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ABSTRACT 

 

The prevalence of multisystem inflammatory syndrome in children (MIS-C) has increased 
since the coronavirus disease 2019 (COVID-19) pandemic started. This study was aimed to 

describe clinical manifestation and outcomes of MIS-C associated with COVID-19. 

This systematic review and meta-analysis were conducted on all available literature until 

July 3rd, 2020. The screening was done by using the following keywords: (“novel 
coronavirus” Or COVID-19 or severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) or coronavirus) and ("MIS-C" or "multisystem inflammatory" or Kawasaki). Data on 
gender, ethnicity, clinical presentations, need for mechanical ventilation or admission to 

intensive care unit (ICU), imaging, cardiac complications, and COVID-19 laboratory results 

were extracted to measure the pooled estimates. 

Out of 314 found articles, 16 articles with a total of 600 patients were included in the 
study, the most common presentation was fever (97%), followed by gastrointestinal 

symptoms (80%), and skin rashes (60%) as well as shock (55%), conjunctivitis (54%), and 
respiratory symptoms (39%). Less common presentations were neurologic problems (33%), 

and skin desquamation (30%), MIS-C was slightly more prevalent in males (53.7%) 

compared to females (46.3%). 

The findings of this meta-analysis on current evidence found that the common clinical 
presentations of COVID-19 associated MIS-C include a combination of fever and 

mucocutaneous involvements, similar to atypical Kawasaki disease, and multiple organ 
dysfunction. Due to the relatively higher morbidity and mortality rate, it is very important to 

diagnose this condition promptly. 
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INTRODUCTION 

 

An outbreak of a newly emerging infectious disease 

was reported in Wuhan city, China in the last days of 
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2019. The disease was caused by a novel beta 

coronavirus called 2019-nCoV.
1
 Later the name was 

changed to severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2), which caused the 

coronavirus disease 2019 (COVID-19).2 

Most affected individuals were adults. The most 

common presentations were fever, dry cough, and 

fatigue. Other less common symptoms were nausea, 

vomiting, diarrhea, sputum production, headache, 

seizure, etc.
3-6 

Few cases of COVID-19 were reported 

in childhood age, with milder presentations compared 

to adults.
2 

Children with the critical disease were 

younger than one-year-old or had preexisting 

conditions. In the first months of 2020, several reports 

of a Kawasaki-like disease were published in some 

populations.
7 

Clinical evidence suggested that this 

disorder was associated with SARS-CoV-2. In May 

2020, the center for disease control and prevention 

(CDC) of the United State named this condition as 

COVID-19 associated multisystem inflammatory 

syndrome (MIS-C). 

Kawasaki disease is a childhood-onset 

inflammatory syndrome. If Kawasaki disease is not 

treated with intravenous immune globulin (IVIG), it 

can cause coronary artery abnormalities in up to 25 

percent of the patients. The exact etiology of Kawasaki 

disease is unknown, but there is some evidence that 

particular infectious agents can trigger this condition, 

especially in genetically susceptible individuals.8 

Similarly, the exact mechanism of COVID-19 

associated MIS-C is unknown. Possible mechanisms 

for multiple organ involvement might include direct 

viral insult, a consequence of hypoxia-related to lung 

injury, or due to hyper inflammatory state and high 

levels of cytokines.9 Furthermore, data are scarce on 

different presentations of MIS-C. In this study, we 

aimed to describe the clinical manifestations of a 

multisystem inflammatory syndrome associated with 

COVID-19. 

 

MATERIALS AND METHODS 

 

Search Strategy  

Databases including Scopus, Cochrane Central 

Register of Controlled Trials (CENTRAL), Web of 

Science (ISI), EMBASE, PubMed, and Google Scholar 

were searched for published relevant papers in the past 

year until July 3rd, 2020. The screening was performed 

by evaluating titles and abstracts. Screened papers were 

imported to EndNote X9 citation manager to exclude 

duplicates. The search terms that were used to include 

the relevant studies were (“novel coronavirus” or 

COVID-19 or SARS-CoV-2 or coronavirus) and 

("MIS-C" or "multisystem inflammatory" or Kawasaki) 

 

Inclusion and Exclusion Criteria  

All articles, regardless of the design, study level 

(levels 1-4), and language, that assessed the clinical 

manifestations of COVID-19 associated MIS-C were 

included. Abstracts of non-English articles were 

translated into the English language and were included 

in the study. Papers that included adults or lacked 

epidemiological information were excluded. 

 

Data Extraction and Statistical Analysis  

Two authors (N.M. and A.B.) performed all stages 

of the meta-analysis independently. Clinical 

manifestations including signs, symptoms, laboratory 

data, and imaging results were extracted and were used 

for the measurement of pooled estimates (Table 1-3). 

Single-arm Meta-analysis was performed using the 

comprehensive meta-analysis version 3 software.10 This 

analysis took study effects into account and considered 

the studies as single groups with events and sample 

sizes, and the results were calculated by a random-

effect method. For analysis of intensive care unit (ICU) 

admission rates, we excluded data from studies that 

were only on the pediatric intensive care unit (PICU) 

patients. Data were presented; using a 95% confidence 

interval, while the I2 statistic and Cochran’s Q test were 

used to assess statistical heterogeneity. Cochran’s Q is 

computed by summing the squared deviations of each 

study's estimate from the overall estimate. Forest plots 

were used to illustrate the prevalence with a 95% 

confidence interval. p-values were obtained by 

comparing the statistic based on χ2 distribution with k-1 

degrees of freedom (k is the number of studies). 

Statistical tests for heterogeneity were performed to 

determine if the included studies had similar rates of 

clinical manifestations. p-values smaller than 0.05 in 

Cochran’s Q test would reject the null hypothesis that 

there is no heterogeneity between studies. Moreover, I2 

revealed that the extent to which the studies varied was 

due to heterogeneity rather than chance or sampling 

error. Following the rule of thumb, I
2 

values larger than 

40% were considered as substantial heterogeneity. 

Since heterogeneity was present in all fields, a random-

effects model was used to conduct the meta-analysis. 
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Table 1. Characteristics of the included studies 

First Author, 

Publication 

Year 

Country Study type 
Number 

of patients 

Sex Race/ethnicity/ancestry Comorbidities 

m
a
le
 

fe
m
a
le
 

W
h
it
e 

B
la
ck
 

A
si
a
n
 

H
is
p
a
n
ic
 

A
st
h
m
a
 

O
v
er
w
ei
g
h
t 

(B
M
I 
>
 2
5
) 

Eva W. Cheung 

et al, 2020 

U.S.A Letter 17 8 9 8 4 1    

Kathleen 

Chiotos et al, 

2020 

U.S.A case series 6 1 5 2 2    0 

Julie Toubiana 

et al, 2020 

France prospective 

observational 

21 9 12       

Tristan 

Ramcharan et 

al, 2020 

U.K retrospective 

observational 

15 11 4       

Marion 

Grimaud et al, 

2020 

France case series 20 10 10       

Marie Pouletty 

et al, 2020 

France cohort 16 8 8     2 4 

Zahra Belhadjer 

et al, 2020 

France case series 35 18 17     3 6 

Jonathan Miller 

et al, 2020 

U.S.A cohort 44 20 24 9 9  15  16 

Christine A. 

Capone et al, 

2020 

U.S.A cohort 33 20 13 3 8 3  5 15 

Shubhi Kaushik 

et al, 2020 

U.S.A cohort 33 20 13 3 13 1 15 5 2 

Eléonore 

Blondiaux et al, 

2020 

France case series 4 1 3      1 

Elizabeth 

Whittaker et al, 

2020 

England case series 58 25 33 12 22 18    

Lucio Verdoni 

et al, 2020 

Italy cohort 10 7 3       

L.R. Feldstein 

et al, 2020 

U.S.A case series 186 115 71 35 46  57  45/153 

Elizabeth M. 

Dufort et al, 

2020 

U.S.A case series 99 53 46 29/78 31/7

8 

4/78   29 

Khuen Foong 

Ng et al, 2020 

U.K case series 3 2 1  2 1   1 
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Table 2. Extracted variables from the included studies 

First Author, 

Publication Year 

Clinical description 

F
ev
er
 

G
a
st
ro
in
te
st
in
a
l*
 

S
k
in
 r
a
sh
 

d
es
q
u
a
m
a
ti
o
n
 

C
o
n
ju
n
ct
iv
it
is
 

C
h
ei
li
ti
s 

L
y
m
p
h
a
d
e
n
o
p
a
th
y
 

E
d
em

a
 

S
h
o
c
k
*
*
 

N
eu
r
o
lo
g
ic
*
*
*
 

R
es
p
ir
a
to
ry
*
*
*
*
 

M
y
a
lg
ia
 

A
rt
h
ra
lg
ia
 

A
cu
te
 k
id
n
e
y
 i
n
ju
ry
 

Eva W. Cheung 

et al, 2020 

17 15 12 3 11 9 6  13 8 7 6   

Kathleen Chiotos  

et al, 2020 

6 6 2  2 3 0 2 6 1 4   4 

Julie Toubiana  

et al, 2020 

21  16 4 17 16 12      2  

Tristan Ramcharan 

et al, 2020 

15 13          4   

Marion Grimaud  

et al, 2020 

20 20 10  6 5 2        

Marie Pouletty  

et al, 2020 

16 13 13  15 14 6 11  9 2  1  

Zahra Belhadjer  

et al, 2020 

35 29  20   21   11 23    

Jonathan Miller  

et al., 2020 

44 37 31  23    22 13 11   7 

Christine A. 

Capone et al, 2020 

33 32       25 19 17   23 

Shubhi Kaushik  

et al, 2020 

31 23 14  12     4 11    

Eléonore Blondiaux 

et al, 2020 

4  4  2  1        

Elizabeth Whittaker 

et al, 2020 

58 31 30  26  9 9 29 15 12   13 

Lucio Verdoni  

et al, 2020 

10 6   7 6 1   2     

L.R. Feldstein  

et al, 2020 

186  110  103  18        

Elizabeth M. Dufort 

et al, 2020 

99 79 59  55  6 9 10 30 40 17 4 10 

Khuen Foong Ng  

et al, 2020 

3 3 2  3  2    2    

*abdominal pain, vomiting, and/or diarrhea; **requiring vasopressors; *** headache, stiff neck, vision change; ****cough, dyspnea 
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Table 3. Extraction of variables from included studies 

First Author, 

Publication 

Year 

Ventilation 

A
d
m
is
si
o
n
 t
o
 I
C
U
 

H
is
to
ry
 o
f 
C
O
V
ID
-1
9
 s
ic
k
 c
o
n
ta
ct
 

Echocardiography 

C
h
es
t 
ra
d
io
g
ra
p
h
y
 o
r 
co
m
p
u
te
d
 

to
m
o
g
ra
p
h
y
 a
b
n
o
rm

a
li
ti
es
*
 

Positive 

microbiological 

findings 

N
o
n
-i
n
v
a
si
v
e
 

In
v
a
si
v
e
 

N
o
rm

a
l 
L
ef
t 
v
en
tr
ic
u
la
r 

fu
n
ct
io
n
 

D
ec
re
a
se
d
 L
ef
t 

v
e
n
tr
ic
u
la
r 
fu
n
ct
io
n
 

m
y
o
ca
rd
it
is
 

C
o
ro
n
a
ry
 

d
il
a
ti
o
n
/a
n
e
u
r
y
sm

 

P
er
ic
a
r
d
ia
l 
ef
fu
si
o
n
 

N
a
so
p
h
a
ry
n
g
ea
l 
S
A
R
S
-

C
o
V
-2
 R
T
-P
C
R
 

P
o
si
ti
v
e 
se
ru
m
 s
er
o
lo
g
y
 

Eva W. Cheung 

et al, 2020 

 0 15 11 6 11   8  8 9 

Kathleen 

Chiotos et al, 

2020 

2 3  0 2 4  1  5 3 5/5 

Julie Toubiana 

et al, 2020 

 11 17  5 16 16 5 12 8in18 8 19 

Tristan 

Ramcharan  

et al, 2020 

 4 10 3 3 12  7 8 7in14 2 12 

Marion 

Grimaud et al, 

2020 

11 8           

Marie Pouletty 

et al, 2020 

  7 12   7 3  5 9in16 7/8 

Zahra Belhadjer 

et al, 2020 

11 22      6     

Jonathan Miller 

et al, 2020 

          15 31 

Christine A. 

Capone et al, 

2020 

17  26  14 19     9/33 6/30 

Shubhi Kaushik 

et al, 2020 

12 5  5 11/32 21/32   15/3

2 

11 11 27 

Eléonore 

Blondiaux et al, 

2020 

 1   1 3  0 1 3 0 4 

Elizabeth 

Whittaker et al, 

2020 

 25      8   15 40/46 

Lucio Verdoni 

et al, 2020 

   5 5 5  2 4 5 2 8 

L.R. Feldstein 

et al, 2020 

  148        73 85 

Elizabeth M. 

Dufort et al, 

2020 

23 14 79    52 9   50/98 76/77 

Khuen Foong 

Ng et al, 2020 

       3 2 3 1 3 

*Ground glass opacity, interstitial abnormalities, and local patchy shadowing 
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Table 4. Quality assessment of the included studies based on NIH study quality assessment tools for observational cohort and 

cross-sectional studies  

  Julie 

Toubiana  

et al, 2020 

Tristan 

Ramcharan 

et al, 2020 

Marie 

Pouletty  

et al, 2020 

Jonathan 

Miller  

et al, 2020 

Christine A. 

Capone  

et al, 2020 

Shubhi 

Kaushik  

et al, 2020 

Lucio 

Verdoni  

et al, 2020 

1. Clearly stated research question 

or objective  

Yes Yes Yes Yes Yes Yes Yes 

2. Clearly specified study 

population  

Yes Yes Yes Yes Yes Yes Yes 

3. The participation rate of eligible 

persons equal tohigher than 50% 

Yes Yes Yes Yes Yes Yes Yes 

4. All the subjects were selected or 

recruited from the same or similar 

populations (including the same 

period)? Use of prespecified 

inclusion and exclusion criteria to 

be applied uniformly to all 

participants 

Yes Yes Yes Yes Yes Yes Yes 

5. Stating justification for sample 

size, power description, or variance 

and effect estimates 

No No No No No No No 

6. The exposure(s) of interest was 

measured before the measured 

outcome(s)  

Yes Yes Yes Yes Yes Yes Yes 

7. Sufficient timeframe sufficient to 

reasonably expect to see the 

possible association between 

exposure and outcome 

Yes Yes Yes Yes Yes Yes Yes 

8. Examining the different levels of 

the exposures that that can vary in 

amount or level, as related to the 

outcome (e.g., categories of 

exposure, or exposure measured as 

a continuous variable) 

NA NA NA NA NA NA NA 

9. Clear, valid, and reliable 

exposure measures (independent 

variables) consistently across all 

study participants  

Yes Yes Yes Yes Yes Yes Yes 

10. More than a one-time 

assessment of the exposure(s)  

NA NA NA NA NA NA NA 

11. Clearly defined, validated, 

reliable outcome measures 

(dependent variables) consistently 

across all study participants 

Yes Yes Yes Yes Yes Yes Yes 

12. Blinded outcome assessors 

blinded to the exposure status of 

participants  

NA NA NA NA NA NA NA 

13. Less than 20% loss to follow- Yes Yes Yes Yes Yes Yes Yes 
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up after baseline  

14. Statistical adjustment for the 

key potential confounding variables 

in the assessment of the 

relationship between exposure(s) 

and outcome(s)? 

NA NA NA NA NA NA NA 

Quality Rating (Good, Fair, or 

Poor) 

Good Good Good Good Good Good Good 

CD, cannot determine; NA, not applicable; NR, not reported
 

 

 

 

Table 5. Quality assessment; using NIH study quality assessment tools for case series studies  

  Kathleen 

Chiotos  

et al, 2020 

Marion 

Grimaud 

et al, 2020 

Zahra 

Belhadjer 

et al, 2020 

Eléonore 

Blondiaux  

et al, 2020 

Elizabeth 

Whittaker 

et al, 2020 

L.R. 

Feldstein 

et al, 2020 

Elizabeth 

M.Dufort  

et al, 2020 

KhuenFoo

ng Ng 

 et al, 2020 

1. Clear study question or 

objective 

Yes Yes Yes Yes Yes Yes Yes Yes 

2. Clear description of the study 

population, including a case 

definition? 

Yes Yes Yes Yes Yes Yes Yes Yes 

3. Consecutive cases  NR NR NR NR NR NR NR NR 

4. Comparability of the subjects Yes Yes Yes Yes Yes Yes Yes Yes 

5. Clear description of the 

intervention  

Yes Yes Yes Yes Yes Yes Yes Yes 

6. Clearly defined, validated and 

reliable outcome measures 

implemented consistently across 

all study participants 

Yes Yes Yes Yes Yes Yes Yes Yes 

7. Adequate length of follow-up Yes Yes Yes Yes Yes Yes Yes Yes 

8. Good description of the 

statistical methods  

NA Yes Yes NA Yes Yes Yes NA 

9. Good description of results Yes Yes Yes Yes Yes Yes Yes Yes 

Quality Rating (Good, Fair, or 

Poor) 

Good Good Good Good Good Good Good Good 

CD, cannot determine; NA, not applicable; NR, not reported 
 

 

 

 

Methodological Quality Assessment 

The methodology quality of the studies was 

assessed by two reviewers independently; using the 

NIH study quality assessment tools 

(https://www.nhlbi.nih.gov/health-topics/study-quality-

assessment-tools) for cohort, cross-sectional, and 

observational studies as well as case series. 

Disagreements were resolved by a third reviewer or 

consensus-based discussion (Tables 4 and 5).

 

RESULTS 

 

Study Characteristics  

Out of 314 papers found on July 3rd, 2020, 16 

papers were included for data extraction (Figure 1). 

Seven studies were conducted in the U.S.A,
9,11-16 

five 

studies in France
17-21

, three studies in the U.K
22-24

, and 

one study in Italy (Table 1).
7
 All the included papers 

were published in English. Overall, these studies 

included 600 patients and comprised of 328 males and 

272 females. 
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Figure 1. PRISMA flow diagram 
 

 

 

Sex, Race and Ethnicity Distribution in Multisystem 

Inflammatory Syndrome Associated with 

Coronavirus Disease 2019 

The random-effects model on the 16 included 

studies indicated that 53.7% (95% CI, 49%-59%) of the 

patients were male (Table 6A), and 46.3% (95% CI, 

41%-51%) were female (Table 6B). Cochran’s Q test 

showed 18% heterogeneity among the included studies, 

which was not significant (Q-value=18, p=0.24, I
2
=18). 

The Random-effects model revealed that after 
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inclusion of various number of studies that reported 

ethnicity separately, 23% of the patients were White 

(95% CI, 15%-32%). There was a 69% heterogeneity, 

which was significant (Q-value=22, p=0.002, 

I2=69)(Table 6C). Thirty-one percent of the patients 

were Black (95% CI, 25%-38%) with 39.86% 

heterogeneity, which was not significant (Q-value=13, 

p=0.10, I
2
=39.86)(Table 6D). Ten percent of the 

patients were Asian (95% CI, 4%-26%) with 76% 

heterogeneity which was significant (Q-value=21, 

p=0.001, I2=76) (Table 6E). Thirty-four percent of 

patients were Hispanic (95% CI, 27%-42%) with 27% 

heterogeneity, which was not significant (Q-value=2, 

p=0.25, I
2
=27) (Table 6F). 

 

Prevalence of Clinical Manifestations in COVID-19 

Associated MSI-C Based on the Random-effects 

Model 

After including 10 studies, 28% (95% CI, 21%-

36%) of the patients were overweight. Cochran’s Q test 

showed 42% heterogeneity among the included studies, 

which was not significant (Q-value=15, p=0.079, 

I
2
=42) (Table 7A). 

After including 4 studies, 13% (95% CI, 8%-20%) 

of the patients had asthma. Cochran’s Q test showed 

0% heterogeneity among studies, which was not 

significant (Q-value=0.87, p=0.83, I
2
=0)(Table 7B). 

 

 

 

Table 6. Forest plots of Sex, Race, and ethnicity distribution in coronavirus disease 2019 (COVID-19) associated multisystem 

inflammatory syndrome; using the binary random-effects method. Blue squares represent an individual study's effect; the 

square's size varies to reflect a particular study's weight. The blue horizontal lines represent CI's. The red diamond 

represents the overall or summary. A: Male sex ratio in 16 studies. B: Female sex ratio in 16 studies. C: White ethnicity ratio 

in 8 studies. D: Black ethnicity ratio in 9 studies. E: Asian ethnicity ratio in 6 studies. F: Hispanic ethnicity ratio in 3 studies 

 

A. 

 

B. 

 

C. 

 

D. 

 

E. 

 

F. 

 

 

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Eva W. Cheung et al., 2020 0.471 0.255 0.697 -0.242 0.808

Kathleen Chiotos et al., 2020 0.167 0.023 0.631 -1.469 0.142

Julie Toubiana et al., 2020 0.429 0.240 0.640 -0.652 0.514

Tristan Ramcharan et al., 2020 0.733 0.467 0.896 1.733 0.083

Marion Grimaud et al., 2020 0.500 0.294 0.706 0.000 1.000

Marie Pouletty et al., 2020 0.500 0.273 0.727 0.000 1.000

Zahra Belhadjer et al., 2020 0.514 0.353 0.673 0.169 0.866

Jonathan Miller et al., 2020 0.455 0.315 0.601 -0.602 0.547

Christine A. Capone et al., 2020 0.606 0.434 0.756 1.209 0.227

Shubhi Kaushik et al., 2020 0.606 0.434 0.756 1.209 0.227

Eléonore Blondiaux et al., 2020 0.250 0.034 0.762 -0.951 0.341

Elizabeth Whittaker et al., 2020 0.431 0.311 0.560 -1.047 0.295

Lucio Verdoni et al., 2020 0.700 0.376 0.900 1.228 0.220

L.R. Feldstein et al., 2020 0.618 0.546 0.685 3.195 0.001

Elizabeth M. Dufort et al., 2020 0.535 0.437 0.631 0.703 0.482

Khuen Foong Ng et al., 2020 0.667 0.154 0.957 0.566 0.571

0.537 0.487 0.586 1.452 0.147

-1.00 -0.50 0.00 0.50 1.00

Proportion

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Eva W. Cheung et al., 2020 0.529 0.303 0.745 0.242 0.808

Kathleen Chiotos et al., 2020 0.833 0.369 0.977 1.469 0.142

Julie Toubiana et al., 2020 0.571 0.360 0.760 0.652 0.514

Tristan Ramcharan et al., 2020 0.267 0.104 0.533 -1.733 0.083

Marion Grimaud et al., 2020 0.500 0.294 0.706 0.000 1.000

Marie Pouletty et al., 2020 0.500 0.273 0.727 0.000 1.000

Zahra Belhadjer et al., 2020 0.486 0.327 0.647 -0.169 0.866

Jonathan Miller et al., 2020 0.545 0.399 0.685 0.602 0.547

Christine A. Capone et al., 2020 0.394 0.244 0.566 -1.209 0.227

Shubhi Kaushik et al., 2020 0.394 0.244 0.566 -1.209 0.227

Eléonore Blondiaux et al., 2020 0.750 0.238 0.966 0.951 0.341

Elizabeth Whittaker et al., 2020 0.569 0.440 0.689 1.047 0.295

Lucio Verdoni et al., 2020 0.300 0.100 0.624 -1.228 0.220

L.R. Feldstein et al., 2020 0.382 0.315 0.454 -3.195 0.001

Elizabeth M. Dufort et al., 2020 0.465 0.369 0.563 -0.703 0.482

Khuen Foong Ng et al., 2020 0.333 0.043 0.846 -0.566 0.571

0.463 0.414 0.513 -1.452 0.147

-1.00 -0.50 0.00 0.50 1.00

Proportion

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Eva W. Cheung et al., 2020 0.471 0.255 0.697 -0.242 0.808

Kathleen Chiotos et al., 2020 0.333 0.084 0.732 -0.800 0.423

Jonathan Miller et al., 2020 0.205 0.110 0.349 -3.634 0.000

Christine A. Capone et al., 2020 0.091 0.030 0.247 -3.803 0.000

Shubhi Kaushik et al., 2020 0.091 0.030 0.247 -3.803 0.000

Elizabeth Whittaker et al., 2020 0.207 0.121 0.330 -4.145 0.000

L.R. Feldstein et al., 2020 0.188 0.138 0.251 -7.793 0.000

Elizabeth M. Dufort et al., 2020 0.372 0.272 0.484 -2.239 0.025

0.228 0.155 0.320 -5.093 0.000

-1.00 -0.50 0.00 0.50 1.00

Proportion

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Eva W. Cheung et al., 2020 0.235 0.091 0.486 -2.061 0.039

Kathleen Chiotos et al., 2020 0.333 0.084 0.732 -0.800 0.423

Jonathan Miller et al., 2020 0.205 0.110 0.349 -3.634 0.000

Christine A. Capone et al., 2020 0.242 0.126 0.415 -2.805 0.005

Shubhi Kaushik et al., 2020 0.394 0.244 0.566 -1.209 0.227

Elizabeth Whittaker et al., 2020 0.379 0.264 0.509 -1.820 0.069

L.R. Feldstein et al., 2020 0.247 0.191 0.314 -6.549 0.000

Elizabeth M. Dufort et al., 2020 0.397 0.295 0.509 -1.799 0.072

Khuen Foong Ng et al., 2020 0.667 0.154 0.957 0.566 0.571

0.310 0.250 0.377 -5.237 0.000

-1.00 -0.50 0.00 0.50 1.00

Proportion

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Eva W. Cheung et al., 2020 0.059 0.008 0.320 -2.690 0.007

Christine A. Capone et al., 2020 0.091 0.030 0.247 -3.803 0.000

Shubhi Kaushik et al., 2020 0.030 0.004 0.186 -3.413 0.001

Elizabeth Whittaker et al., 2020 0.310 0.205 0.440 -2.813 0.005

Elizabeth M. Dufort et al., 2020 0.051 0.019 0.129 -5.684 0.000

Khuen Foong Ng et al., 2020 0.333 0.043 0.846 -0.566 0.571

0.107 0.039 0.260 -3.865 0.000

-1.00 -0.50 0.00 0.50 1.00

Proportion

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Jonathan Miller et al., 2020 0.341 0.217 0.491 -2.073 0.038

Shubhi Kaushik et al., 2020 0.455 0.296 0.623 -0.522 0.602

L.R. Feldstein et al., 2020 0.306 0.244 0.376 -5.135 0.000

0.342 0.271 0.422 -3.788 0.000

-1.00 -0.50 0.00 0.50 1.00

Proportion
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Table 7. Forest plots of clinical manifestations of coronavirus disease 2019 (COVID-19); associated multisystem 

inflammatory syndrome; using the binary random-effects method. Blue squares represent an individual study's effect; the 

square's size varies to reflect a particular study's weight. The blue horizontal lines represent CI's. The red diamond 

represents the overall or summary. A: Obesity prevalence in 10 studies. B: Asthma prevalence in 4 studies. C: Fever 

prevalence in 16 studies. D: Gastrointestinal symptoms prevalence in 13 studies. E: Skin rash prevalence in 12 studies. F: 

Skin desquamation prevalence in 3 studies. G: Conjunctivitis prevalence in 13 studies. H: Cheilitis prevalence in 6 studies. I: 

Lymphadenopathy prevalence in 12 studies. J: Edema prevalence in 4 studies. K: Shock prevalence in 6 studies. L: 

Neurologic symptoms prevalence in 10 studies. M: Respiratory symptoms prevalence in 10 studies. N: Myalgia prevalence in 

3 studies. O: Arthralgia prevalence in 3 studies. P: Acute kidney injury prevalence in 5 studies 

 

A. 

 

B. 

 

C. 

 

D. 

 

E. 

 

F. 

 

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Kathleen Chiotos et al., 2020 0.071 0.004 0.577 -1.748 0.081

Marie Pouletty et al., 2020 0.250 0.097 0.508 -1.903 0.057

Zahra Belhadjer et al., 2020 0.171 0.079 0.333 -3.513 0.000

Jonathan Miller et al., 2020 0.364 0.236 0.514 -1.786 0.074

Christine A. Capone et al., 2020 0.455 0.296 0.623 -0.522 0.602

Shubhi Kaushik et al., 2020 0.061 0.015 0.212 -3.757 0.000

Eléonore Blondiaux et al., 2020 0.250 0.034 0.762 -0.951 0.341

L.R. Feldstein et al., 2020 0.294 0.227 0.371 -4.934 0.000

Elizabeth M. Dufort et al., 2020 0.293 0.212 0.390 -3.990 0.000

Khuen Foong Ng et al., 2020 0.333 0.043 0.846 -0.566 0.571

0.282 0.218 0.357 -5.316 0.000

-1.00 -0.50 0.00 0.50 1.00

Proportion

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Marie Pouletty et al., 2020 0.125 0.031 0.386 -2.574 0.010

Zahra Belhadjer et al., 2020 0.086 0.028 0.234 -3.920 0.000

Christine A. Capone et al., 2020 0.152 0.065 0.316 -3.548 0.000

Shubhi Kaushik et al., 2020 0.152 0.065 0.316 -3.548 0.000

0.131 0.081 0.207 -6.805 0.000

-1.00 -0.50 0.00 0.50 1.00

Proportion

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Eva W. Cheung et al., 2020 0.972 0.678 0.998 2.479 0.013

Kathleen Chiotos et al., 2020 0.929 0.423 0.996 1.748 0.081

Julie Toubiana et al., 2020 0.977 0.723 0.999 2.629 0.009

Tristan Ramcharan et al., 2020 0.969 0.650 0.998 2.390 0.017

Marion Grimaud et al., 2020 0.976 0.713 0.999 2.594 0.009

Marie Pouletty et al., 2020 0.971 0.664 0.998 2.436 0.015

Zahra Belhadjer et al., 2020 0.986 0.813 0.999 2.993 0.003

Jonathan Miller et al., 2020 0.989 0.846 0.999 3.156 0.002

Christine A. Capone et al., 2020 0.985 0.804 0.999 2.951 0.003

Shubhi Kaushik et al., 2020 0.939 0.788 0.985 3.757 0.000

Eléonore Blondiaux et al., 2020 0.900 0.326 0.994 1.474 0.140

Elizabeth Whittaker et al., 2020 0.992 0.879 0.999 3.353 0.001

Lucio Verdoni et al., 2020 0.955 0.552 0.997 2.103 0.035

L.R. Feldstein et al., 2020 0.997 0.959 1.000 4.182 0.000

Elizabeth M. Dufort et al., 2020 0.995 0.925 1.000 3.734 0.000

Khuen Foong Ng et al., 2020 0.875 0.266 0.993 1.287 0.198

0.973 0.950 0.986 10.837 0.000

-1.00 -0.50 0.00 0.50 1.00

Proportion

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Eva W. Cheung et al., 2020 0.882 0.632 0.970 2.677 0.007

Kathleen Chiotos et al., 2020 0.929 0.423 0.996 1.748 0.081

Tristan Ramcharan et al., 2020 0.867 0.595 0.966 2.464 0.014

Marion Grimaud et al., 2020 0.976 0.713 0.999 2.594 0.009

Marie Pouletty et al., 2020 0.813 0.553 0.938 2.289 0.022

Zahra Belhadjer et al., 2020 0.829 0.667 0.921 3.513 0.000

Jonathan Miller et al., 2020 0.841 0.702 0.922 4.040 0.000

Christine A. Capone et al., 2020 0.970 0.814 0.996 3.413 0.001

Shubhi Kaushik et al., 2020 0.697 0.523 0.829 2.199 0.028

Elizabeth Whittaker et al., 2020 0.534 0.407 0.658 0.525 0.600

Lucio Verdoni et al., 2020 0.600 0.297 0.842 0.628 0.530

Elizabeth M. Dufort et al., 2020 0.798 0.707 0.866 5.488 0.000

Khuen Foong Ng et al., 2020 0.875 0.266 0.993 1.287 0.198

0.803 0.713 0.870 5.556 0.000

-1.00 -0.50 0.00 0.50 1.00

Proportion

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Eva W. Cheung et al., 2020 0.706 0.458 0.872 1.645 0.100

Kathleen Chiotos et al., 2020 0.333 0.084 0.732 -0.800 0.423

Julie Toubiana et al., 2020 0.762 0.540 0.897 2.270 0.023

Marion Grimaud et al., 2020 0.500 0.294 0.706 0.000 1.000

Marie Pouletty et al., 2020 0.813 0.553 0.938 2.289 0.022

Jonathan Miller et al., 2020 0.705 0.555 0.820 2.630 0.009

Shubhi Kaushik et al., 2020 0.424 0.270 0.595 -0.867 0.386

Eléonore Blondiaux et al., 2020 0.900 0.326 0.994 1.474 0.140

Elizabeth Whittaker et al., 2020 0.517 0.390 0.642 0.263 0.793

L.R. Feldstein et al., 2020 0.591 0.519 0.660 2.479 0.013

Elizabeth M. Dufort et al., 2020 0.596 0.497 0.688 1.898 0.058

Khuen Foong Ng et al., 2020 0.667 0.154 0.957 0.566 0.571

0.599 0.533 0.662 2.915 0.004

-1.00 -0.50 0.00 0.50 1.00

Proportion

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Eva W. Cheung et al., 2020 0.176 0.058 0.427 -2.421 0.015

Julie Toubiana et al., 2020 0.190 0.073 0.412 -2.604 0.009

Zahra Belhadjer et al., 2020 0.571 0.406 0.723 0.842 0.400

0.304 0.104 0.622 -1.222 0.222

-1.00 -0.50 0.00 0.50 1.00

Proportion
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G. 

 

H. 

 

I. 

 

J. 

 

K. 

 

L. 

 

M. 

 

N. 

 

O. 

 

P. 

 
 

After including 16 studies, 97.3% (95% CI, 95%-

99%) of the patients had a fever. Cochran’s Q test 

showed 0% heterogeneity among studies, which was 

not significant (Q-value=9.72, p=0.84, I
2
=0) (Table 

7C). 

After including 13 studies, 80% (95% CI, 71%-

87%) of the patients had gastrointestinal symptoms, i.e. 

abdominal pain, vomiting, or diarrhea. Cochran’s Q test 

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Eva W. Cheung et al., 2020 0.647 0.404 0.832 1.194 0.232

Kathleen Chiotos et al., 2020 0.333 0.084 0.732 -0.800 0.423

Julie Toubiana et al., 2020 0.810 0.588 0.927 2.604 0.009

Marion Grimaud et al., 2020 0.300 0.141 0.527 -1.736 0.082

Marie Pouletty et al., 2020 0.938 0.665 0.991 2.622 0.009

Jonathan Miller et al., 2020 0.523 0.377 0.664 0.301 0.763

Shubhi Kaushik et al., 2020 0.364 0.219 0.537 -1.546 0.122

Eléonore Blondiaux et al., 2020 0.500 0.123 0.877 0.000 1.000

Elizabeth Whittaker et al., 2020 0.448 0.326 0.577 -0.786 0.432

Lucio Verdoni et al., 2020 0.700 0.376 0.900 1.228 0.220

L.R. Feldstein et al., 2020 0.554 0.482 0.624 1.464 0.143

Elizabeth M. Dufort et al., 2020 0.556 0.457 0.650 1.103 0.270

Khuen Foong Ng et al., 2020 0.875 0.266 0.993 1.287 0.198

0.542 0.460 0.622 0.998 0.318

-1.00 -0.50 0.00 0.50 1.00

Proportion

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Valuep-Value

Eva W. Cheung et al., 2020 0.529 0.303 0.745 0.242 0.808

Kathleen Chiotos et al., 20200.500 0.168 0.832 0.000 1.000

Julie Toubiana et al., 2020 0.762 0.540 0.897 2.270 0.023

Marion Grimaud et al., 20200.250 0.108 0.478 -2.127 0.033

Marie Pouletty et al., 2020 0.875 0.614 0.969 2.574 0.010

Lucio Verdoni et al., 2020 0.600 0.297 0.842 0.628 0.530

0.593 0.386 0.772 0.880 0.379

-1.00 -0.50 0.00 0.50 1.00

Proportion

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Eva W. Cheung et al., 2020 0.353 0.168 0.596 -1.194 0.232

Kathleen Chiotos et al., 2020 0.071 0.004 0.577 -1.748 0.081

Julie Toubiana et al., 2020 0.571 0.360 0.760 0.652 0.514

Marion Grimaud et al., 2020 0.100 0.025 0.324 -2.948 0.003

Marie Pouletty et al., 2020 0.375 0.179 0.623 -0.989 0.323

Zahra Belhadjer et al., 2020 0.600 0.433 0.747 1.175 0.240

Eléonore Blondiaux et al., 2020 0.250 0.034 0.762 -0.951 0.341

Elizabeth Whittaker et al., 2020 0.155 0.083 0.272 -4.673 0.000

Lucio Verdoni et al., 2020 0.100 0.014 0.467 -2.084 0.037

L.R. Feldstein et al., 2020 0.097 0.062 0.148 -9.006 0.000

Elizabeth M. Dufort et al., 2020 0.061 0.027 0.128 -6.507 0.000

Khuen Foong Ng et al., 2020 0.667 0.154 0.957 0.566 0.571

0.236 0.125 0.400 -2.998 0.003

-1.00 -0.50 0.00 0.50 1.00

Proportion

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Kathleen Chiotos et al., 2020 0.333 0.084 0.732 -0.800 0.423

Marie Pouletty et al., 2020 0.688 0.433 0.864 1.462 0.144

Elizabeth Whittaker et al., 2020 0.155 0.083 0.272 -4.673 0.000

Elizabeth M. Dufort et al., 2020 0.091 0.048 0.166 -6.586 0.000

0.261 0.086 0.572 -1.534 0.125

-1.00 -0.50 0.00 0.50 1.00

Proportion

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Eva W. Cheung et al., 2020 0.765 0.514 0.909 2.061 0.039

Kathleen Chiotos et al., 2020 0.929 0.423 0.996 1.748 0.081

Jonathan Miller et al., 2020 0.500 0.356 0.644 0.000 1.000

Christine A. Capone et al., 2020 0.758 0.585 0.874 2.805 0.005

Elizabeth Whittaker et al., 2020 0.500 0.374 0.626 0.000 1.000

Elizabeth M. Dufort et al., 2020 0.101 0.055 0.178 -6.554 0.000

0.552 0.293 0.785 0.372 0.710

-1.00 -0.50 0.00 0.50 1.00

Proportion

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Eva W. Cheung et al., 2020 0.471 0.255 0.697 -0.242 0.808

Kathleen Chiotos et al., 2020 0.167 0.023 0.631 -1.469 0.142

Marie Pouletty et al., 2020 0.563 0.324 0.775 0.499 0.618

Zahra Belhadjer et al., 2020 0.314 0.183 0.483 -2.143 0.032

Jonathan Miller et al., 2020 0.295 0.180 0.445 -2.630 0.009

Christine A. Capone et al., 2020 0.576 0.405 0.730 0.867 0.386

Shubhi Kaushik et al., 2020 0.121 0.046 0.282 -3.714 0.000

Elizabeth Whittaker et al., 2020 0.259 0.162 0.386 -3.512 0.000

Lucio Verdoni et al., 2020 0.200 0.050 0.541 -1.754 0.080

Elizabeth M. Dufort et al., 2020 0.303 0.221 0.400 -3.809 0.000

0.330 0.248 0.425 -3.432 0.001

-1.00 -0.50 0.00 0.50 1.00

Proportion

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Eva W. Cheung et al., 2020 0.412 0.210 0.648 -0.724 0.469

Kathleen Chiotos et al., 2020 0.667 0.268 0.916 0.800 0.423

Marie Pouletty et al., 2020 0.125 0.031 0.386 -2.574 0.010

Zahra Belhadjer et al., 2020 0.657 0.488 0.794 1.827 0.068

Jonathan Miller et al., 2020 0.250 0.144 0.397 -3.156 0.002

Christine A. Capone et al., 2020 0.515 0.349 0.678 0.174 0.862

Shubhi Kaushik et al., 2020 0.333 0.195 0.508 -1.877 0.061

Elizabeth Whittaker et al., 2020 0.207 0.121 0.330 -4.145 0.000

Elizabeth M. Dufort et al., 2020 0.404 0.312 0.503 -1.898 0.058

Khuen Foong Ng et al., 2020 0.667 0.154 0.957 0.566 0.571

0.388 0.284 0.503 -1.907 0.057

-1.00 -0.50 0.00 0.50 1.00

Proportion

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Eva W. Cheung et al., 2020 0.353 0.168 0.596 -1.194 0.232

Tristan Ramcharan et al., 2020 0.267 0.104 0.533 -1.733 0.083

Elizabeth M. Dufort et al., 2020 0.172 0.110 0.259 -5.904 0.000

0.231 0.141 0.356 -3.861 0.000

-1.00 -0.50 0.00 0.50 1.00

Proportion

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Julie Toubiana et al., 2020 0.095 0.024 0.311 -3.028 0.002

Marie Pouletty et al., 2020 0.063 0.009 0.335 -2.622 0.009

Elizabeth M. Dufort et al., 2020 0.040 0.015 0.103 -6.206 0.000

0.055 0.026 0.110 -7.315 0.000

-1.00 -0.50 0.00 0.50 1.00

Proportion

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Kathleen Chiotos et al., 2020 0.667 0.268 0.916 0.800 0.423

Jonathan Miller et al., 2020 0.159 0.078 0.298 -4.040 0.000

Christine A. Capone et al., 2020 0.697 0.523 0.829 2.199 0.028

Elizabeth Whittaker et al., 2020 0.224 0.135 0.349 -3.944 0.000

Elizabeth M. Dufort et al., 2020 0.101 0.055 0.178 -6.554 0.000

0.311 0.123 0.591 -1.340 0.180

-1.00 -0.50 0.00 0.50 1.00

Proportion
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showed 63% heterogeneity among studies, which was 

significant (Q-value=32, p=0.001, I
2
=63) (Table 7D). 

After including 12 studies, 59.9% (95% CI, 53%-

66%) of the patients had a skin rash. Cochran’s Q test 

showed 36% heterogeneity among studies, which was 

not significant (Q-value=17, p=0.10, I
2
=36) (Table 

7E). 

After including 3 studies, 30% (95% CI, 10%-62%) 

of the patients had skin desquamation. Cochran’s Q test 

showed 81% heterogeneity among studies, which was 

significant (Q-value=10.8, p=0.004, I2=81) (Table 7F). 

After including 13 studies, 54% (95% CI, 46%-

62%) of the patients had conjunctivitis. Cochran’s Q 

test showed 54% heterogeneity among studies, which 

was significant (Q-value=26.0, p=0.01, I2=54) (Table 

7G). 

After including 6 studies, 59% (95% CI, 38.6%-

77.2%) of the patients had cheilitis. Cochran’s Q test 

showed 67% heterogeneity among studies, which was 

significant (Q-value=15.21, p=0.009, I
2
=67) (Table 

7H). 

After including 12 studies, 23.6% (95% CI, 12.5%-

40%) of the patients had lymphadenopathy. Cochran’s 

Q test showed 85% heterogeneity among studies, which 

was significant (Q-value=74.24, p=<0.001, I2=85) 

(Table 7I). 

After including 4 studies, 26% (95% CI, 8.6%-

57%) of the patients had edema. Cochran’s Q test 

showed 87.7% heterogeneity among studies, which was 

significant (Q-value=24, p<0.001, I
2
=87.7) (Table 7J). 

After including 6 studies, 55% (95% CI, 29%-78%) 

of the patients had a shock. Cochran’s Q test showed 

91% heterogeneity among studies, which was 

significant (Q-value=56.7, p<0.001, I
2
=91) (Table 7K). 

After including 10 studies, 33% (95% CI, 25%-

42%) of the patients had neurologic symptoms, 

including headache, stiff neck, or vision change. 

Cochran’s Q test showed 59.84% heterogeneity among 

studies, which was significant (Q-value=22.41, 

p=0.008, I
2
=59.84) (Table 7L). 

After including10 studies, 38.8% (95% CI, 28%-

50%) of the patients had respiratory symptoms, 

including cough or dyspnea. Cochran’s Q test showed 

69.84% heterogeneity among studies, which was 

significant (Q-value=29.84, p<0.001, I2=69.84) (Table 

7M). 

After including3 studies, 23% (95% CI, 14%-

35.6%) of the patients had myalgia. Cochran’s Q test 

showed 36.7% heterogeneity among studies, which was 

not significant (Q-value=3.16, p=0.20, I2=36.7) (Table 

7N). 

After including 3 studies, 5.5% (95% CI, 2.6%-

11%) of the patients had arthralgia. Cochran’s  

Q statistics showed 0% heterogeneity among studies, 

which was not significant (Q-

value=1.05465020694151, p=0.59, I2=0) (Table 7O). 

After including 5 studies, 31% (95% CI, 12%-59%) 

of the patients had acute kidney injury. Cochran’s Q 

test showed 90.6% heterogeneity among studies, which 

was significant (Q-value=42.95, p<0.001, I2=90.68) 

(Table 7P). 

 

Cardiovascular Manifestations and Need for ICU 

Admission in COVID-19 Associated MIS-C Based 

on Random-effects Model 

After including 8 studies, 34.7% (95% CI, 27.1%-

43.1%) of the patients had normal left ventricular 

function. Cochran’s Q test showed 0% heterogeneity 

among studies, which was not significant (Q-

value=4.47, p=0.72, I2=0) (Table 8A). 

After including 8 studies, 65.3% (95% CI, 56.9%-

72.9%) of the patients had decreased Left ventricular 

function. Cochran’s Q statistics showed 0% 

heterogeneity among studies which was not significant 

(Q-value=4.47, p=0.72, I
2
=0) (Table 8B). 

After including of 3 studies, 56.9% (95% CI, 

40.3%-72.2%) of the patients had Myocarditis. 

Cochran’s Q test showed 56.2% heterogeneity among 

studies, which was not significant (Q-value=4.57, 

p=0.10, I2=56.2) (Table 8C). 

After including 10 studies, 19.9% (95% CI, 12.6%-

30%) of the patients had coronary artery dilation. 

Cochran’s Q test showed 52% heterogeneity among 

studies, which was significant (Q-value=18.8, p=0.027, 

I
2
=52) (Table 8D). 

After including 7 studies, 49.1% (95% CI, 39.5%-

58.9%) of the patients had pericardial effusion. 

Cochran’s Q test showed 0% heterogeneity among 

studies, which was not significant (Q-value=2.3, 

p=0.89, I2=0) (Table 8E). 

After including 6 studies, 37% (95% CI, 26%-49%) 

of the patients required non-invasive ventilation. 

Cochran’s Q test showed 62% heterogeneity among 

studies, which was significant (Q-value=13, p=0.02, 

I
2
=62.0) (Table 8F). 

After including 10 studies, 32% (95% CI, 20%-

48%) of the patients required invasive ventilation. 

Cochran’s Q test showed 78.88% heterogeneity among 
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studies, which was significant (Q-value=42.62, 

p<0.001, I
2
=78.88) (Table 8G). 

After including 7 studies, 76% (95% CI, 68%-

82.7%) of the patients were admitted to ICU. Cochran’s 

Q test showed 48.9% heterogeneity among studies, 

which was not significant (Q-value=11.69, p=0.069, 

I2=48.7) (Table 8H). 

 

History of Contact with COVID-19 Patients, Chest 

Imaging Abnormalities, and SARS-CoV-2 Testing 

in COVID-19 Associated MSI-C According to 

Random-effects Model 

After including 6 studies, 38% (95% CI, 17.2%-

64.7%) of the patients had a history of contact with 

COVID-19 patients. Cochran’s Q test showed 78% 

heterogeneity among studies, which was significant (Q-

value=22.99, p<0.001, I2=78) (Table 9A). 

 
 

 

 

Table 8. Forest plots of cardiovascular manifestations and need for ICU admission in coronavirus disease 2019 (COVID-19) 

associated MSI-C; using the binary random-effects method. Blue squares represent an individual study's effect; the square's 

size varies to reflect a particular study's weight. The blue horizontal lines represent CI's. The red diamond represents the 

overall or summary. A: Normal Left ventricular function prevalence in 8 studies. B: Decreased Left ventricular function 

prevalence in 8 studies. C: Myocarditis prevalence in 3 studies. D: Coronary artery dilation prevalence in 10 studies. E: 

Pericardial effusion prevalence in 7 studies. F: Non-invasive ventilation ratio in 6 studies. G: Invasive ventilation ratio in 10 

studies. H: ICU admission ratio in 7 studies 

 

A. 

 

B. 

 

C. 

 

D. 

 

E. 

 

F. 

 

G. H. 

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Eva W. Cheung et al., 2020 0.353 0.168 0.596 -1.194 0.232

Kathleen Chiotos et al., 2020 0.333 0.084 0.732 -0.800 0.423

Julie Toubiana et al., 2020 0.238 0.103 0.460 -2.270 0.023

Tristan Ramcharan et al., 2020 0.200 0.066 0.470 -2.148 0.032

Christine A. Capone et al., 2020 0.424 0.270 0.595 -0.867 0.386

Shubhi Kaushik et al., 2020 0.344 0.202 0.521 -1.737 0.082

Eléonore Blondiaux et al., 2020 0.250 0.034 0.762 -0.951 0.341

Lucio Verdoni et al., 2020 0.500 0.225 0.775 0.000 1.000

0.347 0.271 0.431 -3.470 0.001

-1.00 -0.50 0.00 0.50 1.00

Proportion

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Eva W. Cheung et al., 2020 0.647 0.404 0.832 1.194 0.232

Kathleen Chiotos et al., 2020 0.667 0.268 0.916 0.800 0.423

Julie Toubiana et al., 2020 0.762 0.540 0.897 2.270 0.023

Tristan Ramcharan et al., 2020 0.800 0.530 0.934 2.148 0.032

Christine A. Capone et al., 2020 0.576 0.405 0.730 0.867 0.386

Shubhi Kaushik et al., 2020 0.656 0.479 0.798 1.737 0.082

Eléonore Blondiaux et al., 2020 0.750 0.238 0.966 0.951 0.341

Lucio Verdoni et al., 2020 0.500 0.225 0.775 0.000 1.000

0.653 0.569 0.729 3.470 0.001

-1.00 -0.50 0.00 0.50 1.00

Proportion

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Valuep-Value

Julie Toubiana et al., 2020 0.762 0.540 0.897 2.270 0.023

Marie Pouletty et al., 2020 0.438 0.225 0.676 -0.499 0.618

Elizabeth M. Dufort et al., 20200.525 0.427 0.621 0.502 0.615

0.569 0.403 0.722 0.814 0.415

-1.00 -0.50 0.00 0.50 1.00

Proportion

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Kathleen Chiotos et al., 2020 0.167 0.023 0.631 -1.469 0.142

Julie Toubiana et al., 2020 0.238 0.103 0.460 -2.270 0.023

Tristan Ramcharan et al., 2020 0.467 0.241 0.707 -0.258 0.796

Marie Pouletty et al., 2020 0.188 0.062 0.447 -2.289 0.022

Zahra Belhadjer et al., 2020 0.171 0.079 0.333 -3.513 0.000

Eléonore Blondiaux et al., 2020 0.100 0.006 0.674 -1.474 0.140

Elizabeth Whittaker et al., 2020 0.138 0.071 0.252 -4.813 0.000

Lucio Verdoni et al., 2020 0.200 0.050 0.541 -1.754 0.080

Elizabeth M. Dufort et al., 2020 0.091 0.048 0.166 -6.586 0.000

Khuen Foong Ng et al., 2020 0.875 0.266 0.993 1.287 0.198

0.199 0.126 0.300 -5.011 0.000

-1.00 -0.50 0.00 0.50 1.00

Proportion

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Eva W. Cheung et al., 2020 0.471 0.255 0.697 -0.242 0.808

Julie Toubiana et al., 2020 0.571 0.360 0.760 0.652 0.514

Tristan Ramcharan et al., 2020 0.533 0.293 0.759 0.258 0.796

Shubhi Kaushik et al., 2020 0.469 0.306 0.639 -0.353 0.724

Eléonore Blondiaux et al., 2020 0.250 0.034 0.762 -0.951 0.341

Lucio Verdoni et al., 2020 0.400 0.158 0.703 -0.628 0.530

Khuen Foong Ng et al., 2020 0.667 0.154 0.957 0.566 0.571

0.491 0.395 0.589 -0.171 0.864

-1.00 -0.50 0.00 0.50 1.00

Proportion

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Kathleen Chiotos et al., 2020 0.333 0.084 0.732 -0.800 0.423

Marion Grimaud et al., 2020 0.550 0.336 0.747 0.446 0.655

Zahra Belhadjer et al., 2020 0.314 0.183 0.483 -2.143 0.032

Christine A. Capone et al., 2020 0.515 0.349 0.678 0.174 0.862

Shubhi Kaushik et al., 2020 0.364 0.219 0.537 -1.546 0.122

Elizabeth M. Dufort et al., 2020 0.232 0.160 0.325 -5.022 0.000

0.372 0.265 0.494 -2.054 0.040

-1.00 -0.50 0.00 0.50 1.00

Proportion
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After including 8 studies, 45.9% (95% CI, 34.1%-

58.2%) of the patients had abnormalities in chest 

radiography or computed tomography, including 

ground-glass opacity, interstitial abnormalities, or local 

patchy shadowing). Cochran’s Q test showed 23.66% 

heterogeneity among studies, which was not significant 

(Q-value=9.2, p=0.24, I
2
=23.66) (Table 9B). 

After including 14 studies, 36.8% (95% CI, 30.7%-

43.4%) of the patients had positive nasopharyngeal 

SARS-CoV-2 RT-PCR. Cochran’s Q test showed 40% 

heterogeneity among studies, which was not significant 

(Q-value=21.67, p=0.061, I
2
=40) (Table 9C). 

 

 

After including 14 studies, 77.3% (95% CI, 62.7%-

87.3%) of the patients had positive SARS-CoV-2 

serum serology. Cochran’s Q test showed 84% 

heterogeneity among studies, which was significant (Q-

value=82, p<0.001, I
2
=84) (Table 9D). 

 

Publication Bias  

Publication bias was assessed using a funnel plot. It 

is expected that in the absence of publication bias, 

studies distribute symmetrically about the combined 

effect size (Figure 2). 

 

Table 9. Forest plots of History of contact with coronavirus disease 2019 (COVID-19) patients, chest imaging abnormalities, 

and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) testing in COVID-19 associated MSI-C; using the 

binary random-effects method. Blue squares represent an individual study's effect; the square's size varies to reflect a 

particular study's weight. The blue horizontal lines represent CI's. The red diamond represents the overall or summary.A: 

History of contact with COVID-19 patient prevalence in 6 studies. B: Chest radiography or computed tomography 

abnormalities prevalence in 8 studies. C: Positive nasopharyngeal SARS-CoV-2 RT-PCR prevalence in 14 studies. D: Positive 

SARS-CoV-2 serum serology prevalence in 14 studies 

A. 

 

B. 

 
C. 

 

D. 

 

 

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Eva W. Cheung et al., 2020 0.028 0.002 0.322 -2.479 0.013

Kathleen Chiotos et al., 2020 0.500 0.168 0.832 0.000 1.000

Julie Toubiana et al., 2020 0.524 0.318 0.721 0.218 0.827

Tristan Ramcharan et al., 2020 0.267 0.104 0.533 -1.733 0.083

Marion Grimaud et al., 2020 0.400 0.214 0.620 -0.888 0.374

Zahra Belhadjer et al., 2020 0.629 0.460 0.771 1.504 0.133

Shubhi Kaushik et al., 2020 0.152 0.065 0.316 -3.548 0.000

Eléonore Blondiaux et al., 2020 0.250 0.034 0.762 -0.951 0.341

Elizabeth Whittaker et al., 2020 0.431 0.311 0.560 -1.047 0.295

Elizabeth M. Dufort et al., 2020 0.141 0.086 0.225 -6.253 0.000

0.325 0.202 0.479 -2.219 0.026

-1.00 -0.50 0.00 0.50 1.00

Proportion

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Eva W. Cheung et al., 2020 0.882 0.632 0.970 2.677 0.007

Julie Toubiana et al., 2020 0.810 0.588 0.927 2.604 0.009

Tristan Ramcharan et al., 20200.667 0.406 0.854 1.266 0.206

Marie Pouletty et al., 2020 0.438 0.225 0.676 -0.499 0.618

Christine A. Capone et al., 20200.788 0.617 0.895 3.082 0.002

L.R. Feldstein et al., 2020 0.796 0.732 0.848 7.476 0.000

Elizabeth M. Dufort et al., 20200.798 0.707 0.866 5.488 0.000

0.761 0.680 0.827 5.603 0.000

-1.00 -0.50 0.00 0.50 1.00

Proportion

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Eva W. Cheung et al., 2020 0.647 0.404 0.832 1.194 0.232

Kathleen Chiotos et al., 2020 0.071 0.004 0.577 -1.748 0.081

Tristan Ramcharan et al., 2020 0.200 0.066 0.470 -2.148 0.032

Marie Pouletty et al., 2020 0.750 0.492 0.903 1.903 0.057

Shubhi Kaushik et al., 2020 0.152 0.065 0.316 -3.548 0.000

Lucio Verdoni et al., 2020 0.500 0.225 0.775 0.000 1.000

0.382 0.172 0.647 -0.868 0.385

-1.00 -0.50 0.00 0.50 1.00

Proportion

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Kathleen Chiotos et al., 2020 0.833 0.369 0.977 1.469 0.142

Julie Toubiana et al., 2020 0.444 0.240 0.670 -0.470 0.638

Tristan Ramcharan et al., 2020 0.500 0.260 0.740 0.000 1.000

Marie Pouletty et al., 2020 0.313 0.136 0.567 -1.462 0.144

Shubhi Kaushik et al., 2020 0.333 0.195 0.508 -1.877 0.061

Eléonore Blondiaux et al., 2020 0.750 0.238 0.966 0.951 0.341

Lucio Verdoni et al., 2020 0.500 0.225 0.775 0.000 1.000

Khuen Foong Ng et al., 2020 0.875 0.266 0.993 1.287 0.198

0.459 0.341 0.582 -0.644 0.520

-1.00 -0.50 0.00 0.50 1.00

Proportion

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Eva W. Cheung et al., 2020 0.471 0.255 0.697 -0.242 0.808

Kathleen Chiotos et al., 2020 0.500 0.168 0.832 0.000 1.000

Julie Toubiana et al., 2020 0.381 0.203 0.598 -1.080 0.280

Tristan Ramcharan et al., 2020 0.133 0.034 0.405 -2.464 0.014

Marie Pouletty et al., 2020 0.563 0.324 0.775 0.499 0.618

Jonathan Miller et al., 2020 0.341 0.217 0.491 -2.073 0.038

Christine A. Capone et al., 2020 0.273 0.148 0.447 -2.509 0.012

Shubhi Kaushik et al., 2020 0.333 0.195 0.508 -1.877 0.061

Eléonore Blondiaux et al., 2020 0.100 0.006 0.674 -1.474 0.140

Elizabeth Whittaker et al., 2020 0.259 0.162 0.386 -3.512 0.000

Lucio Verdoni et al., 2020 0.200 0.050 0.541 -1.754 0.080

L.R. Feldstein et al., 2020 0.392 0.325 0.464 -2.910 0.004

Elizabeth M. Dufort et al., 2020 0.510 0.412 0.608 0.202 0.840

Khuen Foong Ng et al., 2020 0.333 0.043 0.846 -0.566 0.571

0.368 0.307 0.434 -3.871 0.000

-1.00 -0.50 0.00 0.50 1.00

Proportion

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Eva W. Cheung et al., 2020 0.529 0.303 0.745 0.242 0.808

Kathleen Chiotos et al., 2020 0.917 0.378 0.995 1.623 0.105

Julie Toubiana et al., 2020 0.905 0.689 0.976 3.028 0.002

Tristan Ramcharan et al., 2020 0.800 0.530 0.934 2.148 0.032

Marie Pouletty et al., 2020 0.875 0.463 0.983 1.820 0.069

Jonathan Miller et al., 2020 0.705 0.555 0.820 2.630 0.009

Christine A. Capone et al., 2020 0.200 0.093 0.379 -3.037 0.002

Shubhi Kaushik et al., 2020 0.818 0.650 0.916 3.333 0.001

Eléonore Blondiaux et al., 2020 0.900 0.326 0.994 1.474 0.140

Elizabeth Whittaker et al., 2020 0.870 0.739 0.940 4.333 0.000

Lucio Verdoni et al., 2020 0.800 0.459 0.950 1.754 0.080

L.R. Feldstein et al., 2020 0.457 0.387 0.529 -1.172 0.241

Elizabeth M. Dufort et al., 2020 0.987 0.914 0.998 4.303 0.000

Khuen Foong Ng et al., 2020 0.875 0.266 0.993 1.287 0.198

0.773 0.627 0.873 3.405 0.001

-1.00 -0.50 0.00 0.50 1.00

Proportion
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Figure 2. Funnel plot of study size (standard error) on the vertical axis by a function of effect size (logit event rate) on the 

horizontal axis. Studies were symmetrically distributed thus indicating the absence of publication bias 
 

DISCUSSION 

 

The new emerging coronavirus named SARS-CoV-

2 has affected more than eleven million individuals 

globally until sixth July 2020 and caused more than 

half a million deaths between January to July 2020. The 

prevalence of COVID-19 was lower and clinical 

manifestations were milder in childhood compared to 

adulthood.
2
 Nevertheless, after a few weeks of the peak 

of COVID-19 prevalence, some reports of new 

presentations in children emerged. These children were 

presented with Kawasaki like disease manifestation. 

Unlike the Kawasaki disease, COVID-19 infected 

patients who presented with Kawasaki like symptoms 

were older and were more likely to have respiratory, 

gastrointestinal, and cardiac involvement beside 

marked lymphopenia, thrombocytopenia, and elevated 

levels of serum ferritin and markers of cardiac 

involvement.
7
 Gradually more cases were reported and 

raised concerns about this new presentation. Herein we 

aimed to analyze different presentations of this 

multisystem inflammatory syndrome.    

This meta-analysis was based on sixteen studies, 

that were conducted on pediatric patients with clinical 

and laboratory evidence of COVID-19 associated MIS-

C. Among these patients, 77% were seropositive, and 

37% had a positive result of SARS-Cov-2 PCR.   

The current meta-analysis revealed that MIS-C was 

more prevalent but not statistically significant in male 

children compared to females (54% and 46% 

respectively). This finding was similar to other reports 

of a slight male predominance in children with critical 

COVID-19 disease.
25-27 

The current meta-analysis 

found that 34% of the patients were Hispanic and 23% 

were white. Spread rate and complications may be 

different between various ethnicities due to differences 

in behaviors, communications, preexisting conditions, 

socioeconomic factors, access to health care, and so on. 

Data about ethnic disparities in severe cases of 

COVID-19 are very limited, and to date, there was no 

report about the effect of ethnicity on the outcomes of 

COVID-19.
27,28 

The analysis revealed that 28% of 

affected patients were overweight, and 38% had close 

contacts with COVID -19 patients. These parameters 

might be affected by ethnicity and lifestyle. On the 

other hand, with the worldwide spread of COVID-19, 

hand hygiene and staying at home were introduced as 

the best ways of infection prevention. This sedentary 

lifestyle can increase weight gain and may worsen 

preexisting conditions.
29,30

 

Kawasaki disease is among the most prevalent 

vasculitis in childhood. Kawasaki disease is classically 

presented with fever (more than five days) and at least 

four clinical signs and symptoms including bilateral 

non-purulent conjunctivitis (80-90%), the involvement 

of oropharyngeal mucus membrane (80-90%), changes 

in peripheral extremities (80%), skin rash (more than 

90%) and at least one cervical lymph node larger than 

1.5 centimeters (50%). The prevalence of Kawasaki 

disease is higher in individuals of Asian and Pacific 

Island ancestry, but its incidence rate is lowest in white 

children. Kawasaki disease often occurs in children 

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

0.0

0.5

1.0

1.5

2.0
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Funnel Plot of Standard Error by Logit event rate
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younger than five years old and is more prevalent in 

boys compared to girls.
31-33 

Similarly, a slight male 

predominance was found in MIS-C. Despite several 

reports of higher mean age of affected individuals, the 

current meta-analysis could not find such a 

predominance, because unfortunately, all studies 

reported age as Median and Interquartile range (IQR), 

which could not be meta-analyzed. Another factor that 

is expected to have an essential role in the 

pathogenicity of MIS-C is the human leukocyte antigen 

(HLA). To the best of our knowledge, till the time this 

article was prepared, no studies assessed HLA typing in 

COVID-19 patients. 

Fever is the hallmark of Kawasaki disease and, 

without fever, the diagnosis of this disease is 

questioned. The current meta-analysis revealed that 

fever occurred in more than 97% of the COVID-

associated MIS-C patients. It seems that fever is also 

one of the main criteria of COVID-19 associated MIS-

C. Maculopapular or polymorphous skin rash occurred 

in about 60% of the patients. The frequency of this 

dermatologic presentation was lower than its 

prevalence in Kawasaki disease. The findings of the 

current meta-analysis revealed that conjunctivitis was 

less prevalent in COVID-19 associated MIS-C 

compared to Kawasaki disease (54% and 80% 

respectively). Similar findings were also found for 

cervical lymphadenopathy (23% in COVID-19 

associated MIS-C and 50% in Kawasaki disease).34 

Among the abnormalities in peripheral extremities, 

including edema (26%), which was mostly in 

extremities, and skin desquamation (23%), Both of 

these presentations are more common in Kawasaki 

disease compared to COVID-19 associated MIS-C.
32 

Based on the findings of the current meta-analysis, 

oropharyngeal mucous membrane involvement 

occurred in nearly 60% of children, which seemed to be 

lower than the frequency of oropharyngeal mucous 

membrane involvement in classical Kawasaki disease 

(80%).
32

 

The current meta-analysis found that respiratory 

system signs and symptoms occurred in 39% of the 

patients, while respiratory system involvement in 

computed tomography or chest X-ray occurred in 46% 

of COVID-19 associated MIS-C patients. This finding 

was similar to Kawasaki disease, in which cough, 

rhinorrhea, and hoarseness frequently occur. The 

prevalence of these findings was approximately 35% of 

Kawasaki patients. However, because of COVID-19 

infection, we expect a higher frequency of respiratory 

symptoms. It may be due to the higher prevalence of 

upper rather than lower airway presentations in 

children.
32,34,35

 

The current meta-analysis found that 33% of 

COVID-19 affected children had some neurologic 

symptoms, including headache, neck stiffness, and 

vision changes. The common presentations of 

neurologic involvement in classical Kawasaki disease 

are irritability, which is probably due to aseptic 

meningitis. This presentation is also uncommon in 

COVID-19 infection. Although sensory deficits in the 

peripheral nervous system, including impairment in 

smell and taste senses, have been reported frequently in 

adult patients, these manifestations were rarely reported 

among children.
36

 However, some reports have stated 

that the neurologic involvement was present in about 

30% of SARS-CoV-2 affected individuals. These 

presentations may include headache, malaise, seizure, 

ischemic stroke, cerebral hemorrhage, and impaired 

consciousness.37,38 The exact mechanism of neurologic 

involvement is unknown, but a possible hypothesis is 

the direct virus insult or damage secondary to 

hypoxemia due to lung involvement. Considering the 

potential neuroinvasive capability of the SARS-CoV2 

virus, we can propose that it is essential to monitor 

COVID-19 patients for short and long-term 

neuropsychiatric consequences.
36

 

Gastrointestinal tract involvement occurs in 

approximately 20-35 % (and to 61 % in some reports) 

of children with Kawasaki disease, but the current 

meta-analysis revealed that gastrointestinal 

abnormalities occurred in 80% of COVID-19 patients. 

These symptoms included abdominal pain, vomiting, 

and diarrhea. Several hypotheses suggest that the 

gastrointestinal presentation of Kawasaki disease is 

among risk factors for IVIG unresponsiveness and 

worse outcome in the coronary artery. The exact 

mechanism for this finding is unknown but the possible 

mechanisms may include delay in diagnosis and IVIG 

administration.34,39 

The current meta-analysis revealed that 

approximately 55% of COVID-19 associated MIS-C 

had signs and symptoms of shock during the disease. 

The majority of these patients required vasopressors. 

Half of the patients had pericardial effusion, and 57% 

had myocarditis. Coronary dilation occurred in 20% of 

affected patients. Sixty-five percent had decreased left 

ventricular function, and 35% had a normal left 
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ventricular function.  

However, patients with classical Kawasaki disease 

in at least one third to half of the cases had early 

myocarditis. This complication usually has a good 

prognosis and responds to IVIG administration. Most 

of the cardiac dysfunctions are the consequence of 

severe coronary artery involvement. Coronary artery 

aneurism occurs in about 25% of untreated patients. 

However, coronary artery aneurism usually develops in 

the disease course. Therefore, coronary artery dilation 

could be more prevalent if COVID-associated MIS-C 

patients were followed up. Recently there is much 

concern about Kawasaki disease shock syndrome 

(KDSS), which may occur in subsequent coronary 

artery abnormalities or decreased left ventricular 

function.
32 

Based on the findings of a study the 

prevalence of KDSS was 7%.40 The observed higher 

frequency of cardiogenic shock in COVID-19 

associated MIS-C patients may be associated with 

simultaneous COVID-19 infection. Current data 

suggest that SARS-Cov-2 can be localized in organs 

other than the lungs.
41

 

On the other hand, the involvement of different 

organs is possible as a result of medium-vessel 

vasculitis in Kawasaki disease. Kidney involvement 

was reported in multiple surveys.  In one study, acute 

kidney injury was reported in 28% of patients, and at 

least half of Kawasaki patients developed renal 

involvement with nuclear imaging techniques.42 On the 

other hand, acute kidney injury occurs frequently in 

COVID-19 patients and maybe associated with 

respiratory and cardiac involvement.
43

 Our analysis 

revealed that 31% of COVID-19 associated MIS-C 

patients had acute kidney injury. Kidney injury may 

indicate poor prognosis in these patients.  

COVID-19 associated MIS-C may explain a 

worsened condition and ICU admission. Among the 

included population, 37% needed noninvasive 

ventilation, while 32% needed invasive ventilation. The 

included papers reported 8 patients deceased during the 

follow-ups. Therefore, the mortality rate was 1.33%. 

Acute phase reactants, peripheral blood smear, and 

absolute lymphocyte count, cytokine level, and other 

laboratory findings can be very helpful in diagnosis and 

determining the prognosis of COVID-19 associated 

MIS-C. However, due to the space limitation in writing 

the paper, all the collected data could not be presented 

in one paper. The remaining data will be discussed in 

another review article. Furthermore, different protocols 

have been suggested for therapeutic propose in 

COVID-19 associated MIS-C patients; however, none 

of these protocols have yet been validated.   

Finally, According to the current meta-analysis on 

current evidence, we can conclude that SARS-CoV-2 

infected patients that have the combination of fever and 

mucocutaneous involvements, similar to which we find 

in Kawasaki disease, and multiple organ dysfunction 

are probable findings in COVID-19 associated MIS-C. 

Gastrointestinal and cardiovascular involvement is 

among the most prevalent organ dysfunctions in such 

cases. Therefore, echocardiography should be 

considered in pediatric patients with evidence of 

SARS-CoV-2 infection, with clinical and paraclinical 

manifestations of multi-organ involvement. These 

patients are susceptible to develop cardiac 

complications. It is crucial to diagnose cardiac 

complications as soon as possible, as this may lead to 

an improvement in prognosis. 
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