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Abstract

Background We aimed to systematically review the clinical and laboratory features of patients with the multisystem inflam-
matory syndrome in pediatrics diagnosed during the COVID-19 pandemic.

Data sources A literature search in Web of Science, PubMed, Scopus, and Science Direct was made up to June 29, 2020.
Results Analysis of 15 articles (318 COVID-19 patients) revealed that although many patients presented with the typical
multisystem inflammatory syndrome in pediatrics, Kawasaki-like features as fever (82.4%), polymorphous maculopapular
exanthema (63.7%), oral mucosal changes (58.1%), conjunctival injections (56.0%), edematous extremities (40.7%), and
cervical lymphadenopathy (28.5%), atypical gastrointestinal (79.4%) and neurocognitive symptoms (31.8%) were also com-
mon. They had elevated serum lactic acid dehydrogenase, D-dimer, C-reactive protein, procalcitonin, interleukin-6, troponin
I levels, and lymphopenia. Nearly 77.0% developed hypotension, and 68.1% went into shock, while 41.1% had acute kidney
injury. Intensive care was needed in 73.7% of cases; 13.2% were intubated, and 37.9% required mechanical ventilation.
Intravenous immunoglobulins and steroids were given in 87.7% and 56.9% of the patients, respectively, and anticoagulants
were utilized in 67.0%. Pediatric patients were discharged after a hospital stay of 6.77 days on average (95% CI 4.93-8.6).
Conclusions Recognizing the typical and atypical presentation of the multisystem inflammatory syndrome in pediatric
COVID-19 patients has important implications in identifying children at risk. Monitoring cardiac and renal decompensation
and early interventions in patients with multisystem inflammatory syndrome is critical to prevent further morbidity.
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Introduction

The coronavirus disease 2019 (COVID-19) has led to a
global pandemic with significant morbidity and mortality
[1]. The pediatric population appears to be affected in a
much smaller number than adults, with only 1.7% of cases
in the United States occurring in children younger than 18.
In other European countries, the number of cases in chil-
dren is less than 2% [2—4]. Currently, it is unclear whether
this is due to lower infection susceptibility in children or if
the asymptomatic disease is much more common in those
under the age of 18 [5, 6].

Significant numbers of children and teenagers who
tested positive for COVID-19 antibodies have developed
a severe inflammatory condition with many Kawasaki dis-
ease characteristics [7]. As case reports pile up, the world
is suddenly paying attention to this pediatric condition that
may be related to COVID-19 [8]. This condition is named
“multisystem inflammatory syndrome in pediatrics” which
shares many features with Kawasaki disease and toxic
shock syndrome [9, 10]. Kawasaki disease is a rare acute
pediatric vasculitis. It usually involves small- to medium-
sized arteries in various organs and tissues and can cause
coronary artery aneurysms, myocardial infarction, and
pericarditis [11]. It is characterized by fever, exanthema,
lymphadenopathy, conjunctival injection, and changes to
the mucosa and extremities. Kawasaki disease is relatively
uncommon, with an incidence rate of 20.8 per 100,000
in the United States, mainly in children aged 5 years or
younger [12]. Unexpectedly, published reports of illness
like “multisystem inflammatory syndrome in pediatrics”
occurring in China are lacking, with most reports of hos-
pitalized COVID-19 children in China indicating that their
illness is not severe [13, 14]. The etiology of the multi-
system inflammatory syndrome remains unknown; how-
ever, antigen-driven delayed immune reaction following
viral infection in genetically susceptible individuals is the
current leading hypothesis [11]. In the last two decades,
the coronavirus family has been proposed to be one of
the Kawasaki-like syndrome triggers. Human New Haven
coronavirus (HCoV-NH) was identified in the respiratory
secretions of 72.7% of children with Kawasaki disease
[15], and positive CoV-229E antibodies were detected by
immunofluorescence assay in patients with Kawasaki dis-
ease [16], eliciting a putative link with COVID-19 disease.

Verdoni et al. described an outbreak of a Kawasaki-
like disease occurring in Bergamo, Italy, at the peak of
the COVID-19 pandemic [17]. As of May 21, other sus-
pected or confirmed children of similar presentations
have been reported throughout the United States [18].
This Kawasaki-like disease appears to cause a hyperin-
flammatory shock state. Hypotension with a requirement
for fluid resuscitation seems to be common [19]. Some
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patients required inotropic support. In addition, patients
with this syndrome appear to respond well to intravenous
immunoglobulin. However, the disease course seems
more severe than the typical Kawasaki disease as adjunct
anti-inflammatory treatments were necessary for several
patients, with some requiring high-dose corticosteroids.
The use of biologics, such as infliximab, has also been
described [17, 20].

Despite these findings, much remains unknown about this
rare Kawasaki-like disease (i.e., multisystem inflammatory
syndrome in pediatrics). Some children have needed inten-
sive care unit (ICU), others recovered quickly. The goal of
this meta-analysis was to summarize the clinical and labora-
tory features of patients with the multisystem inflammatory
syndrome in pediatrics diagnosed during the COVID-19
pandemic.

Methods
Search strategy

This current meta-analysis was carried out according to
the Preferred Reporting Items for Systematic reviews and
Meta-analysis (PRISMA) statement [21]. Relevant litera-
ture was retrieved from Web of Science, PubMed, Scopus,
and Science Direct search engines up to June 29, 2020.
Our search strategy included the following terms: (“Novel
coronavirus 2019, “2019 nCoV”, “COVID-19”, “Wuhan
coronavirus,” “Wuhan pneumonia,” or “SARS-CoV-2")
and (“Kawasaki-like disease”, “Kawasaki-like syndrome”,
“multisystem inflammatory syndrome”, “pediatric inflam-
matory syndrome”, or “pediatric inflammatory, multisystem
syndrome”). Besides, we manually screened out the relevant
potential article in the references selected. The above pro-
cess was performed independently by three participants.

Study selection

No time or language restriction was applied. Inclusion cri-
teria were as follows: (1) types of studies: retrospective,
prospective, observational, descriptive or case—control
studies reporting COVID-19 patients with the multisystem
inflammatory syndrome; (2) subjects: diagnosed patients
with COVID-19; (3) exposure intervention: COVID-19
patients diagnosed with reverse transcription-polymerase
chain reaction (RT-PCR)/antibody testing, radiological
imaging, or both with the principal criteria of the syn-
drome (i) patients <21 years presented with (ii) persistent
fever > 38.0 °C for > 24 hours or report of subjective fever
lasting > 24 hours, (iii) severe illness leading to hospitali-
zation, (iv) laboratory evidence of inflammation, includ-
ing, but not limited to, one or more of the followings: an
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elevated C-reactive protein (CRP), erythrocyte sedimenta-
tion rate (ESR), fibrinogen, procalcitonin, D-dimer, ferritin,
lactic acid dehydrogenase (LDH), or interleukin-6 (IL-6),
elevated neutrophils, reduced lymphocytes and low albumin,
(v) multisystem organ involvement (i.e. involving at least
two systems), and (vi) laboratory-confirmed SARS-CoV-2
infection (by RT-PCR or antibody test during hospitaliza-
tion) or an epidemiologic link to a person with Covid-19
[22]. In addition, according to the center for disease control
and prevention, any pediatric death with evidence of SARS-
CoV-2 infection, and if individuals fulfill full or partial cri-
teria for Kawasaki disease but meet the case definition for
multiple inflammatory syndrome, they should be considered
as having this syndrome. The Kawasaki disease signs and
symptoms that might be associated with the multisystem
inflammatory syndrome include bilateral conjunctival injec-
tion, oral changes such as cracked and erythematous lips
and strawberry tongue, cervical lymphadenopathy, extremity
changes such as erythema or palm and sole desquamation,
and polymorphous rash [23]. Lastly, (4) outcome indicators:
the mean and standard deviation or median and interquartile
range for COVID-19-related complications and mortality.

The following exclusion criteria were considered: (1) case
reports, reviews, editorial materials, conference abstracts,
summaries of discussions, (2) insufficient reported data
information; or (3) in vitro or in vivo studies.

Data abstraction

Two investigators (RME and RM) separately conducted
literature screening, data extraction, and literature quality
evaluation, and any differences were resolved through a third
reviewer (MHH). Information was extracted from eligible
articles in a predesigned form in excel, including the last
name of the first author, date and year of publication, journal
name, study design, country of the population, and sample
size. Variables were stratified into eight categories: demo-
graphic data, Kawasaki-like disease features, other clinical
presentations, comorbidities, hospitalization, laboratory
measurements, SARS-CoV-2 screening, and medications.

Statistical analysis

All data analyses were performed using OpenMeta[ Analyst]
[24] and comprehensive meta-analysis software version 3.0
[25]. First, a single-arm meta-analysis for laboratory tests
was performed. The mean or untransformed proportion and
95% confidence intervals (CI) were used to estimate pooled
results from studies. A continuous random-effects model
was applied using the DerSimonian—Laird (inverse vari-
ance) method [26, 27]. Heterogeneity was evaluated using
Cochran’s Q statistic and quantified using I? statistics, rep-
resenting the total variation across studies beyond chance.

Articles were considered to have significant heterogeneity
between studies when the p value less than 0.1 or /7> 50%.
Finally, publication bias was assessed using a funnel plot
and quantified using Begg’s and Mazumdar rank correla-
tion with continuity correction and Egger’s linear regression
tests. Asymmetry of the collected studies’ distribution by
visual inspection or P value <0.1 indicated obvious publica-
tion bias [28].

Results
Literature search

The flow chart summarizing the literature search of this
meta-analysis study is illustrated in Fig. 1. A total of 261
articles were recorded using 5 major online databases (Web
of Science, PubMed, Scopus, ScienceDirect, and MedRxiv)
till June 29, 2020. After inspection of the retrieved records,
73 articles were removed due to duplication, and 188
records were recognized. Upon screening the title and
abstract, our team excluded various articles, including case
reports (n=28), review articles (n=237), irrelevant reports
(n=42), or editorial items (n=63). A final of 18 records
was appraised for eligibility, with 3 records excluded for
no sufficient data. Eventually, a total of 15 eligible reports
were identified for the quantitative assessment of this meta-
analysis, with 15 records characterized single-arm analysis.

Characteristics of the included studies

The main characteristics of the included records in this meta-
analysis are demonstrated in Table 1 [17, 20, 29-40]. The
articles published online from May 6 until June 29, 2020,
included five records from France [Paris (5)], five records
from the USA [New York (4), and Pennsylvania (1)], four
records from UK [London (2), and Birmingham (2)], and
one record from Italy [Bergamo (1)]. A total of 318 chil-
dren with a pediatric inflammatory, multisystem syndrome
(Kawasaki-like disease) associated with SARS-CoV-2 infec-
tion were registered in this meta-analysis. Nine records were
retrospective studies, another two were prospective studies,
while descriptive case series accounted for four studies.

Demographic characteristics of pediatric patients

Our meta-analysis included 318 COVID-19 patients pre-
senting with the multisystem inflammatory syndrome.
Their mean age was 9.10 years (95% CI 8.49-9.71), while
the mean BMI 19.34 kg/m? (95% CI 17.86-20.82). The
pooled prevalence of boys accounted for 50.5% across
the studies. Proportion of Black patients was 36.8% (95%
CI 26.3-47.4%) higher than the White (16.4%, 95% CI
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Fig. 1 Flowchart for the systematic literature search

10.7-22.1%) and Asian cohorts (13.6%, 95% CI 4.7-22.6%)
(Table 2).

Clinical presentations of COVID-19 patients

Young patients underwent confirmatory tests for COVID-
19 disease by either RT-PCR of nasopharyngeal swab (pro-
portion=46.5%, 95% CI 12.9-80.1%) or anti-SARS-CoV-2
IgG analysis (proportion =69.6%, 95% CI 48.9-90.2%)
(Table 2). For the clinical criteria of the multisystem
inflammatory syndrome and Kawasaki-like features, fever
(proportion =82.4%, 95% CI 69.8-95.1%) and polymor-
phous maculopapular exanthema (proportion=63.7%,
95% CI 53.8-73.5%) were the most frequent princi-
pal features, followed by changes of lips and oral cavity
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(proportion=158.1%, 95% CI 38.6-77.6%) and bilateral
non-purulent conjunctival congestion (proportion =56.0%,
95% CI 40.0-71.9%). Changes of peripheral extremities
(proportion =40.7%, 95% CI 12.9-68.5%) and acute non-
purulent cervical lymphadenopathy (proportion=28.5%,
95% CI 13.9-43.1%) were the least presenting features
(Table 2). Children presented more often with gastroin-
testinal symptoms including abdominal pain, nausea, and
diarrhea (proportion=79.4%, 95% CI 68.1-90.7%) and
shock (proportion =68.1%, 95% CI 51.9-84.3%). Neuro-
cognitive symptoms as headache, irritability, lethargy, or
visual change were reported in 31.8% of patients (95% CI
21.9-41.8%), while the prevalence of respiratory symp-
toms as cough and dyspnea accounted for 29.6% (95%
CI 19.6-39.6%) (Table 2). Obesity (proportion =26.0%,
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Table 2 Pooled estimates of single-arm meta-analysis for COVID-19 patients

Characteristics # Studies  Sample size  Asso- Effect size Heterogeneity Publication bias
ciation -
measure Estimate 95% CI Pvalue P P value P value

Demographic data
Age, y 15 318 M 9.10 8.494,9.714 <0.001 0.0% 1.00 0.715
Sex: (girls) 15 318 P 49.50 43.0, 56.1 <0.001 27.89% 0.15 0.775
Sex: (boys) 15 318 P 50.50 43.9,57.0 <0.001 27.89% 0.15 0.774
BMI, kg/m? 5 95 M 19.34 17.86,20.82 <0.001 19.0% 0.29 0.063
Race: (Black) 8 229 P 36.80 26.3,47.4 <0.001 65.77% 0.005 0.501
Race: (Asian) 7 185 P 13.60 4.70, 22.6 0.003 74.51% <0.001 0.032
Race: (White) 8 229 P 16.40 10.7,22.1 <0.001 27.76% 0.20 0.285
SARS-CoV-2 screening
Nasopharyngeal RT-PCR 7 138 P 46.50 12.9, 80.1 0.007 96.25% <0.001 0.277
Anti-SARS-CoV-2 1gG 8 167 P 69.60 48.9,90.2 <0.001 91.31% <0.001 0.471
C. Kawasaki dis criteria
Fever 9 177 P 82.40 69.8,95.1 <0.001 94.23% <0.001 0.018
Lips/oral cavity changes 6 124 P 58.10 38.6,77.6 <0.001 82.64% <0.001 0.585
Conjunctival injection 10 227 P 56.00 40.0,71.9 <0.001 85.56% <0.001 0.227
Rash 11 235 P 63.70 53.8,73.5 <0.001 59.62% 0.006 0.267
Changes to extremities 4 101 P 40.70 12.9, 68.5 0.004 86.67% <0.001 0.537
Cervical lymphadenopathy 6 136 P 28.50 13.9,43.1 <0.001 73.13% 0.002 0.918
Presentations
Gastrointestinal 14 303 P 79.40 68.1,90.7 <0.001 92.48% <0.001 0.012
Neurocognitive 11 271 P 31.80 21.9,41.8 <0.001 70.30% <0.001 0.757
Respiratory 8 232 P 29.60 19.6, 39.6 <0.001 66.65% 0.004 0.948
E. Comorbidities
Asthma 3 82 P 14.60 6.9,22.2 <0.001 0.0% 0.96 NA
Obesity 4 126 P 26.00 7.1,44.9 0.007 85.99% <0.001 0.092
Investigations
Abnormal ECG 6 89 P 55.30 45.1,65.6 <0.001 0.0% 0.88 0.365
Abnormal Chest X-ray 3 70 P 45.50 24.9, 66.0 <0.001 6897% 0.040 0.187
Laboratory tests
WBCs, x 10°/L 8 228 M 13.20 10.82,1559 <0.001 84.99% <0.001 0.198
Lymphocytes, x 10°/L 9 208 M 0.93 0.737,1.125 <0.001 70.06% <0.001 0.067

Neutrophils, x 10°/L 4 115 M 12.67 8.56, 16.76 <0.001 87.44% <0.001 0.471
Platelets, x 10%/L 9 239 M 180.01 154.4,205.6 <0.001 65.77% 0.003 0.027
Hemoglobin, g/dL 7 106 M 10.4 9.55,11.39 <0.001 80.20% <0.001 0.703
Troponin, ng/L 12 241 M 110.71 59.08,162.3 <0.001 72.76% <0.001 0.426
NT-proBNP, pg/mL 12 241 M 5648.78  3823,7474  <0.001 9545% <0.001 0.374
LDH, U/L 5 158 M 637.21 358.7,9157 <0.001 96.02% <0.001 0.205
ALT, U/L 8 232 M 46.86 39.1, 54.6 <0.001 36.71% 0.13 0.009
AST, U/L 4 127 M 52.89 45.9,59.8 <0.001 0.0% 0.56 0.299
Albumin, g/L 9 239 M 27.15 23.5,30.7 <0.001 95.65% <0.001 0.324
Creatinine, pmol/L 6 151 M 74.93 59.4,90.4 <0.001 38.58% 0.14 0.039
Sodium, mmol/L 8 150 M 131.70 129.3,134.1 <0.001 88.98% <0.001 0.094
CRP, mg/L 12 262 M 215.58 192.5,238.7 <0.001 55.15% 0.011 0.652
ESR, mm/h 4 102 M 64.64 54.28,74.99 <0.001 3830% 0.18 0.335
Ferritin, ng/mL 9 194 M 763.24 658.8,867.6 <0.001 16.93% 0.29 0.018
Fibrinogen, g/LL 4 144 M 6.24 4.68,7.80 <0.001 96.03% <0.001 0.166
Procalcitonin, ng/mL 6 117 M 19.24 8.67,29.80 <0.001 73.16% 0.002 0.002
Interleukin-6, pg/mL 4 115 M 189.67 145.4,2338 <0.001 0.0% 0.512 0.122
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Table 2 (continued)

Characteristics # Studies  Sample size  Asso- Effect size Heterogeneity Publication bias

ciation X

measure Estimate 95% CI Pvalue P P value P value
D-dimer, pg/mL 191 M 3.79 2.57,5.02 <0.001 89.25% <0.001 0.025
Prothrombin time, sec 56 M 4.09 292,527 <0.001 99.07% <0.001 0.318
Complications
Shock 5 158 P 68.10 51.9, 843 <0.001 80.67% <0.001 0.085
Hypotension 5 75 P 77.00 56.9,97.0 <0.001 82.18% <0.001 0.147
Acute kidney injury 4 141 P 41.10 15.0,67.1 0.002 91.83% <0.001 0.665
PICU admission 10 173 P 73.70 60.3, 87.1 <0.001 86.52% <0.001 0.137
Mechanical ventilation 9 198 P 37.90 28.3,47.6 <0.001 46.46% 0.060 0.887
Intubation 2 102 P 13.2 0.5,82.1 0.27 97.16% <0.001 NA
Length of stay, days 5 112 M 6.77 4.93, 8.60 <0.001 86.81% <0.001 0.392
Medications
Epinephrine 3 61 P 40.20 72,732 0.017 86.03% <0.001 0.942
Norepinephrine 3 61 P 45.10 9.0, 81.2 0.014 91.26% <0.001 0.470
Milrinone vasodilator 3 61 P 42.90 2.7,83.0 0.036 91.94% <0.001 0.954
Intravenous Ig 12 258 P 87.70 80.8,94.7 <0.001 77.75% <0.001 0.001
Steroids 7 188 P 56.90 33.6,80.2 <0.001 94.68% <0.001 0.878
Anakinra (anti-IL1) 5 184 P 9.40 46,142 <0.001 20.31% 0.28 0.155
Hydroxychloroquine 2 33 P 13.5 5.1,31.0 0.001 5.99%  0.30 NA
Infliximab (anti-TNF) 2 91 P 8.5 2.0,29.6 0.002 74.61% 0.047 NA
Anticoagulants 8 170 P 67.00 47.6, 86.3 <0.001 94.12% <0.001 0.447

The random-effects model was applied. Association measure: pooled mean (M) was estimated for quantitative variables and untransformed pro-
portions (P) were calculated for categorical events; I>: the ratio of true heterogeneity to total observed variation; publication bias: assessed by
Egger’s test. CI confidence interval; BMI body mass index; Gastrointestinal symptoms included vomiting, diarrhea, and abdominal pain; Neu-
rocognitive symptoms included headache, irritability, lethargy, vision change; Respiratory symptoms included cough and dyspnea; ECG electro-
cardiogram; PICU pediatric intensive care unit; NT-proBNP N-terminal-prohormone B-type natriuretic peptide; CK creatine kinase; LDH lac-
tate dehydrogenase; ALT alanine aminotransferase; AST aspartate aminotransferase; CRP c-reactive protein; ESR erythrocyte sedimentation rate;
WBCs white blood cell counts; RT-PCR reverse transcription-polymerase chain reaction; /g immunoglobulins; Anti-TNF anti-tumor necrosis

95% CI 7.1-44.9%) and asthma (proportion=14.6%, 95%
CI 6.9-22.2%) were two comorbid conditions reported
in pediatric cases presented with Kawasaki-like features
(Table 2). Abnormal Chest X-ray was observed in 45.5%
(95% CI 24.9-66.0%), while ECG abnormalities was found
in 55.3% of patients (95% CI 45.1-65.6%) (Table 2F).
Apart of studies reporting ECG findings and asthma, there
was evidence of considerable heterogeneity across stud-
ies. In addition, coronary artery aneurysm data (identified
based on a z score of >2.5 in the left anterior descending
or right coronary artery) were reported only in two studies
by Whittaker et al. (13.8%) [34] and Capone et al. (15.1%)
[39].

Laboratory data of COVID-19 patients

Pooled summary of complete blood picture showed leuko-
cytosis (mean=13.20x 10°/L, 95% CI: 10.82-15.59), lym-
phopenia (mean=0.93 x 10°/L, 95% CI 0.737-1.125), neu-
trophilia (mean = 12.67 x 10°/L, 95% CI 8.56-16.76), and

anemia (mean=10.4 g/dL, 95% CI 9.55-11.39) in positively
confirmed COVID-19 children.

Elevated liver enzyme levels (ALT: mean=46.86 U/L,
95% CI 39.1-54.6 and AST: (mean=52.89 U/L, 95% CI
45.9-59.8) and hypoalbuminemia (mean=27.15 g/L,
95% CI 23.5-30.7) was reported across the studies.
There was marked elevated cardiac markers: troponin
(mean=110.71 ng/L, 95% CI 59.08-162.3), NT-proBNP
(mean=15648.78 pg/mL, 95% CI 3823.17-7474.3), and
LDH (mean=637.21 U/L, 95% CI 358.7-915.7). Elevated
inflammatory markers were observed: C-reactive protein
(mean=215.58 mg/L, 95% CI 192.50-238.67), eryth-
rocyte sedimentation rate (mean=64.64 mm/h, 95% CI
54.28-74.99), procalcitonin (mean=19.24 ng/mL, 95%
CI 8.67-29.80), ferritin (mean=763.24 ng/mL, 95% CI
658.86-867.63), and interleukin-6 (mean=189.67 pg/mL,
95% CI 145.48-233.87). There was an increased evidence
for coagulopathy represented as a high blood concentra-
tion of fibrinogen (mean=6.24 g/L., 95% CI 4.68-7.80) and
D-dimer (mean=3.79 pg/mL, 95% CI 2.57-5.02) (Table 2).
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Pooled analysis of COVID-19 complications

Of the affected children and teenagers, 77.0% (95% CI
56.9-97.0%) developed hypotension, 68.1% (95% CI
51.9-84.3%) went into shock, and 41.1% (15.0-67.1%) had
acute kidney injury. Intensive care was needed in 73.7% of
cases (95% CI 60.3-87.1%), 13.2% (95% CI 0.5-82.1%)
were intubated and 37.9% (95% CI 28.3-47.6%) required
mechanical ventilation, with only one reported fatality case.
Pediatric patients were discharged after a mean hospital stay
of 6.77 days (95% CI 4.93-8.6) (Table 2).

Received medications

Intravenous immunoglobulins and steroids were given
in 87.7% (95% CI 80.8-94.7%) and 56.9% (95% CI
33.6-80.2%) of the children. Anticoagulants were uti-
lized in 67.0% (95% CI 47.6-86.3%) of pediatric patients.
Anakinra (Anti-IL-1) was prescribed in only 9.4% (95% CI
4.6-14.2%) of cases (Table 2).

Discussion

Pediatric patients have largely been overlooked during the
COVID-19 pandemic, as the largest cohort of morbidity
and mortality has come in elderly adult populations [41].
More recently, the insidious connection between COVID-
19 infections and a syndrome similar to Kawasaki disease
has been investigated as healthcare professionals noticed
outbreaks of the rare constellation of symptoms throughout
the United States and the world [39]. The context of these
reports is essential as officials weigh the risks of reopening
schools with the pandemic ongoing, and physicians are treat-
ing pediatric patients with severe inflammatory responses.
The association of Kawasaki-like disease to coronaviruses
is still a continuous area of research, and the COVID-19
pandemic provides a unique opportunity to investigate the
connection of coronavirus infection to a pediatric inflamma-
tory response that mimics Kawasaki disease.

The COVID-19-associated multisystem inflammatory
syndrome patients tended to be much older than typical
Kawasaki disease patients. A large sample of Korean Kawa-
saki disease patients showed a mean age of just 2.54 years
compared with 9.10 in this meta-analysis [42]. This find-
ing is especially important because children with onset of
Kawasaki disease aged nine or older are at a significantly
higher risk of developing coronary artery aneurysms and left
ventricular abnormalities; a feared outcome is up to 25% of
untreated children [43]. Older age may be one of many fac-
tors in the multiple inflammatory syndrome that contributed
to such high proportions of patients experiencing shock and
hypotension, along with elevated troponin and BNP levels.
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Although the cardiac manifestations of Kawasaki disease
typically resolve within two years, the long-term effects of
an inflammatory response in Kawasaki disease are not fully
known, with microvascular changes and intimal thickening
proposed as possible sequelae [44].

Patients in this meta-analysis presented with many typical
symptoms of Kawasaki disease and several atypical ones. A
previous study on Kawasaki disease risk factors for develop-
ing coronary artery aneurysms showed that having more of
the typical five symptoms is a protective factor. At the same
time, atypical presentations are a risk factor [45]. Although
the patients in our analysis who developed multisystem
inflammatory syndrome in pediatrics met the typical crite-
ria defined by the centers of disease control and prevention
[22], nearly half of them had Kawasaki disease-like clinical
features as polymorphous maculopapular exanthema, oral
mucosal changes, and/or conjunctival injections, cervi-
cal lymphadenopathy, or peripheral edematous changes to
extremities. Notably, some of these features are also seen
in other severe disorders like toxic shock syndrome, which
impact multiple systems and have been associated with other
viruses. Unlike Kawasaki disease, cases presented with the
specified syndrome were children and adolescents older than
5 years of age and had more frequent cardiovascular involve-
ment [18].

In addition, atypical gastrointestinal and neurocognitive
symptoms are frequent and may have contributed to delayed
recognition of the children’s condition as an inflammatory
disease similar to Kawasaki disease, thus delaying intrave-
nous immunoglobulin administration. Abnormal electro-
cardiograms and chest X-rays are also common findings on
admission for the multisystem inflammatory syndrome. The
differences between this clinical picture and Kawasaki dis-
ease will likely lead to delays in treatment that could be det-
rimental to patients. It will be necessary for pediatric tertiary
care centers to stay apprised of the evolving presentation of
this inflammatory illness. A patient’s number of symptoms
correlated with a lower risk of coronary artery aneurysms.
A possible explanation for this is that more Kawasaki like
symptoms led to earlier suspicion for inflammatory disease,
causing there to be less delay in administering treatments
like intravenous immunoglobulin. Another possibility is that
dysfunctional immune systems are less likely to produce as
many classic disease symptoms [45].

The massive inflammatory response to infection with
COVID-19 is a significant point of focus for research, novel
therapeutic developments, and vaccine research trials. Pedi-
atric patients in this meta-analysis had markedly elevated
inflammatory markers, including C-reactive protein and pro-
calcitonin, previously associated with an increased risk of
coronary artery aneurysms in Kawasaki disease [45]. About
69.6% of the patients in this meta-analysis tested positive for
SARS-CoV-2 IgG antibodies, a higher number than tested



World Journal of Pediatrics (2021) 17:141-151

149

positive for the nasal swab polymerase chain reaction, sup-
porting the etiopathology of this syndrome in that a COVID-
19 infection weeks earlier could trigger the syndrome and
hemodynamic shock.

Many of the laboratory findings in this pediatric popu-
lation were consistent with findings in adult patients who
developed severe respiratory disease from SARS-CoV-2.
Elevated lactic acid dehydrogenase, D-dimer levels, pro-
calcitonin levels, troponin I level, and lymphopenia have
been demonstrated as markers of worse outcomes in adult
COVID-19 patients [46]. IL-6 has been associated with the
“cytokine storm”, or macrophage activation syndrome-like
disease thought to be a factor in developing acute respiratory
distress syndrome in adult patients [47]. IL-6 also plays a
role in the pathogenesis and, more recently, targeted therapy
of childhood inflammatory disorders like systemic juvenile
idiopathic arthritis [48]. Similarly, children who developed
multisystem inflammatory syndrome in this meta-analysis
had remarkably high IL-6 levels with a mean of 189.67 pg/
mL, exhibiting the role of systemic inflammation. Further
research could evaluate whether immunomodulatory thera-
pies like tocilizumab (considering the potential acceleration
of the coronary artery aneurysm formation reported previ-
ously) [49], in addition to intravenous immunoglobulin,
could be useful for pediatric patients at risk of developing
progressing to multisystem inflammatory syndrome.

One of the limitations of this meta-analysis was that the
studies were conducted in the United States and Europe.
East Asian countries, which historically have higher rates of
Kawasaki disease, have pediatric populations that have had
longer COVID-19 exposure times, and retrospective stud-
ies could be helpful to assess differences in prevalence and
outcomes. This region is also known to have different phy-
logenetic SARS-CoV-2 genomes, which could influence the
inflammatory response seen in multisystem inflammatory
syndrome patients [50]. In addition, differences in infection
rates, host factors, including racial differences, immunomod-
ulators early treatment, or incomplete reporting, should be
considered [22]. Second, in the absence of a comparison
group and the presence of considerable heterogeneity across
studies, caution is warranted in interpreting the current data.

Conclusions

The findings presented in the meta-analysis have important
implications worldwide, as many countries still struggle
with COVID-19, and hotspots put children at risk for infec-
tion. More research into the pathophysiology of multisystem
inflammatory syndrome is needed to understand how it dif-
fers from Kawasaki disease. It could also begin to provide
an idea of why some children experience shock and hypoten-
sion, while others have less acute complications. In addition,

comparing relative rates of coronary artery aneurysms in
multisystem inflammatory syndrome versus Kawasaki dis-
ease would help medical decision making. In addition, future
meta-analyses that consider comparing Kawasaki disease
with/without COVID-19 cases would be far more interest-
ing to clarify the clinical differences between these overlap-
ping entities.

Although multisystem inflammatory syndrome still
appears to be a rare occurrence in COVID-19 positive chil-
dren, it has become clear that this syndrome requires aggres-
sive medical management with a multidisciplinary team and
close, long-term follow-up. Recognizing the atypical presen-
tation of the multisystem inflammatory syndrome, monitor-
ing patients for cardiac and renal decompensation, and early
interventions to treat the exaggerated immune response in
these patients are critical to prevent further morbidity.
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