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Abstract

Myocarditis and Kawasaki disease are common but usually distinct diseases in children. During the coronavirus pandemic
(COVID-19), reports of a new form of myocarditis with clinical features of Kawasaki appeared. We investigated the place of
this new disease in the spectrum encompassing Kawasaki disease and myocarditis.

Thirty two consecutive children referred to our centre for a suspicion of Kawasaki or a diagnosis of myocarditis were included
and eventually divided into four groups: 11 Kawasaki diseases, 6 Kawasaki syndromes (children with another diagnosis), 7
myocarditis without Kawasaki clinical feature and 7 myocarditis with incomplete Kawasaki clinical features. All were treated
with immunoglobulins except those of the myocarditis group. The survival rate was 91%. The 7 children with myocarditis and
clinical features of incomplete Kawasaki were all positive for SARS-CoV-2. They had a transient myocardial failure with a
favourable course and none had coronary artery disease.

Conclusion: Every COVID-19 child within our population had a mild to severe myocarditis and presented with fever plus two
or three Kawasaki clinical features. Short-term evolution was good for these children. This new disease seems to fill the gap
between isolated myocarditis and Kawasaki disease.

What is Known:

* A new paediatric disease close to Kawasaki disease appeared during the COVID-19 pandemic

What is New:

* In our population, children presented with fever, vivid Kawasaki clinical features (although the Kawasaki syndrome was always incomplete) and a
myocarditis without coronary abnormalities.

* The new disease fills the gap between paediatric myocarditis and Kawasaki disease but its prognosis is much better.
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Abbreviations
COVID-19 Coronavirus disease 2019
CT Computed tomography

ICD-10 10th edition of the International
Classification of Disease

PCR Polymerase chain reaction

SARS-CoV-2 Severe acute respiratory syndrome

due to coronavirus 2

Kawasaki disease is an acute vasculitis affecting mostly in-
fants and children with an increased risk of coronary artery
aneurism formation [1, 2]. Diagnosis is primarily based on a
precise epidemiological case definition [3]: fever persisting at
least 5 days and presence of at least 4 principal clinical fea-
tures amongst acute or subacute changes in extremities, poly-
morphous exanthema, bilateral bulbar conjunctival injection
without exudate, changes in lips and oral cavity, cervical
lymphadenopathy and exclusion of other diseases with similar
findings. Also, patients with at least 5 days of fever and less
than 4 of the principal criteria can be diagnosed with
Kawasaki disease when coronary artery dilation is detected
by echocardiography or angiography [3]. Diagnostic criteria
have been notably revised in 2004 with the conceptual intro-
duction of incomplete Kawasaki disease for children with un-
explained fever during 5 days or more and presenting with 2
or 3 of the principal clinical features of Kawasaki disease and
at least four of seven supplemental laboratory criteria [3].
With the onset of the coronavirus pandemic (COVID-19) in
Europe at the beginning of 2020, many reports have described
cases of severe paediatric multisystem inflammatory syn-
drome mimicking incomplete Kawasaki disease [4]. These
children usually presented with myocarditis but had very little
coronary involvement. They were older children who had
been infected with the new severe acute respiratory
syndrome-coronavirus 2 (SARS-CoV-2). Our centre is locat-
ed in eastern France, an area particularly impacted with
SARS-CoV-2 pandemic [5]. The aim of our study was to
better describe and to position this new disease within the
spectrum encompassing Kawasaki diseases and myocarditis.

Methods
Patients

This retrospective study included every consecutive child
(age <18 years) who presented at our centre between
January 2018 and May 2020 with one of the following
criteria: (1) patient treated with intravenous human immuno-
globulin for Kawasaki syndrome. In our country, the delivery
of human immunoglobulin implies a declaration at the hospi-
tal pharmacy. This pharmaceutical record was screened for the
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word “Kawasaki”. The indication for immunoglobulins was
verified in the patient clinical file which contained the expres-
sions “Kawasaki” or “suspicion of Kawasaki”. (2) Patient
with a final diagnosis of myocarditis i.e. an ICD-10 hospital
discharge code in the list {140, 141} (the 10th revision of the
international classification of diseases ICD 10 has been used in
our hospital during the whole duration of the study).

Thirty-six patients were identified and each medical record
was then analysed. Two patients were also discarded because
the real diagnosis according to the medical record was differ-
ent (ICD coding errors). Two patients who had been included
because they had received immunoglobulins for a suspected
Kawasaki syndrome, were eventually excluded because the
medical report did not meet the clinical or ultrasound criteria
for even incomplete Kawasaki syndrome. Patients were divid-
ed in 4 groups according to their respective diagnoses:

1 Kawasaki disease (KD group), complete or incomplete,
according to the usual definition [3]: patients either with
a complete Kawasaki form, or with echocardiographic cor-
onary dilatation, or with more than two clinical criteria and
CRP >30 mg/L and at least three supplemental laboratory
criteria

2 Kawasaki syndrome (KS group): patient complying with
the clinical definition of the Kawasaki disease but eventu-
ally having another diagnosis (such as viral infection or
toxic shock syndrome)

3 Isolated myocarditis (MY group): children with a myocar-
ditis and no more than two of the five Kawasaki clinical
features

4 All the other patients (KM group).

Diagnoses

The diagnoses of Kawasaki in this study were based on the
American Academy of Pediatrics definition [3]. Myocarditis
was clinically suspected on the basis of the combination of
elevated serum levels of troponin and echocardiographic find-
ing of ventricular dysfunction [6]. Diagnosis of COVID-19
was based on contagion history, nasal and/or stool
polymerase-chain-reaction testing, and/or SARS-CoV-2 se-
rology, and/or computational tomography (CT scan) [7].
Serological diagnostic tests had only been available in our
centre since April 2020. All the patients of the cohort hospi-
talized after the 14th of March 2020 were at tested for SARS-
CoV-2 infection.

Data and outcomes
Patients’ data were anonymized, in compliance with our ethics

committee recommendations. Clinical, biological, electrocar-
diographic, echocardiographic and magnetic-resonance
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imaging data were collected. Two outcomes were analysed:
mortality defined as death occurring during the same hospi-
talization or within 30 days after the admission and the after-
effect of the disease defined as persistent myocardial dysfunc-
tion at hospital discharge or coronary dilatation abnormality.

Statistics

Data were expressed as median [minimum value; maximum
value]. Statistical analysis was performed using R 3.6.0 (R
Foundation for Statistical Computing, Vienna, Austria) [8].
Continuous variables were compared by non-parametric
Mann-Whitney U test adapted for small groups (directly cod-
ed within the wilcox.fest R function) [9]. Two-categorical var-
iables were analysed by Fisher exact test. A value of p <0.05
was considered of statistical significance. Variables with more
than 15% of missing data were excluded from the analysis.

Results

Study flow chart is presented in Fig. 1. Main characteristics of
the study population are given in Table 1. Clinical signs are
described for each diagnosis in Table 2. In the KD group, no
child had an incomplete Kawasaki form, two had been diag-
nosed because of the echocardiographic findings and 9 pre-
sented a complete Kawasaki form. In the KD, KS or MY
groups, no child had a COVID-19 diagnosis, whereas the
seven children of group KM were COVID positive: 1 case
was confirmed by nasal PCR, 1 case diagnosed in front of
typical bilateral thoracic CT scan images, 3 had positive

Fig. 1 Flowchart of the study

groups
definition

plasma serology and 2 cases had both typical CT images
and positive serology.

Patients with COVID+ myocarditis

Amongst those patients, 1 had asthma and another had
macrocephaly with moderate psychomotor retardation. In this
subgroup, fever was the first symptom in all cases. Abdominal
pain was often present (57%, 4 cases on 7). Other initial clin-
ical signs were cervical swelling, skin rash or diarrhoea. We
also reported 2 cases of chest pain (29%), 3 cases of shock
syndrome (43%), 3 cases of dyspnoea (43%) and 3 cases of
neurological disorders: visual hallucination, ideation slowing
down or febrile meningeal syndrome (2 cases, 29%). In many
cases, symptoms of Kawasaki disease were predominant in
the clinical picture (Fig. 2). Biological inflammatory syn-
drome was noted in all cases. C-reactive protein plasmatic
levels in this subgroup were higher than in the rest of the study
population: 248 [48-354] mg/L vs 135 [25-416] mg/L, re-
spectively (p = 0.04). Five patients (71%) were tested positive
for lupus anticoagulant. Amongst those, one patient was sec-
ondarily tested negative, favouring the transitory status of
positive lupus anticoagulant. None of these patients had his-
tory of systemic lupus erythematosus. There was one case
(14%) of macrophages activation syndrome confirmed after
bone marrow analysis. Echocardiography on admission found
an altered LV contractility in all cases, with a reduced left
ventricle ejection fraction in 6 cases (86%). Isolated reduction
of longitudinal global strain was objectified in one case. Mitral
regurgitation was present in all cases without annular dilata-
tion. All patients were free from coronary involvement.
Amongst the 7 patients diagnosed with incomplete

36 children

Myocarditis or
H-IgG for Kawasaki

32 children

retained for the analysis

Kawasaki Disease )~ (Kawasaki Syndromes Others Isolated Myocardtis
AHA-AAP efinition fever+ >4 dlinical features <2 Kawasaki cinicalfeatures
but another diagnosis
11 children 6 children 7 children 8 children

7 children with :

myocarditis
2-3 Kawasaki features
COVID19 +
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Table 1 Characteristics of the

study population Variables Total (n=32) Before pandemic During pandemic p
(n=21) (n=11)
Female 15 (43.8%) 10 (47.6%) 4 (36.4%) 0.712
Age (years) 510.1-18] 510.6-17] 7[0.1-15] 0.046
Weight (kg) 20.8 [4.7-75] 21.5 [6-60] 34.1 [4.7-60] 0.061
Height (cm) 1.1 [0.5-1.8] 103 [68-180] 127 [54-174] 0.034
Duration of fever (days) 5[0-48] 3 [0-48] 4 [2-5] 0.755
Diagnosis
Kawasaki disease (KD) 11 (34.4%) 9 (42.9%) 2 (18.2%) 0.248
Kawasaki syndrome (KS) 6 (18.7%) 6 (28.6%) 0 0.071
Isolated myocarditis 8 (25%) 6 (28.6%) 2 (18.2%) 0.681
MY)
Other (KM) 7 (21.9%) 0 7 (63.6%) <0.0001
Biology (peak levels during hospitalization)
C-reactive protein (mg/L)  154.8 50.7 [25-404] 258 [30-354] 0.381
[25-416.2]
White cells (G/L) 13.3 [1.4-53] 9.5 [3.9-28.5] 10 [7.9-20.1] 0.846
Neutrophils (G/L) 8.3[0.4-51.4] 6.1 [2.6-19.6] 8.3 [1.8-16.4] 0.636
Electrocardiogram on admission
Abnormal repolarization 5(16.7%) 4 (21.1%) 1 (9.1%) 0.626
Echocardiography findings
LVEF (%) 54.8 [10-70] 60 [30-70] 60 [10-65] 0.157
LV dysfunction 13 (41.9%) 6 (30%) 7 (63.6%) 0.128
RV dysfunction 2 (6.5%) 2 (10%) 0 0.527
Mitral valve regurgitation 16 (51.6%) 7 (35%) 9 (81.8%) 0.023
Pericardial effusion 12 (38.7%) 7 (35%) 5 (45.5%) 0.705
Coronary 5(16.1%) 4 (20%) 1(9.1%) 0.631
dilatation/aneurysm
Treatment
Mechanical ventilation 5 (15.6%) 4 (19%) 1(9.1%) 0.637
Inotropes 9 (28.1%) 4 (19%) 5 (45.5%) 0.213
Immunoglobulins 24 (75%) 15 (71.4%) 9 (81.8%) 0.681
Steroids 14 (43.8%) 8 (38.1%) 6 (54.5%) 0.465
Aspirin 23 (71.9%) 16 (76.2%) 7 (63.6%) 0.681
Antibiotics 26 81.3%) 16 (76.2%) 10 (90.9%) 0.637
Heparin 11 (34.4%) 5 (23.8%) 6 (54.5%) 0.123
Outcomes
Hospital stay (days) 7[0-40] 5 [2-40] 8 [5-17] 0.233
ICU stay (days) 0.6 [0-19] 2 [0-19] 4 [0-10] 0.104
Incomplete recovery 4 (12.9%) 3 (15%) 1(9.1%) 1
Death 3(9.4%) 3 (14.3%) 0 0.534

ICU intensive care unit, LV left ventricle, LVEF left ventricular ejection fraction, RV right ventricle

Kawasaki disease associated with myocarditis, 5 had cardiac
resonance imaging performed within 10 days. In all cases,
cardiac resonance imaging was normal, without myocardial
oedema. One patient, from this group, initially presented with
a clinical picture of acute abdomen leading to laparoscopic
appendectomy. Evolution was marked by persistent fever
and severe inflammatory syndrome. The patient secondarily
developed signs of cardiac failure requiring inotropic support,

@ Springer

prolonged ventilation during 5 days. Cardiac function im-
proved after infusion of low-flow immunoglobulin over
4 days.

Therapies

All patients except in the isolated myocarditis (MY) group
received aspirin (50 to 80 mg/kg day) and one high-dosage
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Table 2 Clinical signs
differences depending on Total KD KS (n=6) KM (n=7) MY (n=28)
diagnosis (n=32) (n=11)
Age (years) 5[1-18] 2[0.6-7.5] 5[1.7-6] 8 [7-8] 8 [0.9-17]
Weight (kg) 21 [4.7-75] 12 [6-24] 19 [8.4-28] 45 [25.2-60] 28 [4.7-75]
Height (cm) 110[54-180]  85[68-126] 103[84-118] 147[123-174] 147[54-180]
Sex ratio (M/F) 1.3 (18/14) 1.75 (7/14) 0.5 (2/4) 1.3 (4/3) 1.7 (5/3)
Fever (days) 5.5 [0-48] 5 [4-10] 11 [4-48] 8 [4-13] 2 [0-4]
Principal features of KD 2.75[0-5] 4.2 [2%-5] 4[4-5] 3[3-3] 0.4 [0-2]
Polymorphous exanthem 19 (59%) 10 91%) 6 (100%) 3 (43%) 1 (13%)
Changes in extremities 15 (47%) 6 (55%) 4 (67%) 6 (86%) 0
Bilateral bulbar 19 (59%) 10 91%) 4 (67%) 6 (86%) 0
conjunctival injection
without exudate
Changes in lips and oral 17 (53%) 9 (82%) 4 (67%) 4 (57%) 1 (13%)
cavity
Cervical 19 (59%) 11 (100%) 6 (100%) 2 (29%) 1 (13%)
lymphadenopathy
(>1.5 cm)
Gastrointestinal symptoms 18 (56%) 6 (55%) 1 (17%) 6 (86%) 4 (50%)
Respiratory distress 6 (19%) 0 1 (17%) 3 (43%) 2 (25%)
Adenophlegmon 3 (9%) 0 0 3 (43%) 0
Meningism 2 (6%) 0 0 2 (29%) 0

KD complete Kawasaki disease, KS Kawasaki syndrome, MY isolated myocarditis, KM others (all COVID+)

intravenous infusion (2 g/kg) of immunoglobulins after a me-
dian time since first clinical sign of 5 [2-48] days. Eight pa-
tients (33%) required a second infusion. Six received intrave-
nous infusion of methylprednisolone (2 mg/kg) during 3 days.
One KM patient with a myocarditis associated to COVID
received anti-interleukin 1 therapy. One KS patient with
polyarteritis nodosa was treated with cyclophosphamide.
Twenty-four received broad-spectrum probabilistic antibiotic
therapy. Finally, anticoagulation was used for teenagers and
younger children presenting with a major inflammatory

Fig. 2 Typical clinical feature of
the COVID-19-linked myocardi-
tis with Kawasaki clinical features

syndrome, hypoalbuminemia and/or prolonged decubitus.
Amongst patients who received heparin, 4 had curative dos-
age and 7 had preventive dosage.

Outcomes

Two patients with myocarditis and one patient with Kawasaki
syndrome died. One patient with myocarditis underwent
emergency heart transplantation because of ventricular fibril-
lation storms 2 months after the initial episode. All the other
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children who had a myocardial impairment recovered a nor-
mal myocardial function in 4.5 days [1-60]. One patient with
Kawasaki syndrome presented with diffuse vasculitis, cerebral
ischemia, acute limb ischemia and aortic dilation leading to
severe aortic regurgitation requiring secondary surgery. The
patient underwent successful aortic valve repair 1 year after
the initial episode. The final diagnosis was polyarteritis
nodosa. Two KD patients with complete Kawasaki disease
kept a coronary dilatation.

Amongst the KM group (myocarditis associated with
COVID-19), myocardial recovery was complete in all cases,
as evidenced by cardiac resonance imaging performed in the
month following the initial episode. Short- and mid-term out-
comes of these children are presented in Table 3.

Impact of the COVID-19 epidemic

We report no increase in the incidence of complete Kawasaki
disease after the 15th of February 2020 (Table 1). In our pop-
ulation, time delay between two occurrences of complete
Kawasaki disease was unchanged before and after the onset
of the COVID-19 pandemic (p =0.25). Similarly, the inci-
dence of isolated myocarditis remained stable before and after
the start of the pandemic (p = 0.43). There were no cases of
Kawasaki syndrome after February 2020, and no cases of KM
children before February 2020.

Discussion

From our retrospective analysis, we described a new paediat-
ric condition associating myocarditis, infection with SARS-
CoV-2 and multisystem inflammatory syndrome mimicking
an incomplete Kawasaki disease. The clinical description of
the children presenting this disease fills the gap between two
well know conditions: isolated myocarditis and Kawasaki dis-
ease. As suggested by Calabri et al., this association is prob-
ably much more a new form of vasculitis, or COVID-19-
associated vasculitis, rather than a COVID-19-associated
Kawasaki disease [10]. This emerging disease has indeed been

named “SCiKH syndrome for SARS-CoV-2-induced
Kawasaki-like hyperinflammatory syndrome” by Licciardi;
or “MIS-C” for “multisystem inflammatory syndrome in chil-
dren and adolescents” by the World Health Organization
[11-14] or PIMS for paediatric multisystem inflammatory
syndrome temporally associated with COVID-19 by the
Royal College of Paediatrics in Child Health [15]. This pro-
fusion of new denominations sustains the idea of a new dis-
ease, which our results are consistent with.

Interestingly, our data showed that this new multisystem
inflammatory disorder often exhibits digestive symptoms
sometimes misinterpreted as an acute abdomen. It is an im-
portant fact to be known, given that it can mislead physicians
towards surgery for suspected appendicitis with, in our case, a
particularly complicated course. Also, predominant
otorhinolaryngologic symptoms have been described: there
were 2 cases of adenophlegmon in our cohort, as reported
by Sandhaus [16].

In our study population, all the cases of combined myocar-
ditis and incomplete Kawasaki syndrome occurred during the
COVID-19 pandemic and had an exposure to SARS-CoV-2
and a biologically and/or radiologically confirmed COVID-19
diagnosis. Notably, some patients (71%) had positive serolog-
ic tests for SARS-CoV-2 infection but negative PCR, suggest-
ing that they probably had an asymptomatic COVID-19, as
most children in previous cohort, and secondarily developed
myocarditis/incomplete Kawasaki disease [17]. It was objec-
tified that all but one had origins from the Mediterranean basin
or from sub-Saharan Africa, which suggests an ethnic or ge-
netic predisposition, as suggested by Moreira [18].

An increase in the incidence of Kawasaki syndromes and
multisystem inflammatory response mimicking Kawasaki
syndromes has been described in other centres where the ep-
idemic of COVID-19 was particularly significant. Verdoni
et al. reported a 30-fold increase in the incidence of
Kawasaki syndrome in Bergamo (Italy) [19]. A similar com-
parison in our cohort shows an increase in incidence of 15
times. However, the incidence of Kawasaki disease did not
increase during the pandemic in our centre. The increase in
incomplete forms of Kawasaki syndromes in our population

Table 3 Outcome of KM group:
7 cases of myocarditis associated

with COVID19

Group KM initial Group KM post-treatment* P

Clinical

Survivors, n (%) 7 (100%)
Biological

CRP (mg/L), n [min; max] 248 [48; 354] 17 [0; 80] 0.002

Troponin (ng/L), n [min; max] 338 [135; 7335] 200 [135; 346] 0.13
Echocardiography

LV ejection fraction (%), n [min; max] 50 [30; 65] 60 [60; 65] 0.11

Mitral regurgitation, n (%) 7 (100%) 4 (57%) 0.07
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was only due to the occurrence of this new COVID-19 dis-
ease. However suspected, the physiological link between mul-
tisystem inflammatory response and COVID-19 has not been
demonstrated yet [20-22]. As in the adult, it can be hypothe-
sized that SARS-CoV-2 infection could induce an inappropri-
ate immune response, causing an inflammatory reaction lead-
ing to vasculitis [11, 23, 24]. Another possibility is that in-
flammatory diseases like Kawasaki and myocarditis could di-
rectly result in an endothelial lesion provoked by a specific
virus [1, 25, 26]. Finally, these types of inflammatory diseases
could depend on the external viral pressure. In other terms, if
the quantity of virus(es) circulating amongst the general pop-
ulation increases, children would tend to develop myocarditis
and/or vasculitis, independently of the species of the virus.

In this cohort, therapy against myocarditis with incomplete
Kawasaki syndrome consisted of an aggressive anti-
inflammatory treatment, comprising large doses of immuno-
globulins and aspirin. It has been effective in this cohort, with
a total regression of myocardial impairment. For this new
form, the rationale for this treatment is well described by
Ronconi et al. [27].

Importantly, all of the patients infected with SARS-CoV-2
had a positive outcome, with no mortality. Our results confirm
the low morbi-mortality of COVID-19 in children [28], as
noted also in France [29], with, to date, only one national case
of mortality in children ages less than 14 years.

One of the challenges of such a study was the unavoidable
small size of the samples possibly leading to interpretation
biases. We noted a global increased incidence, of
myocarditis/Kawasaki disease/Kawasaki syndrome during
COVID-19 pandemic in our centre. Before the pandemic,
some patients could be treated in peripheral hospitals of the
region. This policy changed after the onset of the pandemic.
As a result, at least 2 patients were sent to our centre while
they would not have before the pandemic. The resulting bias
in considering an increased incidence of cases is probably low
but has to be noted on such a small cohort.

Conclusion

We retrospectively conducted a descriptive analysis of a
monocentric cohort of children with inflammatory disease
such as complete or incomplete Kawasaki disease and/or
myocarditis. Incidences of Kawasaki disease and isolated
myocarditis were stable over time before and after the onset
of the pandemic. Our results showed that a new disease
aroused after the onset of the COVID-19 pandemic combining
myocarditis and clinical features of Kawasaki syndrome. This
combination of myocarditis and multisystem inflammation
clinically mimicking incomplete Kawasaki syndrome was as-
sociated with SARS-CoV-2 infection and had a better prog-
nosis than isolated myocarditis. In children, COVID-19

presents with the features of a multi-organ inflammatory syn-
drome with multi-faceted clinical manifestations.
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