48 h Precaution in severe thrombocytopenia

Corticosteroids [34,39]

For severe KD *:

# Dosing strategy 1: Methylprednisone 0.8 mg/kg BID IV for 5–7 d or
until CRP normalizes followed by PO prednisone/prednisolone 2
mg/kg/d with wean over 2–3 w

# Dosing strategy 2: Methylprednisolone 10–30 mg/kg IV QD for 3 d
followed by PO prednisone/prednisolone 2 mg/kg/d until d 7 or until
CRP normalizes and then wean over 2–3 w

For SHLH **

# Methylprednisone pulsed dosing of 30 mg/kg IV QD ⇥ 3 doses
followed by 1 mg/kg IV q12 h, wean to be determined by peds
rheumatology, immunology, or H/O

Precaution if positive RT-PCR for SARS-CoV-2, suggesting active infection

Anakinra [16,34]
• 2–6 mg/kg/day IV/SQ, length of therapy to be decided with input

from pediatric rheumatology or immunology

Tocilizumab
• <30 Kg: 12 mg/kg IV
• >30 Kg: 8 mg/kg IV

Trials ongoing for safety and e�cacy in the setting of active
coronavirus infection [40]

Abbreviations: BID, twice daily; d, days; g, gram; h, hours; H/O, hematology–oncology; IV, intravenous; IG, immune globulin; KD, Kawasaki disease; kg, kilograms; mg, milligrams;
PO, by mouth; q, every; QD, every day; RT-PCR, reverse transcriptase PCR; SHLH, secondary hemophagocytic lymphohistiocytosis; SQ, subcutaneous; w, weeks. *—see text for definition.
**—per clinical discretion.
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3. Marked thrombocytopenia (eg, platelet count <20 000–50 000/
μL), hypofibrinogenemia (eg, fibrinogen activity <100 mg/dL by 
Clauss method), recent ISTH-defined major bleeding,20 and con-
comitant aspirin administration at doses >5 mg/kg/d likely con-
fer a heightened bleeding risk in association with anticoagulant 
thromboprophylaxis (however, in the absence of other risk factors 
for bleeding, the use of low-dose anticoagulant thromboprophy-
laxis is not believed to confer a high risk of clinically significant 
bleeding in MIS-C patients who are receiving aspirin at doses 
≤5 mg/kg/d due to the presence of cardiac abnormalities or fea-
tures of Kawasaki-like illness) [expert opinion, with strong consen-
sus (89%, 16/18)];

4. Continued anticoagulant thromboprophylaxis post-discharge 
from hospital be considered in children with COVID-19–related 
illness (including MIS-C) who have markedly elevated plasma 
D-dimer levels at hospital discharge and superimposed clinical 
risk factors for VTE (as above)—with a planned duration of, for ex-
ample, the sooner of clinical risk factor resolution or 30 days post-
discharge—using low-dose LMWH subcutaneously twice daily 
(as above) or therapeutic-intensity LMWH (eg, targeted anti-Xa 
activity of 0.5–1.0 U/mL) once daily, in the absence of contrain-
dications or heightened bleeding risk [expert opinion, with weak 
consensus (61%, 11/18)]; and

5. Anticoagulant thromboprophylaxis not be routinely prescribed 
in hospitalized children who have asymptomatic SARS-CoV-2 in-
fection in the absence of an indwelling central venous catheter 
or multiple clinical risk factors for hospital-associated VTE, nor 
in asymptomatic outpatients in the absence of indwelling central 
venous catheters, as the potential benefit of VTE prevention in 
most asymptomatic children is likely outweighed by the risk of 
clinically relevant bleeding [expert opinion, with strong consensus 
(89%, 16/18)].

3.2 | Research priorities

Based on a consensus of expert opinions (see survey Methods, 
above), we identify the following priorities for future research:

1. Characterization of VTE risk and identification of VTE risk 
factors in children (particularly those hospitalized) with COVID-
19–related illness (including MIS-C), via multi-institutional cohort 
studies, registries, and retrospective studies;

2. Determination of the safety and efficacy of anticoagulant 
thromboprophylaxis in children hospitalized with COVID-19–re-
lated illness (including MIS-C), via cooperative multicenter clini-
cal trials;

TA B L E  1   Summary of consensus-based clinical recommendations on use/non-use of anticoagulant thromboprophylaxis in children 
hospitalized for COVID-19–related illness and children hospitalized with asymptomatic SARS-CoV-2 infection

Scenario
D-dimer >5 times upper 
limit of normal values

Non-COVID-19 clinical risk factors 
for HA-VTE (see Table 2)

Anticoagulant 
thromboprophylaxis suggested

Hospitalized for COVID-19–related 
illness (includes MIS-C)

Yes N/A Yes

No One or morea  Yes

None No

Hospitalized with asymptomatic SARS-
CoV-2 infection

N/A Multipleb  Yes

Few or none No

Abbreviations: HA-VTE, hospital-associated venous thromboembolism; N/A, not applicable.
aWhile there was consensus among experts surveyed for the stated recommendations, specific risk factors endorsed by survey respondents varied. 
Please see also Table 2 for risk factor examples. 
bSeveral studies in critically ill and non–critically ill children without COVID-19 (analyzed in Mahajerin et al.18 or published subsequently) have 
suggested a clinically meaningful increase in the risk of hospital-associated VTE in association with the co-existence of multiple (eg, ≥3) specific risk 
factors. We presume that these findings also apply to hospitalized children with asymptomatic SARS-CoV-2 infection, until data may emerge that 
indicate otherwise. 

TA B L E  2   Examples of risk factors for hospital-associated VTE in 
children, informed by meta-analysis findings,18 previously published 
recommendations from the Subcommittee,19 and/or endorsed by 
experts surveyed

• Central venous catheter18,19

• Mechanical ventilation18,19

• Prolonged length of stay (eg, anticipated >3 days)18,19

• Complete immobility (eg, Braden Q Mobility Score = 1)19

• Obesity (ie, BMI >95th percentile)19

• Active malignancy, nephrotic syndromea , cystic fibrosis 
exacerbationa , sickle cell disease vaso-occlusive crisisa , or flare 
of underlying inflammatory disease (eg, lupus, juvenile idiopathic 
arthritis, inflammatory bowel disease)19

• Congenital or acquired cardiac disease with venous stasis or 
impaired venous return,

• Previous history of VTE19

• First-degree family history of VTE before age 40 years or 
unprovoked VTE19

• Known thrombophilia (eg: protein S, protein C, or antithrombin 
deficiency; factor V Leiden; factor II G20210A; persistent 
antiphospholipid antibodies)19

• Pubertal, post-pubertal, or age >12 years15

• Receiving estrogen-containing oral contraceptive pill
• Status-post splenectomy for underlying hemoglobinopathya 

Abbreviations: BMI, body mass index; VTE, venous thromboembolism.
aNot Included in survey, but endorsed by all co-authors post hoc. 
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Usage	of	Immunomodulators	

•  IVIG	(2	g/kg)	prevents	coronary	artery	aneurysm	in	KD1	

•  There	have	been	reports	of	benefit	from	IVIG	therapy	in	
COVID-19	associated	myocardi$s2	

•  Glucocor$coids	shows	reduce	coronary	artery	aneurysm	in	KD	
pa$ents	with	high	risk	of	IVIG	failure3	

1.  Furusho	K,	Nakano	H,	Shinomiya	K,	Tamura	T,	Manabe	Y,	Kawarano	M,	et	al.	High-dose	intravenous	gammaglobulin	for	Kawasaki	disease.	Lancet	1984;324	(8411):1055–8.	
2.  Kociol	RD,	Cooper	LT,	Fang	JC,	Moslehi	JJ,	Pang	PS,	Sabe	MA,	et	al.	Recogni$on	and	ini$al	management	of	fulminant	myocardi$s:	a	scien$fic	statement	from	the	American	Heart	Associa$on.	

Circula$on	2020;141(6):e69–92.	
3.  Kobayashi	T,	Saji	T,	Otani	T,	Takeuchi	K,	Nakamura	T,	Arakawa	H,	et	al.	Efficacy	of	immunoglobulin	plus	prednisolone	for	preven$on	of	coronary	artery	abnormali$es	in	severe	Kawasaki	

disease	(RAISE	study):	a	randomised,	openlabel,	blinded-endpoints	trial.	Lancet	2012;379(9826):1613–20.	



Why was IVIG treatment provided
in this patient?

Tanner T, Wahezi DM. Hyperinflammation and the utility of immunomodulatory medications in children with COVID-19. Paediatr Respir Rev. 2020;35:81–7. 
XieY, Cao S, Dong H, Li Q, Chen E, Zhang W, et al. Effect of regular intravenous immunoglobulin therapy on prognosis of severe pneumonia in patients with COVID-19. J Infect. 2020; 81:318–56.

IVIG 
treatment

Binds to Fc-gamma
receptors

Inhibits 
inflammatory 

cytokines

Prevents viral 
attachment to 

target cells
Modulates B-cells 

and T-cells

Current recommendation: 
IVIG 2 g/kgBW single dose for 
MIS-C, which was given in this 
patient.



No	descrip$on	about	the	dose,	
type	

Because	many	cases	met	the	diagnos$c	criteria	of		
classic	or	incomplete	Kawasaki	disease,	most	reported		
MIS-C	cases	were	treated	using	the	standard	protocol	for	
Kawasaki	disease	à	intravenous	immunoglobulin	with	
our	without	aspirin	

Type	of	steroid	and	
dura$ons	



Usage	of	Specific	Immunotherapies	
•  IL-6	Inhibitor	prevents		

– Megakaryocyte	matura$ons	à	leads	to	thrombocytosis1	
–  Triggering	cascade	that	s$mulates	polyclonal	B	cell	autoan$body	produc$on	à	
endothelial	damage	à	vascula$s1	

•  Tocilizumab	à	used	to	treat	systemic	onset	juvenile	idiopathic	
arthri$s2	(shares	many	features	with	MIS-C)	

•  Anakinra3	(IL-1	receptor	antagonist)	à	commonly	used	to	treat	
systemic	juvenile	arthri$s	induced	cytokine	release	syndrome	

•  Infliximab	(TNF-α	blocker)	à	reduce	significant	elevated	TNF-α	levels	
in	the	states	of	cytokine	storm4	

	

1.  Ueno	Y,	Takano	N,	Kanegane	H,	Yokoi	T,	Yachie	A,	Miyawaki	T,	et	al.	The	acute	phase	nature	of	interleukin	6:	studies	in	Kawasaki	disease	and	other	febrile	illnesses.	Clin	Exp	Immunol	
1989;76(3):337.	

2.  ]	Beukelman	T,	Patkar	NM,	Saag	KG,	Tolleson-Rinehart	S,	Cron	RQ,	DeWie	EM,	et	al.	2011	American	College	of	Rheumatology	recommenda$ons	for	the	treatment	of	juvenile	idiopathic	
arthri$s:	ini$a$on	and	safety	monitoring	of	therapeu$c	agents	for	the	treatment	of	arthri$s	and	systemic	features.	Arthri$s	Care	Res	2011;63(4):465–82.		

3.  Food	and	Drug	Administra$on.	Anakinra	(kineret)	prescribing	informa$on	[Internet].	2012	[cited	2020	Jul	15].	Available	from:	heps://www.accessdata.	fda.gov/drugsasda_docs/label/
2012/103950s5136lbl.pdf.	

4.  Cheng	MH,	Zhang	S,	Porrie	RA,	Ardi$	M,	Bahar	I.	An	inser$on	unique	to	SARSCoV-2	exhibits	superan$genic	character	strengthened	by	recent	muta$ons.	bioRxiv.	2020.	



Usage	of	Suppor$ve	Therapy	

Eight	recommenda$ons	from	the	document	were	
related	to	MIS-C	treatment	with	the	best	prac$ce	
sugges$ons	being	suppor$ve	management	and	
close	monitoring,	use	of	a	mul$disciplinary	team,	

laboratory	tests	(SARS-CoV2	an$gens,	
inflammatory	markers,	organ	system	

dysfunc$on),	and	empirical	an$bio$cs	un$l	
bacterial	causes	are	excluded	
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BACKGROUND
The assessment of real-world effectiveness of immunomodulatory medications for 
multisystem inflammatory syndrome in children (MIS-C) may guide therapy.
METHODS
We analyzed surveillance data on inpatients younger than 21 years of age who had 
MIS-C and were admitted to 1 of 58 U.S. hospitals between March 15 and October 
31, 2020. The effectiveness of initial immunomodulatory therapy (day 0, indicating the 
first day any such therapy for MIS-C was given) with intravenous immune globulin 
(IVIG) plus glucocorticoids, as compared with IVIG alone, was evaluated with propen-
sity-score matching and inverse probability weighting, with adjustment for baseline 
MIS-C severity and demographic characteristics. The primary outcome was cardiovas-
cular dysfunction (a composite of left ventricular dysfunction or shock resulting in 
the use of vasopressors) on or after day 2. Secondary outcomes included the compo-
nents of the primary outcome, the receipt of adjunctive treatment (glucocorticoids 
in patients not already receiving glucocorticoids on day 0, a biologic, or a second 
dose of IVIG) on or after day 1, and persistent or recurrent fever on or after day 2.
RESULTS
A total of 518 patients with MIS-C (median age, 8.7 years) received at least one immu-
nomodulatory therapy; 75% had been previously healthy, and 9 died. In the propensity-
score–matched analysis, initial treatment with IVIG plus glucocorticoids (103 patients) 
was associated with a lower risk of cardiovascular dysfunction on or after day 2 than 
IVIG alone (103 patients) (17% vs. 31%; risk ratio, 0.56; 95% confidence interval [CI], 
0.34 to 0.94). The risks of the components of the composite outcome were also lower 
among those who received IVIG plus glucocorticoids: left ventricular dysfunction oc-
curred in 8% and 17% of the patients, respectively (risk ratio, 0.46; 95% CI, 0.19 to 
1.15), and shock resulting in vasopressor use in 13% and 24% (risk ratio, 0.54; 95% CI, 
0.29 to 1.00). The use of adjunctive therapy was lower among patients who received 
IVIG plus glucocorticoids than among those who received IVIG alone (34% vs. 70%; 
risk ratio, 0.49; 95% CI, 0.36 to 0.65), but the risk of fever was unaffected (31% and 
40%, respectively; risk ratio, 0.78; 95% CI, 0.53 to 1.13). The inverse-probability-
weighted analysis confirmed the results of the propensity-score–matched analysis.
CONCLUSIONS
Among children and adolescents with MIS-C, initial treatment with IVIG plus gluco-
corticoids was associated with a lower risk of new or persistent cardiovascular dys-
function than IVIG alone. (Funded by the Centers for Disease Control and Prevention.)
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BACKGROUND
The assessment of real-world effectiveness of immunomodulatory medications for 
multisystem inflammatory syndrome in children (MIS-C) may guide therapy.
METHODS
We analyzed surveillance data on inpatients younger than 21 years of age who had 
MIS-C and were admitted to 1 of 58 U.S. hospitals between March 15 and October 
31, 2020. The effectiveness of initial immunomodulatory therapy (day 0, indicating the 
first day any such therapy for MIS-C was given) with intravenous immune globulin 
(IVIG) plus glucocorticoids, as compared with IVIG alone, was evaluated with propen-
sity-score matching and inverse probability weighting, with adjustment for baseline 
MIS-C severity and demographic characteristics. The primary outcome was cardiovas-
cular dysfunction (a composite of left ventricular dysfunction or shock resulting in 
the use of vasopressors) on or after day 2. Secondary outcomes included the compo-
nents of the primary outcome, the receipt of adjunctive treatment (glucocorticoids 
in patients not already receiving glucocorticoids on day 0, a biologic, or a second 
dose of IVIG) on or after day 1, and persistent or recurrent fever on or after day 2.
RESULTS
A total of 518 patients with MIS-C (median age, 8.7 years) received at least one immu-
nomodulatory therapy; 75% had been previously healthy, and 9 died. In the propensity-
score–matched analysis, initial treatment with IVIG plus glucocorticoids (103 patients) 
was associated with a lower risk of cardiovascular dysfunction on or after day 2 than 
IVIG alone (103 patients) (17% vs. 31%; risk ratio, 0.56; 95% confidence interval [CI], 
0.34 to 0.94). The risks of the components of the composite outcome were also lower 
among those who received IVIG plus glucocorticoids: left ventricular dysfunction oc-
curred in 8% and 17% of the patients, respectively (risk ratio, 0.46; 95% CI, 0.19 to 
1.15), and shock resulting in vasopressor use in 13% and 24% (risk ratio, 0.54; 95% CI, 
0.29 to 1.00). The use of adjunctive therapy was lower among patients who received 
IVIG plus glucocorticoids than among those who received IVIG alone (34% vs. 70%; 
risk ratio, 0.49; 95% CI, 0.36 to 0.65), but the risk of fever was unaffected (31% and 
40%, respectively; risk ratio, 0.78; 95% CI, 0.53 to 1.13). The inverse-probability-
weighted analysis confirmed the results of the propensity-score–matched analysis.
CONCLUSIONS
Among children and adolescents with MIS-C, initial treatment with IVIG plus gluco-
corticoids was associated with a lower risk of new or persistent cardiovascular dys-
function than IVIG alone. (Funded by the Centers for Disease Control and Prevention.)

A BS TR AC T

Multisystem Inflammatory Syndrome  
in Children — Initial Therapy and Outcomes
M.B.F. Son, N. Murray, K. Friedman, C.C. Young, M.M. Newhams, L.R. Feldstein, 

L.L. Loftis, K.M. Tarquinio, A.R. Singh, S.M. Heidemann, V.L. Soma, B.J. Riggs, 
J.C. Fitzgerald, M. Kong, S. Doymaz, J.S. Giuliano, Jr., M.A. Keenaghan, J.R. Hume, 

C.V. Hobbs, J.E. Schuster, K.N. Clouser, M.W. Hall, L.S. Smith, S.M. Horwitz, 
S.P. Schwartz, K. Irby, T.T. Bradford, A.B. Maddux, C.J. Babbitt, C.M. Rowan, 

G.E. McLaughlin, P.H. Yager, M. Maamari, E.H. Mack, C.L. Carroll, V.L. Montgomery, 
N.B. Halasa, N.Z. Cvijanovich, B.M. Coates, C.E. Rose, J.W. Newburger, M.M. Patel, 

and A.G. Randolph, for the Overcoming COVID-19 Investigators*  

Original Article

The New England Journal of Medicine 
Downloaded from nejm.org on June 17, 2021. For personal use only. No other uses without permission. 

 Copyright © 2021 Massachusetts Medical Society. All rights reserved. 



Thank	You	
	
	
	

“People	don’t	care	how	much	you	know,		
un$l	they	know	how	much	you	care”		

(Theodore	Roosevelt)	


