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The majority of children with COVID-19 infections, fortunately, shows only milder
symptoms. Which however has led that they are considered only for their particular
transmission potential. Nevertheless, cases with Multisystem Inflammatory Syndrome
in Children and Kawasaki Disease with quite specific COVID-19 involvement
have been reported and should be taken seriously. In addition, there are many chil-
dren with a chronic pre-existing condition such as congenital heart disease, cancer,
or lung disease who may be at risk for a severe course of COVID-19 when infected.
Protecting these children, and children in general, should be a top priority, as
these patients will have to live the rest of their long lives with possible sequelae of
COVID-19.

Introduction

While in the current coronavirus disease 2019 (COVID-19)
pandemic the focus is on the geriatric population because
of the high mortality rate, the paediatric target group
receives less attention regarding their long-term health
consequences. Since children are less susceptible to the se-
vere development of COVID-19, they are usually considered
only for their particular transmission potential.
It may be correct that the vast majority of paediatric

patients are showing just mild symptoms such asmild fever,
cough, rhinorrhoea, sore throat, or occasional gastrointes-
tinal symptoms, vomit, and diarrhoea.1 However, the clini-
cal picture of COVID-19 is nevertheless manifold and
therefore it is imperative to not lose sight of the small mi-
nority becoming severely ill specifically those with cardiac
involvement in their medical history.
This is made clear by the fact that several authors

around the world have reported paediatric inflammatory

multisystem syndrome (PIMS) or Kawasaki syndrome like
disease in connection to COVID-19 infections. In addition,
acute inflammatory response similarly as seen during a
cytokine storm causing cardiomyocyte injury,2 cellular
damage because of cardiomyocyte viral invasion,3 and
acute lung injury causing ischaemic injury along with se-
vere hypoxia4 is reported. Last but not least, severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
uses the enzyme ACE2 as a receptor for entry into the
cell.5,6 Whether this binding of the virus has an impact on
ACE2 expression or leads to a dysregulation in pathways is
still unclear but in the worst case, long-term cardiovascu-
lar damage could be the result of even a only mild COVID-
19 infection.7

Multisystem inflammatory syndrome in
children and Kawasaki disease

The majority of children with COVID-19 infections
show milder symptoms. While few in numbers, previ-
ous reports highlight two disease conditions in partic-
ular connected to severe disease development:
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multisystem inflammatory syndrome in children (MIS-
C), and Kawasaki disease (KD).

MIS-C, sometimes also referred to as PIMS is character-
ized by fever and laboratory inflammation conditions (such
as elevated C-reactive protein, erythrocyte sedimentation
rate, fibrinogen, procalcitonin, d-dimer, ferritin, lactic
acid dehydrogenase, or interleukin 6, elevated neutro-
phils, reduced lymphocytes and low albumin) with multi-
system (>2) organ involvement (including heart, lungs,
kidneys, brain, skin, eyes, or gastrointestinal organs).
Specific causes are still unclear.

KD is an acute febrile illness that primarily affects chil-
dren younger than 5 years of age, and the leading cause of
acquired heart disease in high-income countries8 with the
diagnostic criteria as shown in Textbox 1.9 Symptoms such
as eye redness, swelling of lymph glands in the neck, and
mouth, lips or throat irritation and inflammation, lips, and
throat are often similar to MIS-C. Coronary artery dilations
and aneurysms can result of serious complications. KD is
also sometimes seen in patients with fever and coronary ar-
tery abnormalities but who do not meet the mentioned KD
symptoms and is therefore characterized as atypical or
incomplete.

Since the beginning of SARS-CoV-2 epidemic, it was
reported of previously healthy children with fever, multi-
system inflammation and non-specific symptoms like rash,
gastrointestinal symptoms, and lip swelling. Symptoms
ranged to myocardial shock, development of coronary ar-
tery aneurysms and some showing characteristics that
were similar to KD.10

An observational study in the province Bergamo, which
was extensively affected by SARS-CoV-2 epidemic, reports
of a high number of KD-like diseases. Since the beginning of
the epidemic a monthly incidence at least 30 times greater
than in the previous 5 years has occurred, with a clear
starting point of the increase after first COVID-19 cases.
Children affected with KD-like disease after SARS-CoV-2
epidemic were older, had higher rate of cardiac involve-
ment and higher incidence of severer form of KD disease
than children affected previously by SARS-CoV-19.11

Heavily affected regions by SARS-CoV-2 in Europe are
also reporting of cases with MIS-C.10,12,13 A case series of 58
children diagnosed with MIS-C in British hospitals reported
of persistent fever and inflammation. 29 children devel-
oped shock and eight children developed coronary artery

dilatation or aneurysm.10 Cardiac involvement has been
reported in a proportion of MIS-C patients.14

MIS-C showed overlapping clinical features as well as
substantial differences with KD disease. MIS-C has some of
the clinical features of KD like fever, rash, redness of the
oropharynx.15 MIS-C was shown to affect an older age group
and shows higher prevalence of gastrointestinal symptoms
than KD.16 MIS-C appears to be a rare complication of SARS-
CoV-2 infections with some estimations that MIS-C occurs in
two out of 200 000 individuals under the age of 21 years.17

Until now it has yet to be determined that SARS-CoV-2 is
the cause of MIS-C or KD.15

As KD and MIS-C have shown us new and quite specific
COVID-19 involvement, reported experience is described in
more detail in Table 1.

COVID-19 in patients with CHD and other
chronical disease

With a prevalence of one in 100 live births congenital heart
defects (CHDs) are the most common congenital abnormal-
ity.18 However, reports of children with CHD infected with
COVID-19 are sparse, and therefore the specific impact on
this specific patient population has yet to be fully deter-
mined.7 As the risk for severe COVID-19 infections is re-
duced in younger populations and incidents of
cardiovascular complication rates have been low, we can
be hopeful that children and adolescents with CHD are not
facing an increased risk.19 However, although infections
are less common and milder in children, a cardiac medical
history seems to be not without risk, as severe cardiac de-
velopment of COVID-19 can include myocarditis, arrhyth-
mia, and myocardial infarction.4 In addition, experiences
with previous viral diseases such as influenza and respira-
tory syncytial virus have shown a more rigorous impact on
children with complex CHD than on otherwise healthy
children.4

Severe COVID-19 clinical course in children has been
linked to a complex previous medical history. Paediatric
patients with underlying conditions, including those with a
history of CHD surgery20,21 chronic lung disease, cirrhosis,
renal disease,4 or who showed a developmental delay, a ge-
netic anomaly, or who were dependent on technological
support for survival (tracheostomy) have been reported
with more severe COVID-19 course.14 Paediatric oncologi-
cal patients might also deserve particular protection as

Textbox 1 Criteria for the diagnosis of Kawasaki disease according to ref.9

Fever for more than 5 days (4 days if treatment with intravenous immunoglobulin eradicates fever) plus at least four
of the following clinical signs not explained by another disease process:

• Bilateral conjunctival injection (80–90%)*.
• Changes in the oropharyngeal mucous membranes, including one or more of injected and/or fissured lips, straw-

berry tongue, injected pharynx (80–90%).
• Changes in the peripheral extremities, including erythema and/or oedema of the hands and feet (acute phase) or

periungual desquamation (convalescent phase) (80%).
• Polymorphous rash, primarily truncal; non-vesicular (>90%).
• Cervical lymphadenopathy with at least one node >1.5cm (50%).

P20 J. Müller et al.



Ta
b
le

1
St
ud

ie
s
re
p
or
ti
ng

ex
p
er
ie
nc

e
w
it
h
K
D
an

d
M
IS
-C

an
d
C
O
V
ID
-1
9
in
vo

lv
em

en
t

St
ud

y
n

Pa
rt
ic
ip
an

ts
C
li
ni
ca

ls
ym

p
to
m
s

Ec
ho

ca
rd
io
gr
ap

hy
La

b
or
at
or
y
re
su
lt
s

C
li
ni
ca

lc
ou

rs
e
fo
ll
ow

in
g

ad
m
is
si
on

C
hi
ld
ho

od
m
ul
ti
sy
st
em

in
fl
am

m
at
or
y
d
is
or
d
er
s

W
hi
tt
ak

er
et

al
.,
20

20
58

•
A
ge

:
9
ye

ar
s
(3

m
on

th
s–

17
ye

ar
s)

•
M
al
e
(n
¼
38

)
•

40
B
la
ck

or
A
si
an

51
:
Pr
ev

io
us
ly

he
al
th
y

7:
C
om

or
b
id
it
ie
s

•
3
A
st
hm

a
•

1
N
eu

ro
d
ys
ab

il
it
y

•
1
Ep

il
ep

sy
•

1
Si
ck
le

ce
ll
tr
ai
t

•
1
A
lo
p
ec

ia

45
/5

8
ha

d
ev

id
en

ce
of

cu
r-

re
nt

or
p
ri
or

SA
R
S-
C
oC

-2
in
fe
ct
io
n

•
Pe

rs
is
te
nt

fe
ve

r
3–

19
d
ay

s
(n
¼
58

)
•

So
re

th
ro
at

(n
¼
6)

•
H
ea

d
ac

he
(n
¼
15

)
•

A
b
d
om

in
al

p
ai
n
(n
¼
31

)
•

Es
yt
he

m
at
ou

s
ra
sh
es

(n
¼
30

)
•

C
on

ju
nc

ti
va

li
nj
ec

ti
on

(n
¼
26

)
•

Ly
m
p
ha

d
en

op
at
hy

(n
¼
9)

•
M
uc

us
m
em

br
an

e
ch

an
ge

s
an

d
re
d
cr
ac

ke
d

li
p
s
(n
¼
17

)
•

Sw
ol
le
n
ha

nd
s
an

d
fe
et

(n
¼
9)

•
Le

ft
ve

nt
ri
cu

la
r
d
ys
fu
nc

-
ti
on

(n
¼
18

,
29

te
st
ed

)
•

A
b
no

rm
al
ly

d
il
at
ed

co
r-

on
ar
y
ar
te
ri
es

(z
sc
or
e

>
2)
,
in
cl
ud

in
g
7
w
it
h
z

sc
or
es

gr
ea

te
r
th
an

2.
5

(n
¼
8)

•
G
ia
nt

co
ro
na

ry
ar
te
ry

an
eu

ry
sm

s
(z

sc
or
e
>
10

)
(n
¼
2)

•
C
or
on

ar
y
ar
te
ry

an
eu

r-
ys
m
s
(n
¼
8)

•
"
tr
op

on
in

(n
¼
19

,
29

te
st
ed

)
•
"
N
T-
p
ro
B
N
P
(n
¼
11

,
1

te
st
ed

)

•
D
ev

el
op

ed
sh
oc

k
(n
¼
29

)
•

A
d
m
is
si
on

to
p
ae

d
ia
tr
ic

cr
it
ic
al

ca
re

un
it
s
(n
¼
29

)
•

M
ec

ha
ni
ca

lv
en

ti
la
ti
on

fo
r
re
sp
ir
at
or
y
su
p
po

rt
(n
¼
25

)
•

Pe
rs
is
te
nt

fe
ve

r
an

d
el
e-

va
te
d
in
fl
am

m
at
or
y

m
ar
ke

rs
(n
¼
23

)
•

M
et

th
e
cr
it
er
ia

fo
r
K
D

w
he

n
co

ro
na

ry
ar
te
ry

an
eu

ry
sm

s
w
er
e
in
cl
ud

ed
(n
¼
13

)
•

A
cu

te
ki
d
ne

y
in
ju
ry

(n
¼
13

)
•

D
ev

el
op

ed
ar
rh
yt
hm

ia
(n
¼
4)

D
uf
or
t
et

al
.,

20
20

95
•

M
al
e
(n
¼
53

)
•

31
B
la
ck

•
31

%
0–
5
ye

ar
s

•
42

%
6–
12

ye
ar
s

•
26

%
13

–2
0
ye

ar
s

10
0%

ha
d
ev

id
en

ce
of

re
-

ce
nt

SA
R
S-
C
oV

-2
in
fe
ct
io
n

•
Su

b
je
ct
iv
e
fe
ve

r
or

ch
il
ls
(n
¼
95

)
•

Ta
ch

yc
ar
di
a
(n
¼
92

)
•

G
as
tr
oi
nt
es
ti
na

ls
ym

p
-

to
m
s
(n
¼
76

)
•

R
as
h
(n
¼
57

)
•

C
on

ju
nc

ti
va

li
nj
ec

ti
on

(n
¼
53

)
•

M
uc

os
al

ch
an

ge
s

(n
¼
27

)
•

Ta
ch

yp
no

ea
(n
¼
74

)
•

H
yp

ot
en

si
on

(n
¼
30

)

•
So

m
e
d
eg

re
e
of

ve
nt
ri
c-

ul
ar

d
ys
fu
nc

ti
on

(n
¼
51

)
•

Pe
ri
ca

rd
ia
le

ff
us
io
n

(n
¼
32

)
•

C
or
on

ar
y-
ar
te
ry

an
eu

-
ry
sm

(n
¼
9)

•
"
C
-r
ea

ct
iv
e
p
ro
te
in

(n
¼
95

)
•
"
d
-d
im

er
(n
¼
86

)
•
"
tr
op

on
in

(n
¼
63

)
•
"
p
ro
B
N
P
le
ve

ls
(n
¼
74

)

•
A
d
m
it
te
d
to

an
in
te
ns
iv
e

ca
re

un
it
(n
¼
76

)
•

Va
so
p
re
ss
or

su
p
po

rt
(n
¼
59

)
•

M
yo

ca
rd
it
is
(n
¼
50

)
•

K
D
or

in
co

m
p
le
te

K
D

(n
¼
36

)
•

O
ne

or
m
or
e
of

th
e
fo
l-

lo
w
in
g:

hy
po

te
ns
io
n
or

sh
oc

k,
se
ve

re
ca

rd
ia
c
il
l-

ne
ss
,
or

ot
he

r
se
ve

re
en

d
-

or
ga

n
il
ln
es
s
(n
¼
29

)
•

M
ec

ha
ni
ca

lv
en

ti
la
ti
on

(n
¼
10

)
•

D
ie
d
(n
¼
2)

•
Ly
m
ph

op
en

ia
(n
¼
89

)

(c
on

ti
nu

ed
)

COVID-19 and cardiac involvement P21



Ta
b
le

1
C
on

ti
nu

ed

St
ud

y
n

Pa
rt
ic
ip
an

ts
C
li
ni
ca

ls
ym

p
to
m
s

Ec
ho

ca
rd
io
gr
ap

hy
La

b
or
at
or
y
re
su
lt
s

C
li
ni
ca

lc
ou

rs
e
fo
ll
ow

in
g

ad
m
is
si
on

•
M
ed

ia
n
le
ng

th
of

ho
sp
i-

ta
ls
ta
y:

6
d
ay

s

Fe
ld
st
ei
n

et
al
.,
20

20
18

6
•

A
ge

:
m
ed

ia
n
8.
3
ye

ar
s

(I
Q
R
3.
3–
12

.5
)

•
M
al
e
(n
¼
11

5)

13
5:

p
re
vi
ou

sl
y
he

al
th
y

(7
0%

)
w
er
e
p
os
it
iv
e
fo
r

SA
R
S-
C
oV

-2
b
y
RT

-P
C
R
or

an
ti
b
od

y
te
st
in
g

•
Fe

ve
r
fo
r
fi
ve

or
m
or
e

d
ay

s
(n
¼
13

1
of

16
7)

•
G
as
tr
oi
nt
es
ti
na

l
(n
¼
17

1)
•

C
ar
d
io
va

sc
ul
ar

(n
¼
14

9)
•

H
ae

m
at
ol
og

ic
(n
¼
14

2)
•

M
uc

oc
ut
an

eo
us

(n
¼
13

7)
•

Re
sp
ir
at
or
y
(n
¼
13

1)
sy
st
em

s

•
C
or
on

ar
y-
ar
te
ry

an
eu

r-
ys
m
s
id
en

ti
fi
ed

on
th
e
b
as
is

of
a
z
sc
or
e
of

2.
5
or

hi
gh

er
(n
¼
15

of
18

6)
an

d
w
it
h

ec
ho

ca
rd
io
gr
am

s
(n
¼
15

of
17

0)

•
"
le
ve

lo
f
B
N
P
(n
¼
94

,
of

12
8)

•
"
tr
op

on
in

le
ve

ls
(n
¼
77

)

•
In
te
ns
iv
e
ca

re
un

it
(n
¼
14

8)
•

Re
sp
ir
at
or
y
in
su
ffi
ci
en

cy
or

fa
il
ur
e
oc

cu
rr
ed

(n
¼
10

9)
•

Va
so
ac

ti
ve

su
p
po

rt
(n
¼
90

)
•

K
D
-l
ik
e
sy
m
p
to
m
s

(n
¼
74

)
•

In
va

si
ve

m
ec

ha
ni
ca

l
ve

nt
il
at
io
n
(n
¼
37

)
•

N
on

-i
nv

as
iv
e
m
ec

ha
ni
ca

l
ve

nt
il
at
io
n
(n
¼
32

)
•

Ex
tr
ac

or
p
or
ea

lm
em

-
b
ra
ne

ox
yg
en

at
io
n
su
p
po

rt
(n
¼
8)

•
D
ie
d
(n
¼
4)

•
M
ed

ia
n
d
ur
at
io
n
of

ho
s-

p
it
al
iz
at
io
n:

7
d
ay
s
(I
Q
R
4–

10
)

C
he

un
g
et

al
.,

20
20

Re
se
ar
ch

le
tt
er

17
•

A
ge

:
8
ye

ar
s
(2
.8
–1
6)

•
M
al
e
(n
¼
8)

•
W
hi
te

(n
¼
12

)

14
:
Pr
ev

io
us
ly

he
al
th
y

3:
M
il
d
as
th
m
a

10
0%

ha
d
ev

id
en

ce
of

re
-

ce
nt

SA
R
S-
C
oV

-2
in
fe
ct
io
n

•
Fe

ve
r
(m

ed
ia
n
d
ur
at
io
n

5
d
ay

s)
(n
¼
17

)
•

G
as
tr
oi
nt
es
ti
na

ls
ym

p
-

to
m
s
(n
¼
14

)
•

R
as
h
(n
¼
12

)
•

C
on

ju
nc

ti
vi
ti
s
(n
¼
11

)
•

Li
p
re
d
ne

ss
/s
w
el
li
ng

(n
¼
9)

•
H
yp

ox
ic

(3
)

•
A
b
no

rm
al

ch
es
t
ra
d
io
-

gr
ap

h
fi
nd

in
gs

(1
4)

•
M
il
dl
y
d
ec

re
as
ed

le
ft

ve
nt
ri
cu

la
r
fu
nc

ti
on

(n
¼
11

)
•

M
od

er
at
e
or

m
or
e
ve

n-
tr
ic
ul
ar

d
ys
fu
nc

ti
on

(n
¼
6)

•
C
or
on

ar
y
ar
te
ri
es

p
ro
m
i-

ne
nt

or
ec

ho
ge

ni
c
(n
¼
7)

•
M
ed

iu
m
-s
iz
ed

an
eu

ry
sm

(z
sc
or
e,

5.
2)

of
th
e
le
ft

an
te
ri
or

d
es
ce

nd
in
g
co

ro
-

na
ry

ar
te
ry

(n
¼
1)

•
"
le
ve

ls
of

in
fl
am

m
at
or
y

m
ar
ke

rs
(n
¼
17

)
•

Ly
m
p
ho

p
en

ia
(n
¼
12

)
•

B
an

d
em

ia
(n
¼
1)

•
"
tr
op

on
in

T
(n
¼
14

)
•
"
N
T-
p
ro
B
N
P
le
ve

l
(n
¼
15

)

•
Pa

ed
ia
tr
ic

in
te
ns
iv
e

ca
re

un
it
ad

m
is
si
on

(n
¼
15

)
•

Sh
oc

k
(n
¼
13

)
•

Va
so
ac

ti
ve

su
p
po

rt
(n
¼
10

)
•

H
yp

ox
ia

(n
¼
9)

•
K
D
(n
¼
8)

or
in
co

m
p
le
te

K
D
(n
¼
5)

•
N
on

-s
p
ec

ifi
c
ST

/T
-w

av
e

ab
no

rm
al
it
ie
s
(n
¼
10

)
•

A
tt
en

ua
te
d
Q
R
S
vo

lt
ag

e
(n
¼
1)

•
D
ys
rh
yt
hm

ia
s
(n
¼
3)

•
M
ed

ia
n
le
ng

th
of

ho
sp
i-

ta
ls
ta
y
of

7.
1
d
ay

s
(r
an

ge
,

(c
on

ti
nu

ed
)

P22 J. Müller et al.



Ta
b
le

1
C
on

ti
nu

ed

St
ud

y
n

Pa
rt
ic
ip
an

ts
C
li
ni
ca

ls
ym

p
to
m
s

Ec
ho

ca
rd
io
gr
ap

hy
La

b
or
at
or
y
re
su
lt
s

C
li
ni
ca

lc
ou

rs
e
fo
ll
ow

in
g

ad
m
is
si
on

3–
18

),
al
ld

is
ch

ar
ge

d
ho

m
e

w
it
h
no

fa
ta
li
ti
es

K
aw

as
ak

id
is
ea

se
Ve

rd
on

ie
t
al
.,

20
20

10
•

A
ge

:
7.
5
ye

ar
s
(S
D
3.
5)

•
M
al
e
(n
¼
7)

10
0%

SA
R
S-
C
oV

-2
p
os
it
iv
e

50
%
co

m
p
le
te

K
D
,
50

%
in
-

co
m
pl
et
e
K
D
:

•
N
on

-e
xu

d
at
iv
e
co

nj
un

c-
ti
vi
ti
s
(n
¼
7)

•
H
an

d
an

d
fe
et

an
om

al
ie
s

(n
¼
5)

•
Po

ly
m
or
p
hi
c
ra
sh

(n
¼
6)

•
A
ss
oc

ia
te
d
ch

an
ge

s
of

th
e
li
p
s
or

or
al

ca
vi
ty
,
or

b
ot
h
(n
¼
6)

•
A
b
no

rm
al

ec
ho

ca
rd
io
-

gr
am

(n
¼
6)

•
Le

ft
co

ro
na

ry
an

eu
ry
sm

(>
4
m
m
),
re
d
uc

ed
ej
ec

ti
on

fr
ac

ti
on

an
d
m
it
ra
lv

al
ve

re
gu

rg
it
at
io
n
(n
¼
2)

•
M
it
ra
lv

al
ve

re
gu

rg
it
a-

ti
on

(n
¼
4)

•
Pe

ri
ca

rd
ia
le

ff
us
io
n

(n
¼
4)

•
"
p
ro
B
N
P
(n
¼
10

)
•

In
tr
av

en
ou

s
im

m
un

o-
gl
ob

ul
in
-r
es
is
ta
nc

e
(n
¼
7)

•
M
ac

ro
p
ha

ge
ac

ti
va

ti
on

sy
nd

ro
m
e
(n
¼
5)

•
"
tr
op

on
in

I(
n
¼
5)

•
"
cr
ea

ti
ne

p
ho

sp
ho

ki
-

na
se

(n
¼
1)

•
K
D
sh
oc

k
(n
¼
5)

sy
nd

ro
m
e

•
P
ne

um
on

ia
(n
¼
5)

•
M
en

in
ge

al
si
gn

s
(n
¼
4)

B
N
P,
B
-t
yp

e
na

tr
iu
re
ti
c
p
ep

ti
d
e;

K
D
,
K
aw

as
ak

id
is
ea

se
;
p
ro
B
N
P,
",

el
ev

at
io
n.

COVID-19 and cardiac involvement P23



they also possibly develop cardiac complications through
treatment.22 Aside from these, early reports experienced
further predisposing factors for increased disease severity
such as bronchopulmonary hypoplasia, respiratory tract ab-
normalities, haemoglobinopathies, severe malnutrition,
and immune system deficiency.23

Conclusion

Most infections in children with COVID-19 appear to be
mild. However, children with chronic diseases and complex
medical histories require specific attention. Their clinical
course during COVID-19 infection can be severe and we do
not have any idea about the long-term (cardiovascular)
consequences yet. Children always deserve special protec-
tion because they are our future and will have to live the
longest with possible medical consequences.
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