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ABSTRACT

Background: The associated multisystem inflammatory syndrome in children (MIS-C) with
coronavirus disease (COVID-19) is a novel syndrome that has phenotypic similarity to Kawasaki
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Methods: PubMed and Embase databases were searched from inception to July 3, 2020. A total

of 39 studies involving 799 participants were included in the review. Critical appraisal of included
studies was done using Joanna Briggs Institute Critical Appraisal Checklist for studies reporting
prevalence data. A narrative synthesis was performed through descriptive summaries of
demographic variables, clinical features, investigations, treatment details, and clinical outcomes.

Results: The main complaints of the patients were fever (96.4%) followed by gastrointestinal
symptoms. Serological evidence of preceding severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infection was documented in 79.1% of the participants. Ventricular dysfunction
(50.2%) was the most common echocardiographic finding. Intensive care was required for
77% of included participants, with 27.2% being mechanically ventilated. Also, 78.1% of the
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1. Introduction

everal cases of a new kind of pneumonia
were identified in Wuhan City, China, in 2019.
This new disease is now a pandemic and a
global health catastrophe. The World Health
Organization (WHO) designated the disease
as coronavirus disease (COVID-19), caused
by a novel severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) (1). In initial reports, the
morbidity of this disease was relatively mild in children
and adolescents compared to the adult population (2).
However, since late April 2020, several cases have been
reported of children presenting with circulatory shock
and systemic inflammation, with phenotypic similar-
ity to Kawasaki disease (KD) and toxic shock syndrome
(TSS). The first cases were reported from the United
Kingdom as a series of eight previously healthy children
presenting with hyperinflammation and cardiovascular
shock (3), followed by similar reports from other parts
of Europe and the United States of America.

A case definition for this emerging hyperinflammatory
disorder was formulated by The Royal College of Pedi-
atrics and Child Health (RCPCH) in late April and was
provisionally named pediatric inflammatory, multisys-
tem syndrome temporally associated with SARS-CoV-2
(PIMS-TS) (4). Later, in May 2020, following a health alert
issued by the New York State Department of Health, the
Centers for Disease Control and Prevention (CDC) issued
a clinical case definition and designated this syndrome as
the multisystem inflammatory syndrome in children (MIS-
C) associated with COVID-19 (5). WHO has also developed
a preliminary case definition and case report form for this
multisystem inflammatory disorder in children and ado-
lescents (6). Case definitions of this pediatric inflamma-
tory disorder, given by RCPCH, CDC, and WHO, have been
summarized in supplementary Table 1. There have been
heterogeneous reports of MIS-C in the form of case re-
ports or small case series. The lack of comprehensive
clinical data describing the complete clinical spectrum,
treatment options, and outcome of children and young
adults under 21 years of age suffering from MIS-C has
prompted this review.

2. Materials and Methods

This rapid review was initiated after registering the
protocol in the International Prospective Register of
Systematic Reviews (PROSPERO) database with registra-
tion No. CRD42020190751. This review was conducted
following Cochrane guidance on Rapid Reviews (7) and
reported in accordance with the Preferred Reporting

Journal of Pediatrics Review

Items for Systematic Reviews and Meta-analyses (PRIS-
MA) guidelines (8) (Table 2).

Study objectives

The primary objective of this review was to system-
atically review the clinical characteristics, treatment
options, and outcomes of MIS-C or KD-like hyperinflam-
matory states in children and young adults with COV-
ID-19 infection.

Search strategy

Two authors independently searched PubMed and
Embase databases from inception to July 3, 2020. The
search was limited to publications in the English lan-
guage. The search strategy consisted of CDC suggested
COVID-19 search terms (9) along with a combination
(using Boolean operator AND) of keywords and their
corresponding Medical Subject Headings (MeSH).

Novel coronavirus
Multisystem inflammatory syndrome in children
Kawasaki disease

Details of the search strategy used for PubMed and Em-
base databases are presented in supplementary Table 3.

Eligibility criteria

Search results were uploaded to Rayyan web ap-
plicationand no single method fulfills the principal re-
quirements of speed with accuracy. Automation of
systematic reviews is driven by a necessity to expedite
the availability of current best evidence for policy and
clinical decision-making., We developed Rayyan (http://
rayyan.qcri.org (10) for screening by two authors inde-
pendently. We included all types of studies, including
longitudinal studies, case series, case reports, or corre-
spondences from all clinical settings reporting clinical-
epidemiologic characteristics of MIS-C or KD-like illness
in children and young adults up to the age of 21 years
in the review. A third author screened all excluded re-
cords. Any disagreements regarding eligibility for inclu-
sion were resolved by consensus.

Critical appraisal

Critical appraisal and assessment of the risk bias in in-
cluded studies were done by all authors independently
using Joanna Briggs Institute Critical Appraisal Checklist
for studies reporting prevalence data (11).
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Data extraction

Individual study data were extracted in a pre-designed
format in Microsoft Excel by two authors independent-
ly. Study details included first author, location of study,
study design, study period, demographic variables, clini-
cal features, details of laboratory, radiological and other
investigations, treatment details, and outcomes. Any
disagreements related to collated data were resolved
by consensus after discussion with the third author.

Data synthesis

Synthesis of included studies was performed through
descriptive summaries (usually as a percentage) of de-
mographic variables, clinical features, investigations
performed, treatment details, and clinical outcomes.

3. Results
Search results and critical appraisal

A total of 408 records were identified using the search
mentioned above strategy. After excluding duplicate
records, the title and abstracts of 301 articles were
screened. In the initial screening of title and abstracts,
94 full-text articles were assessed for eligibility, and 55
articles were excluded. Of these rejected studies, 41
were reviews, correspondences, or editorials with no
individual patient data; 13 studies did not meet the in-
clusion criteria for this review, and one study was ex-
cluded because it was in the Swedish language. Then,
39 remaining articles (3, 12-50) were subjected to criti-
cal appraisal using Joanna Briggs Institute Checklists and
were included for qualitative synthesis after confirming
their methodological rigor.

Included studies

Twenty out of 39 included studies were from Europe,
7 studies from the UK and 7 from France, and 16 stud-
ies from the USA. Three case reports from India and 1
case report from Israel were also included. Of the 39
included studies, 16 were case reports, 9 case series, 10
retrospective observational studies, and 4 prospective
observational studies or surveillance studies. The study
period of most of the included studies ranged from
March to April 2020, with Verdoni et al. (38) reporting
data from as early as February 2020 (Table 1).

Demography

A total of 39 studies were included in this rapid review,
constituting 799 participants with 446 males (55.8%).
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Feldstein et al. (44) and Belot et al. (26) studies were
the largest studies in terms of participants, with 186 and
108 participants, respectively. The median age of par-
ticipants in both studies was 8 years. Similar median age
was reported by other included studies (3, 16, 23, 34).
The youngest participant was a 4-month-old baby re-
ported by Acharyya et al. (36), while in studies by Miller
et al. (32) and Riollano-Cruz et al. (49), the maximum
age of included participants was 20 years. Ancestry or
racial characteristics were reported in 16 of 39 studies.
Many studies from the USA and the UK documented an
increased incidence of MIS-C in Black/Afro-American/
Non-Hispanic races compared to other races or ethnici-
ties (3, 13, 17, 24, 28, 34, 39, 44, 45).

Clinical features

Fever was a ubiquitous presenting feature in 96.4%
(667/692) of patients. Respiratory symptoms were
reported in 28 studies comprising 589 patients. Run-
ny nose, sore throat, or cough was reported in 10%
(59/589) of patients, while dyspnea was relatively more
common and affected 33% of the patients (194/589).
Gastrointestinal symptoms were the most common
extra-pulmonary systemic feature of MIS-C. More than
50% of the participants in 25 of the 39 included studies
presented with either abdominal pain, vomiting, or di-
arrhea. Neurocognitive features were present in 27.1 %
of patients (162/597).

Amongst the symptoms characteristic of KD, rash and
non-purulent conjunctivitis were most common, seen
in 58.8% (374/635) and 59.9% (377/629), respectively.
Other KD-like symptoms were lip/oral changes in 42.4%
(242/570) of patients, extremity changes in 32.3%
(135/417) of patients, and cervical lymphadenopathy
in 17.95% (88/490) patients. More than half of the chil-
dren in the hyperinflammatory state developed circula-
tory insufficiency, as 53% (358/668) of patients devel-
oped shock.

Comorbidities were reported in the participants of
12 of the 39 included studies. Obesity was the com-
monest comorbidity, seen in 113/581 (19.4%), asthma
in 54/581 (9.2%), and various comorbidities in 49/581
(8.4%) patients.

Laboratory investigations

Table 3 summarizes the median values of laboratory
investigations. Blood counts trends were non-specific.
Out of 25 studies reporting median white cell counts, 14
showed trend towards leukocytosis (13, 14, 16-19, 21,
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Table 1. Demographic variables

Lead Au- Coun- Total Par-

Type of Stud Study Time .. Age Male Female Race
thor try yp Y y ticipants ge (v)
Jones(12) TheUSA  Case report Not m’;‘;rted 1 0.5 1 0 NR
Black/not Hispanic or
Chiotos (13)  The USA Case series NR 6 7.5 (5-14) 1 5 Lelstug - el e
Hispanic or Latino-2,
Unknown -2
Labé (14) France Case report NR 1 3 1 0 NR
Afro- Caribbean
Riphagen (3)  The UK Case series April 2020 8 8 (4-14) 5 3 -6, Asian-1, Middle
Eastern-1
Leon (15) The USA Case report NR 1 6 0 1 NR
Balasurama- 0 Case report NR 1 8 1 0 NR
nian (16)
. Rivera- The USA Case report NR 1 5 1 0 African-American
Figueroa (17)
. Retrospective
Belhadjer . March 22 to
(18) France observational April 30, 2020 35 10 18 17 NR
study
Chiu (19) The USA Case report NR 1 10 1 0 NR
Schnapp (20) Israel Case report NR 1 16 1 0 NR
Greene (21)  The USA Case report NR 1 11 0 1 NR
Dolinger (22) The USA Case report NR 1 14 1 0 NR
Retrospective Ashkenazi Jewish:6;
. April 18 to White, Non-Hispanic:2;
Cheung (23) The USA obsirt'\L/ja:jtlonal May 5, 2020 17 8(1.8-16) 8 9 White, Hispanic:4;
Y Black:4; Asian:1
Whittaker . March 23 to Black:22 Asian:18;
(22) England Case series May 16, 2020 58 9(0.25-17) 25 33 White:12; Others:6
B'°(”2‘;';‘”X France Case series April 2020 4 9 (6-12) 1 3 NR
) March 1 to 8 (IQR:
Belot (26) France Surveillance May 17, 2020 108 5-11) 53 55 NR
Retrospective 10
Pouletty (27)  France P April 2020 16 (IQR:4.7- 8 8 NR
cohort
12.5)
Retrospective . . African/Afro-Caribbe-
Ran};g)aran The UK observational @:”;1%;0 15 :f_&l?g‘) 11 4 an:6; South Asian:6;
study Y2 ! ’ Mixed:2; Other:1
Waltuch (29) The USA Case series May 2020 4 11 (5-13) 3 1 NR
Rauf (30) India Case report Late April 2020 1 5 1 0 NR
Retrospective . . Hispanic or Latino: 15;
Kaushik(31) TheUSA  observational P 2310 33 12_(13;" 20 13 Black:13; White: 3;
study V23, Asian:1; Other:1
e White, Non-Hispanic:
. . April 18 to 7.3(0.58 9; Black/African-Amer-
Miller (32) The USA Obsi:\llj?jt;onal May 22, 2020 44 -20) 20 24 o -

Unknown/Declined: 11
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Lead Au- Coun-

Total Par-

Type of Stud Study Time .. Age Male Female Race
thor try yp v v ticipants ge (v)
Yozgat (33)  Turkey Case report NR 1 3 0 1 NR
. Prospective . L Ancestry: Sub-Saharan
enbiana France observational Al 27/ 21 e 9 12 Africa/Caribbean: 12;
(34) May 15, 2020 16.6) .
study Asia: 3
Retrospective .
Grimaud (35)  France observational AF.)HI 15to 20 10 (2.9-15) 10 10 NR
April 27,2020
study
Acharyya .
(36) India Case report NR 1 0.38 1 0 NR
Liccaiardi April 14 to
(37) Italy Case report April 18, 2020 2 9.5(7-12) 2 0 NR
Retrospective
. . February 18 to #7.5(SD:
Verdoni (38) Italy observational April 20, 2020 10 3.5) 7 3 NR
study
. April — May Afro-American: 2;
Ng (39) The UK Case series 2020 3 16 (13-17) 2 1 Asian Indian: 1
e White:3; Black:8;
A April 17 to Asian:3; Others/Mul-
Capone (40) The USA observational May 13, 2020 33 8.6(2.2-17) 20 13 tiracial-15; Unknown/
study X
Declined: 12
Abdel-Man- . March 1 to South Asian: 2; Afro-
nan (41) The UK Case series May 8, 2020 4 12 (8-15) 2 2 American: 2
Bapst (42) s"gt:gr' Case report April 2020 1 13 1 0 NR
Rodriguez-
Gonzalez Spain Case report NR 1 0.5 1 0 NR
(43)
White, Non-Hispanic:
Prospective & 35; Black, Non-
Feldstein retrospective March 15 to 8.3(3.3- Hispanic: 46; Hispanic
(44) i R surveillance May 20, 2020 e 12.5) 13 e or Latino: 57; Other
study race, Non-Hispanic: 9;
Unknown: 41
March 1 to White: 29 (37%), Black:
Dufort (45)  The USA Surveillance Mav 10, 2020 99 53 46 31 (40%), Asian:4 (5%),
Y 10, 200 Others:14 (18%)
Dasgupta South . African American/
(46) Dakota Case report April 2020 1 8 0 1 Caucasian
Perez-Toledo . April 28 to
(47) The UK Case series May 8, 2020 8 9(7-14) 5 3 NR
. April 14 to
Hameed (48) The UK Case series May 9, 2020 35 11 (IQR 8) 27 8 NR
. Retrospective . 12 (Mean)
Riollano The USA observational April 24 to 15 3-20 years 11 4 Hispanic or Latino: 10
Cruz (49) June 19, 2020
study (Range)

23, 24, 34, 36, 39, 43, 46). All 22 studies reporting me-
dian lymphocyte count had lymphopenia except 3 stud-
ies (15, 30, 46). In 6 case reports, children with features
of MIS-C were anemic (1-17, 33, 36, 43) while median
hemoglobin value was less than 11 g/dL in 3 other stud-
ies (24, 34, 46).

For documenting the underlying hyperinflammatory
state, 35 studies reported median C-reactive protein
(CRP) values raised in all except the French study by
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Leon et al. (15). The median value of other inflamma-
tory markers was reported high in all reporting studies.
These markers included procalcitonin (PCT) (19 studies),
serum ferritin (28 studies), D-dimer (25 studies), and In-
terleukin (IL)- 6 (12 studies).

Underlying cardiac dysfunction associated with MIS-C
was documented through measurement of cardiac mark-
ers like troponin (25 studies) and pro-BNP (pro-brain na-
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Table 2. Clinical features

No.(%) No.(%) No.(%)
Respiratory Symp- Gastrointestinal Symp- A A
] P y symp ymp o Features of Kawasaki Disease Co-morbidities
5 toms toms 2
) 2 c
|m 9= mVu.. > £ Wo < = n .km
< = 3 o 2 © Q - oz £ <
2 s % 85, § & 2 3 g - §5g Ezx 2z €8 © & g ¢
° 2 2 8 £ £ z L 28 T2 25 E£&= & % =
3 9 a a > & 20 S3§ § J°C ] <
o < o - o ® m S
- < o
Not
Jones (12) 1 1(100 0 1(100  reported  NR 0 1(100%)  1(100) 1(100) 0 1(100)  1(100) 0 NR NR NR
(NR)
Chiotos (13) 6 6(100) NR 4(67) 4(67) 5(83) 2(33) 2(33) 3(50) 0 2(33)  22(33) 6(100) NR NR 0
Labé (14) 2 1(50) 0 0 0 0 0 NR 1(50) 1(50) 1(50)  1(50) 1(50) 0 NR NR NR
0 2(25)
Riphagen (3) 8 8(100) 3(38) 7(88) 7(88)  4(50)  6(75) NR 4(50) NR NR  5(63) 8(100) 0 0  (Autsmi;
Hay-fever-1)-
Leon (15) 1 1(100) 1(100) 1(100) 0 0 0 1(100) 1(100) 0 0 1(100)  1(100) 1(100) NR NR NR
mm:_wumum 1 1(100) 1(100) 1(100) 0 0 0 NR 1(100)  1(100) NR  1(100)  1(100)  1(100) NR NR NR
Rivera-
Figueroa (17) 1 1(100) NR 1(100) 1(100) NR 1(100) NR 1(100) 1(100)  1(100)  1(100) NR 1(100) NR NR NR
Total comor-
_ bitity- 28%
Belhadjer (18) 35 35(100) 15 (43) 23(66) 29(83) 11(31)  20(57) 19(54)  21(60)  31(89) NR 28(80) 6(17)  3(9) Lupts-1
(3 %)
Chiu (19) 1 1(100) 1(100) 0 1(100) NR 0 0 1(100) 1(100) 0 1(100) NR 1(100) NR NR NR
Schnapp (20) 1 1(100) NR NR NR NR 1(100) NR 1(100) NR NR NR NR 1(100) NR NR NR
Greene (21) 1 1(100) 1(100) NR NR NR 1(100) NR 1(100) 1(100) 0 NR NR 1(100) 0 0 0
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No.(%) No.(%) No.(%)
Respiratory Symp- Gastrointestinal Symp- .. L
] P y symp ymp o Features of Kawasaki Disease Co-morbidities
S toms toms =
m .m- S .mb -
o 9 [ c 1 Q
= 2 o 2 ® ] = 5> £ 2
: £ % &£ s g g 5 ¢ g ET 25 &g “° z g ¢
fc L d = < £ e 3 = . w =g t£3H £ oo G £ %
5 52 2 5 E £ 2 E S5 geg 85 £5 8 F g
= W 2 < 4= 5 £ e« w® 85 235 £8 2 B F
3 ° A a S .M =i S 3 m < S © o <
O £ o - g ©® =8
< o
Perianal
Dolinger (22) 1 1(100) NR NR NR NR 1(100) NR 1(100) NR 0 NR NR 1(100) NR NR Crohn’s
disease
Cheung (23) 17 17(100) 7(41) 15(88) 8(31) 12(71) 9(53) 6(35)  11(65)  3(18) 13(76) 0 3(18) 0
Whittaker (24) 58 58(100) 12(21) 30(52) 26(45) 31(53)  20(34)  30(52)  17(29)  9(16)  26(45)  9(16) 27(47) 0 3(5) 4(7)
Blondiaux (25) 4 4(100) 0 0 2 4 2 NR 4 2 1 2 NR 3 NR NR NR
Belot (26) 108 NR NR NR NR NR NR NR 66 (61) NR NR NR NR
Pouletty (27) 16 16(100) 2(13) 13(81) 9(56) 13(81) 14(88) 6(38) 15(94) 11(69) 11(69) 0 2(13) 4(25)
x%m%a: 15 15(100) NR NR 13(87) NR 8(53) NR NR NR NR
1(25) (Hypo-
Waltuch (29) 4 4(100) 2(50) 1(25) 3(75)  3(75)  3(75) 1(25) 2(50) 41000 1025 3(75) 2(50) 4(100) 0 1(25) thyroidism)
Rauf (30) 1 1(100) NR NR 1(100) NR 1(100)  1(100) NR NR NR  1(100)  1(100) 1(100) 0 0 0
2 2(6);
9 Kaushik (31) 33 31(100) NR 11(33)  16(48)  23(33) 21(70)  4(12) 14(42) 7(21) NR  12(36) NR 21(64)  4dover- 0 0
> weight
&
9 Miller (32) 44 44(100) NR 11(25)  18(41)  25(57)  33(75)  13(30)  31(70)  23(52) NR 23(52) NR 22(50)  1637) MR NR
.m Yozgat (33) 1 1(100) 0 0 0 0 0 0 1(100)  1(100) 0 1(100)  1(100) 1(100) NR NR NR
S . 21(100)
S Toubiana (34) 21 1 NR NR 12(57)  16(76)  16(76)  12(57) 17(81)  10(48)  12(57) NR NR NR
s
IS Grimaud (35) 20 20(100) NR NR 20(100)  20(100) 20(100)  5(25) 10(50) 5(25) 2(10)  6(30) NR 20(100) 0 0 0
N
S
(S
J
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No.(%) No.(%) No.(%)
Respiratory Symp- Gastrointestinal Symp- . .
2 P ry symp ymp o Features of Kawasaki Disease Co-morbidities
< toms toms £
) 2 c
|m = mVu > £ cOD < = un m
: £ & &€ g g 2 £ 9 5, 22 5§ 2, 3 .
pu— w2 o [} () =] © = = oo S © S B E—f] 1 £ 4
8 =£38 s £ £ £ 3 2 s =g 5% §£° 2 £ o
° TR @ = £ € 2 & ° s s 2 a5 2 o 2 s
3 2 = S Lc 23 L3 £ ° 2 o
39 A o S .m 2 c > o m < o ©
o < Qo = g ©® =8
= < (9}
Acharyya (36) 1 1(100) NR NR NR NR NR 1(100)  1(100)  1(100)  1(100)  1(100)  1(100) 0 NR NR NR
Liccaiardi (37) 2 2(100) 2(100) 2(100)  2(100)  2(100) NR 2(100)  2(100) NR  2(100)  2(100) 1(50) NR NR  PFAPA:1(50)
Verdoni (38) 10 10(100) NR NR 6(60) NR NR 4(40) 6(60) 6(60) 1(10)  7(70) 5(50) 5(50) NR NR NR
Ng (39) 3 3(100) 2(67) 267)  3(100)  3(100)  3(100)  2(67) 2(67) 1(33) 267)  3(100) NR 3(1000  1(33) MR NR
13 (39);
Capone(40) 33 33(100) 17(52) 32(97) 19(27) 21(64) 25(76)  Over  5(15) 26)
weight: 2
Abdel-Man-
nan (41) 4 4(100) NR 2(50) NR 4(100) 1(25)  4(100)  4(100) NR NR NR NR  4(100) 1(25) NR NR
Bapst (42) 1 1(100) NR NR NR NR 1(100) NR 1(100) NR NR  1(100)  1(100) NR NR NR NR
Rodriguez- .
Gonzalez (43) 1 1(100) 1(100) 1(100) 0 0 0 1(100) 0 0 0 0 0 1(100) 0 0  SBS:1(100)
Feldstein (44) 186  186(100) NR 109(59) 171(92) 12(6) 11059  78(42) 18(10) 133(72) 69(37) 90(48)  45(24) mww 18(10)
Dufort (45) 99 99(100) 31(31) 19(19)  49(49)  57(58)  60(60)  30(30)  59(60) 27(28) 6(31) 5556) 9(9)  10(10)  2929)  NR 14(14)
Dasgupta (46) 1 1(100) 1(100) NR 1(100)  1(100)  1(100)  1(100)  1(100) 1(100) NR  1(100) 1(100)  1(100) 0 0 0
vmamw_m% 8 8(100) NR 8(100) NR 7(88) NR NR NR NR
Hameed (48) 35 33(95) NR 30(86) NR 13(37) NR NR 9(26) NR  21(60) NR NR NR
x_o__ﬁmvbs 15 15(100) 3(20) 13(87) NR 7(47) NR NR O 4Q7)  4(27)  13(87) 0 4@ 1)
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Table 3. Laboratory investigations

= —_ \LM ol 0 —_ = = —_ 5 = — 6 .~
[0] —_ — o = (7]
5 2T £3 2 < E_ &g < S g < <3 52 £ = 3 SET poll I
(") o L~ [v2) B © o S~ o - T o < ~ oo > »w o T
£ = o9 S 3 =] eSS £E2 u o0 a5 £ £ £ 23 o £ 65 E¥Eg 258
3 ] So 3s X o> oo E c oS S= Er cB o £ S £ >G99 =918
< s 83X <£3 e =S B2 £ £ 2% L2F g¢¢ FSE = s 5 =£288% 83¢
o w —g 29 o gs £ 3 5 8E §E a&¢ £ ° E SagR BOQ
] m 85 > = o € € S E 5 = 5 ] F g o g = = a ] S2 3
= £ ] 3 £ s a5 ] < 3 o o %5 g = R L ez
= © = < < 2 O a = 5 e & &
Jones Not re-
ported  NR NR NR NR NR 131 2.8 133 NR NR NR 186 NR NR 1(100%) NR
(12) NR)
) 1.2 323 130 228 49.4 :
QM_M%M o6 (117 © w mohw. 155 66.8 NR (125- N.wmvp. (8.3- (15.05- w%wmw%. NR momw%.m. NR 11200 3/6(50%) 55 (100%)
125)  50.1) : 134) : 34.3) >100)
labé(14)  NR 17.4 NR wa%w- muomw NR NR NR 195 NR NR NR NR NR 27700 1/2 (50%) NR
Riphagen 105.15(61- 22 (18- Sl 75 (7.42-
) NR NR NR A NR NR NR o (169- i 2525 13427 815.5 NR 4210 4/8(50%)  8/8 (100%)
556)
ﬂm% 109 133 2 225 NR NR 118 28 450 NR 114 NR 699.5 NR 4200 1/1(100%) NR
Balasura-
manian 89 23 NR 395 NR NR 133 26 317 NR NR NR 1496 NR NR 1/1 (100%) NR
(16)
Rivera-
Figueroa 8 40 NR 104 55 NR 121 2 256 27 60 NR 1030 NR NR 1/1 (100%) NR
(17)
241 41484 135
gt e 2B NR NR NR NR NR NR (150-  36(s-99) 4081258 acgqq. NR (87  O2BAA06%- ) an ey 335
jer (18) 23) S 679) —— e 9095) (86%)
Chiu(19) 124 168 118 207 NR NR 125 NR 280 28 84 9477 1089 NR 2727 1/1 (100%) NR
mnﬁ%vuu NR NR 02 NR NR NR NR NR 335 NR NR NR NR NR 16100 0/1 el N_,\Avpoo
0
m_mw.m NR 1418 NR NR NR NR NR NR >300 16.28 112 8718 1789 NR 1207 1/1 (100%) NR
oﬁmmﬁ NR NR NR NR 98 145 NR 29 79.8 NR NR NR 920 736 2140 1/1 (100%) NR
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# Data for all studies are presented as median with range or interquartile range (IQR) in parenthesis except Verdoni et al. [38], where data are presented in mean with standard deviation (SD).

* Yozgat [33], Grimaud [35], and Bapst [42] reported total Troponin.
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Table 4. Radiological investigations
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Abnormal com-

Abnormal Echo

Total Abnormal
Lead Author .. uted Tomogra- .
Participants Chest X-ray P hv Chest (%/) Ventricular Coronary Others
phy 4 Dysfunction Abnormalities
Jones (12) 1 1(100%) NR 0 0 0
Chiotos (13) 6 5 (83.3%) NR 3 (50%) 1(16.7%) 0
Labé (14) 1 NR 1(100%) NR NR NR
Riphagen (3) 8 4 (50%) 7 (87.5%) 2 (25%) AVVR-1 (12.5%)
10,
Leon (15) 1 1(100%) NR 1(100%) 0 MR- 1 (100%)
Balasuramanian 1 1(100%) NR 0 0 0
(16)
Rivera-Figueroa 5 Pericardial effusion- 1
a7 1 1 (100%) NR 0 0 (100%)
35 (100%) Takotsubo syndrome
. Ejection fraction o presentation -1(2.9%)
Belhadjer {18) == i i <30% (10/35), 30- Bl Pericardial effusion-3
50% (25/35) (8.6%)
. 1 o Pericardial effusion- 1
Chiu (19) NR NR 1(100%) 0 (100%)
Schnapp (20) 1 NR NR 1 (100%) 0 0
Greene (21) 1 0 NR 1 (100%) 0 0
Dolinger (22) 1 0 0 NR NR NR
Cheung (23) 17 14 (82.3%) NR 6/14 (35.3%) 0 Pe”card'a("l‘;‘:;“)s'°“'8/ 14
0,
Whittaker (24) 58 NR NR 18/29 (62%) 8/55 (14.5%) NR
Blondiaux (25) 4 NR 1(25%) 4 (100%) 0 Pericarditis:3 (75%)
Belot (26) 108 NR NR NR NR NR
Myocarditis:7 (44%)
0, 0, 0,
Pouletty (27) 16 5(31.2%) 2/8 (25%) NR 3(18.75%) Pericarditist4 (25%)
Ramcharan (28) 15 7/14 (50%) NR 12 (80%) 14 (93.3%) Pe”car?;as' ;f/f‘)’s'm: 8
. 0,
MR & TR: 1/3 (33.3%)
Waltuch (29) 4 1(25%) NR 1/3 (33.3%) 2/3 (66.6%) Pericardial effusion:1/3
(33.3%)
Rauf (30) 1 0 NR 1 (100%) 0 0
Focal opaci-
ty:5 (15.15%) o -
Kaushik (31) 33 Bilateral NR 21/32 (65.6%) NR Pericardial effusion: 15/32
e (46.8%)
opacities:6
(18.18%)
Miller (32) 44 NR NR NR NR NR
Yozgat (33) 1 0 0 0 1 (100%) 0
Toubiana (34) 21 8/18 (44%) NR NR 8/21 (38%) NR
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Abnormal com- Abnormal Echo

Total Abnormal
Lead Author .. uted Tomogra- .
Participants  Chest X-ray p hv Chest (%/) Ventricular Coronary Others
phy 4 Dysfunction Abnormalities
Grimaud (35) 20 NR NR 20 (100%) NR NR
Acharyya (36) 1 0 NR NR 1 (100%) NR
Liccaiardi (37) 2 0 NR 2 (100%) NR 1(50%)
. Pericardial effusion 4
0, 0, 0, 0,
Verdoni (38) 10 5 (50%) 2/2 (100%) 5 (50%) 2 (20%) (409%); MR 4 (40%)
Ng (39) 3 3 (100%) NR 1(33%) 1(33%) 2 (66%)
Capone (40) 33 NR NR 19 (58%) 8 (24%) NR
Abdel-Mannan o MR: 1 (25%) ; Pericardial
(41) 4 NR NR 1(25%) NR effusion:1 (25%)
Bapst (42) 1 1 (100%) 1 (100%) 0 0 0
Rodriguez- 1 NR 1 (100%) 1(100%) NR NR
Gonzalez (43) ? ?
Feldstein (44) 186 79 (42.4%) NR 70 (37.6%) 15 (8%) Pt el e =t
(25.8%)
Dufort (45) 99 35/90 (39%) 51/93 (52%) 9/93 (9%) Pe”card'a'(gg;s)m”: 32/93
0,
Dasgupta (46) 1 1(100%) 1 (100%) 1(100%) NR et i 1
(100%)
Perez-Toledo
47) 8 NR NR NR NR NR
Basal consolida-
tion with collapse:
13/33 (39%)
et G Total cardiac dysfunction:
Hameed (48) 35 19 (54%) sion:10/33 (30%) NR 6/30 (20%) 14 :
. . 18/35 (51%)
Diffuse bilat-
eral ground glass
opacities: 3/33
(9%)
Riollano-Cruz
15 12 (80%) NR 7 (46.6%) 3 (20%) NR

(49)

AVVR: atrioventricular valve regurgitation; MR: mitral regurgitation; TR: tricuspid regurgitation; NR: not reported. Journal of Pediatrics Review

triuretic peptide) (21 studies). Median values of these
cardiac markers were raised in all the reporting studies.

Underlying SARS-CoV-2 infection was more often doc-
umented through serology. Of all patients included in
this review, 212 of 560 (37.8%) had positive nasopha-
ryngeal reverse transcription-polymerase chain reac-
tion (RT-PCR), while 79.15% (410/518) had antibodies
against SARS-CoV-2.

Radiological investigations

Chest x-ray abnormality was found in 161 of 369
(43.6%) patients. Very few studies reported imaging

findings of chest computed tomography (CT). Hameed
et al. (48) performed a chest CT scan on 33 of 35 pa-
tients. The main findings were basal consolidation with
the collapse in 39% and pleural effusion in 30% of the
patients. Three children had bilateral diffuse ground-
glass opacities along with patchy dense consolidation.
Dufort et al. reported either abnormal chest x-ray or
abnormal chest CT in 35% of the patients (35) (Table 4).

In echocardiography, ventricular dysfunction was the
major abnormality found in 50.2% (284/565) of the pa-
tients, while coronary dilatation was seen in only 15%
(87/577) of the cases. Other findings like valvular in-
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Table 5. Treatment and outcomes
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Jones (12) 1 0 0 0 1(100%) 0 0 1(100%) 0 NR NR NR 1(100%) 0 0
Chiotos (13) 6 2(333%)  3(50%) 5(83.3%)  4(66.6%)  6(100%) wﬂw_m&n 2(33.3%) NR 118 1(16.6%) 58  5(83% 0  1(16.6%)

Labé (14) 1 NR NR NR 1(100%) NR NR NR NR NR 0 NR 1(100%) 0 0

! 7 1
Riphagen (3) 8  3(375%)  5(625%)  8(100%)  8(100%)  5(62.5%) NR 6 (75%) NR NR 8 (100%) 46 T 0

Leon (15) 1 NR 1(100%) 1(100%)  1(100%) NR NR 1(100%) NR NR 1(100%) NR NR 0 NR

Balasurama- HFNC: 1
an (16) 1 {00%] NR NR 1(100%) NR Tocilizumab:l 1 (100%) NR NR 1(100%) NR NR NR NR
nian
Rivera- HFNC: 1
. 17) 1 (100%) 0 NR 1(100%)  1(100%) NR 1(100%) NR 6 1(100%) NR 1(100%) 0 NR
Igueroa
Belhadjer 1 IL-1 ﬁmnwuﬁoﬂ 7 days 3
35 (3149 2206285 28(80%) 25(714%) 12(342%)  antagonist:3 NR 23(657%) 10(QR814)  35(100%) (QR37- "o 0 1(2.8%)
(18) el (8.5%) 10 days) &

Chiu (19) 1 NR NR 1(100%) NR NR NR NR NR NR 1(100%) NR 0 0 1(100%)
Schnapp (20) 1 NR 1(100%) 1(100%) NR 1(100%) NR NR NR NR 1(100%) NR NR 0 NR
Greene (21) 1 NR NR 1(100%)  1(100%) 1(100%) qogﬁ__hho@wcu NR 1(100%) NR 1(100%) NR 1(100%) 0 0
Dolinger (22) 1 NR NR NR 0 0 _aﬁ%&x - 0 1(100%) NR 1(100%) NR 1(100%) 0 0

Toclizum- 17
0, 0, 0, 0, - 0, -
Cheung (23) 17 NR 0 10(s88%) 13(764%) 14(8235)  _Clec 4(3SW 11(647%)  71(318) 15(882%) 64(312) 10000 0 0

Whittaker 25 (43.1%); o o A ° .

(24) 58 NR mmﬁw. 3 27(4655)  4UT06%) 37(637%) | = OV o NR NR NR 29 (50%) NR NR "7 NR
4 (13.7%)
Blondiaux HFENC: 3
o o o o to ays 0 o,
(25) 4 (75%) 1(25%) 3(75%)  4(100%)  3(75%) 0 NR NR 13t023 d 4(100%) NR 4(100%) 0 0
Belot (26) 108 NR 31(287%) 52 (48%) NR NR NR NR NR NR 72 (66.6%) NR NR  1(0.9%) NR
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Oxygen .
»mev. Anti-IL-1: 5 16
Pouletty 27) 16 2 2(125%) 6(37.5%)  15(93.7%)  4(25%)  1(6.2%); Anti . NR NR 7(43.7%) NR > 0 0
AM,\N.DM L6:1(62%) ~ °37%) (100%)
o 0,
Ramcharan HFNC: 4 o o o o o 6L o 4 (IQR:3- 15
= 15 peew) A266%)  10666%) 10(666%)  5(333%) 0 11(73.3%) NR 12 (I0R:9-13)  10(66.6%) 5) e 0 0
Anakinra:
BiPAP:1 . . ! 1(25%); ! i
Waltuch (29) 4 25%) 1(25%) 3(75%)  4(100%) NR Toclinomab: 4 NR 2 (50%) NR 4(100%) NR NR 0 NR
(100%)
HFNC:
Rauf (30) L 0 1(100%)  1(100%)  1(100%) 0 1(100%) NR 6 1(100%) 6 1(100%) O 0
N2 2 (1515%); M M,MN_A _M_ﬁ 4.7 (I0R:
A . . 0 0, 0 -7, 0, - 0, . . 0, 0,
Kaushik (31) B 3ea9) mm_%m. 1 17(515%) 18(s45%) 17(5L5%) oo NR 33(100%) 78(QR:6101) 33(100%) T 32(97%)  1(3%) 0
? 12 (36.3%)
Miller (32) 44 11(25%) 0 22(50%) 36(818%) 42(954%)  Anokinra:g NR 40 (90.9%) NR NR NR 43 0 1(2.2%)
: : (18.2%) : (97.7%) :
Yozgat (33) 1 NR NR NR 1(100%) NR NR 1(100%) NR NR NR NR 1(100%) 0 0
Toubiana (34) 21 NR 11(52.3%)  15(714%) 21(100%) 10 (47.6%) NR 21(100%) NR 8(5-17) 17(81%)  5(3-15) a%%\v 0 0
0,
. IL-1 antago-
M,MW\QHVH nist: 1(5%);
Grimaud (35) 20 NG, 8 (40%) 19(95%)  20(100%)  2(10%)  IL-6 receptor NR NR NR 20(100%)  4(1-8)  15(75%) 0 5 (25%)
Kmo\v. antibody:
° 1(5%)
Acharyya (36) 1 NR 0 0 1(100%) 0 0 1(100%) NR NR 0 NA 0 0 1(100%)
Liccaiardi (37) 2 1(50%) 0 1(50%) 1(50%) 2 (100%) 0 1(50%) NR NR NR NR NR NR NR
Verdoni (38) 10 NR NR 2(20%)  10(100%)  8(80%) NR 10(100%) MR NR NR NR :w%é 0 0
Ng (39) 3 2(666%)  1(333%)  2(66.6%)  2(66.6%)  2(66.6%) NR 2 (66.6%) NR 13 (13-16) 3(100%)  4(3-10)  3(100%) 0 0
Anakinra: 4
17 (12%); Tocili- 33
Capone (40) B g1s)  6U81%)  25(757%) 33(100%) 23(69.6%) zumab:3(9%) NR 14(424%)  4(QR:4-8)  26(78.7%) NR — 0 0
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Abdel-Mannan Anakinra: 1
(a1) 4 NR 4 (100%) NR 2 (50%) 2 (50%) (25%); Ritux- NR NR 18(11-32) 4(100%) 6.5(2-14) 2 (50%) 0 2 (50%)
imab: 1 (25%)
Bapst (42) 1 NR NR NR NR NR NR NR NR NR NR NR NR NR NR
Rodriguez- o o o Tocilizumab: o o o
Gonzalez (43) 1 NR 1(100%) 1(100%) NR 1(100%) 1(100%) NR 1(100%) 21 1(100%) 7 1(100%) 0 0
HFNC: 49 IL-6 inhibitor:
37 (19.9%);
. (26.3%) 7o) . 144 . 14 (7.5%); . " 148 130 4 52
Feldstein (44) 186 00" mm__,mw.vm 0(483%) oy 9L@BI%) | TN NR 87(46.7%)  7(IQR:4-10) . NR R ST
(17.2%) = tor: 24 (13%)
BiPAP/
CPAP: 7 76 271
Dufort (45) 99 (7%) 10(10.1%)  61(61.A%) 69 (69.6%) 63 (63.6%) NR NR NR 6.0(40-9.0)  79(79.7%) NR 2 (2%)
HENC16 (76.7%) (21.2%)
(16.2%)
Dasgupta (46) 1 NR NR 1(100%)  1(100%) 1(100%) NR 1(100%) NR 8 1(100%) NR 1(100%) 0 0
gup
nmamw_m% 8 NR NR 6 (75%) 8(100%) NR NR NR 6 (75%) NR 8 (100%) 0 0 0 0
Hameed (48) 35 NR 7 (20%) 20(57.1%) NR NR NR NR NR NR 24.(68.5%) NR 34997%) |, WS 0
o 0,
Tocilizumab:
Riollano-Cruz o o o o o 12 (80%) o . o 14 1
(49) 15 5(33.3%) 3(20%) 9 (60%) 12 (80%) 3(20%) Anakinra:2 NR 15 (100%) 8(6-13) 14 (93.3%) NR (93.3%) (6.6%) 0
(13.3%)
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NR: not reported; BiPAP/CPA, bilevel positive airway pressure/continuous positive airway; HFNC, high-flow nasal cannula; CPAP, Continuous Positive Airway Pressure; ECMO, extracorporeal membrane oxygenation; IL,
interleukin; NIV, non-invasive ventilation; IVIG, intravenous Immunoglobulin; ICU, intensive care unit.
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volvement and pericardial effusion were documented
in around 33% (148/446) of the cases.

Treatment and outcomes

About 77% (571/741) of patients in this review re-
quired admission to the intensive care unit (ICU). Me-
chanical ventilation was required in 211 of 773 (27.2%)
patients, while 56.35% (448/795) required inotropic
support to maintain hemodynamic stability (Table 5).

Amongst treatment modalities used to manage MIS-C,
intravenous immunoglobulins (IVIG) was the most com-
mon modality, which was used in 510 of 653 patients
(78.1%), followed by steroids which were administered
to 357 of 639 (55.8%) patients. In refractory cases, im-
munomodulators were used. Anti-IL-1 (anakinra and
others) use was reported in 10.8% (54/500), anti-IL-6
(tocilizumab and others) in 10.2% (51/500), and inflix-
imab in 2% (10/500) of patients. Very few studies re-
ported the use of aspirin and anticoagulants. Aspirin
was given in 80 of 108 (74%), while anticoagulants were
used in 234 of 380 (61.5%) patients. The mortality rate
of MIS-C documented in this review was 1.5%, with only
12 out of 797 participants succumbing to it. Median du-
ration of hospital admission was 7-8 days in many stud-
ies (23, 31, 34, 41, 46, 49).

4. Discussion

There is significant scope and need for studies defin-
ing the clinical characteristics of MIS-C in children and
young adults because most of the 39 studies in this re-
view were either case reports or case series with small
sample sizes. However, their results provide a sneak
peek into this previously unrecognized clinical syndrome
associated with COVID-19 with KD-like presentation.

Although initial reports of MIS-C reported a pheno-
typic resemblance to KD, our review emphasizes spe-
cific important demographic differences. The median
age of MIS-C presentation appears to be higher than
that for KD. There is an increased incidence of this clini-
cal entity in Black/Afro-American races than KD, which
is more common in Asian ethnicities. Barring 3 case
reports from India, none of the studies in this review
hailed from Asia despite the COVID-19 pandemic having
its origin in China. This racial predilection may emanate
from genetic differences, mutations in the virus, or un-
determined factors.

Certain manifestations of MIS-C are worth mention-
ing. As documented in this review, unlike KD, gastroin-
testinal symptoms are predominant in MIS-C. Similarly,
circulatory insufficiency and myocardial dysfunction are
distinctly more common than KD, affecting more than
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half of patients with MIS-C, as evident from clinical
manifestations and increased cardiac markers reported
by studies included in this review.

The hyperinflammatory state of MIS-C is well estab-
lished through laboratory evidence synthesized in this
review. This hyperinflammation is similar to cytokine
storm syndrome associated with acute COVID-19 in-
fection in adults, albeit delayed. Delay in interferon re-
sponse and slow viral clearing has been putatively impli-
cated in the pathogenesis of MIS-C (51).

Feldstein et al. have documented a temporal associa-
tion between MIS-C and preceding SARS-CoV-2 infection
(44). Also, based on the results of this review, the sero-
logical evidence of a preceding SARS-CoV-2 infection is
more common than positive nasopharyngeal RT-PCR for
viral nucleic acid, which probably suggests that these
hyperinflammatory states are post-infectious phenom-
ena brought about by a dysregulated immune response.
However, given the lack of definitive data regarding cau-
sality other than the temporal association, an evolving
body of evidence describing this clinical syndrome, and
a myriad of clinical mimickers of its presentation, it is
pertinent that the scientific community adopts a me-
ticulous as well as the cautious approach in attributing
these hyperinflammatory states to COVID-19.

The collated echocardiographic findings in this review
show that ventricular dysfunction was more common
than coronary changes in MIS-C. This pattern is distinct
from KD, where coronary artery abnormalities are re-
ported in about one-fourth of cases (52). Also, given the
lack of follow-up data, the long-term cardiac sequel of
MIS-C is still unknown.

Intravenous immunoglobulin (IVIG) was used as the
primary treatment modality in 78.1% of participants in-
cluded in this review. The indirect evidence for the use
of IVIG in MIS-C stems from its use in other conditions
with phenotypic similarities, such as KD or toxic shock
syndrome (TSS). Adjunctive therapy has been used in
the form of steroids and, in some studies, immunomod-
ulators of IL-1 and IL-6. Their use, with a mostly favor-
able response, lends credence to the putative theory of
MIS-C being a diffusely hyperinflammatory state of the
dysregulated immune response.

Another important finding of this review is that 77%
of children required intensive care with a need for me-
chanical ventilation in about a quarter of included par-
ticipants. Hence, early recognition and treatment in an
appropriate setting are necessary to decrease mortality
which in this review was 1.5%.
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5. Conclusion

MIS-C is a clinical mimic of hyperinflammatory states
such as KD and TSS. However, evidence collated in this
review show notable clinical and epidemiological differ-
ences compared to KD, like an increased median age of
presentation, a higher incidence in Afro-Americans, the
preponderance of gastrointestinal manifestations, and
ventricular dysfunction. More extensive epidemiologi-
cal studies will help in better defining this entity and de-
lineating its phenotypic subtypes

There are inherent limitations of our rapid review. Our
search strategy had a selection bias as only articles in
English were included. Despite the systematic search of
two major databases of PubMed and Embase, the data
from studies indexed in the Chinese database of China
National Knowledge Infrastructure (CNKI) has not been
included. In the absence of a consensus clinical defini-
tion, this review includes all studies which have report-
ed a hyperinflammatory state resembling KD, which
brings heterogeneity and inadequate generalizability
to its findings. This rapid review lacks follow-up data to
characterize squeal and reflect the evolving nature of
both the pandemic and our understanding of it.
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