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Abstract 

Recent studies have indicated that long-term neurological sequelae after COVID-19 are not accompanied by an 
increase of canonical biomarkers of central nervous system injury in blood, but subgroup stratifications are lacking. 
This is a particular concern in chronic headache, which can be a leading symptom of Post-COVID diseases associated 
with neuronal damage such as vasculitis or autoimmune encephalitis. We here compared patients with mild Post-
COVID-19 syndrome and persistent headache (persistent Post-COVID-19 headache) lasting longer than 12 weeks after 
the initial serological diagnosis, to patients with mild and severe COVID-19 and COVID-19-negative controls. Levels of 
neurofilament light chain and glial fibrillary astrocytic protein, i.e. markers of neuronal damage and reactive astro-
gliosis, were lower in blood from patients with persistent Post-COVID-19 headache compared to patients with severe 
COVID-19. Hence, our pilot serological study indicates that long-term Post-COVID-19 headache may not be a sign of 
underlying neuronal damage or neuroinflammation.
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Neurological post-acute sequelae of SARS-CoV-2 infec-
tion (PASC) are common, although direct viral infection 
of the central nervous system (CNS) is rare [3, 6]. Instead, 
inflammatory mechanisms, parenchymal hypoxia or 
microvascular injuries may contribute to the develop-
ment of CNS injury, raising the possibility that these 
long-term symptoms may be accompanied by systemic 
biomarkers of neuronal damage or neuroinflammation.

Accordingly, recent studies evaluated neurofilament 
light chain (NfL) as a marker of neuronal injury and 
glial fibrillary acidic protein (GFAP) as a marker of reac-
tive astrogliosis and neuroinflammation in the blood of 

patients with acute COVID-19 and PASC. Although 
patients with severe acute COVID-19 had higher con-
centrations of NfL and GFAP than moderately/mildly 
affected COVID-19 patients or controls [4], the levels of 
these biomarkers subsequently returned to normal lev-
els and were not correlated with persistent neurological 
symptoms in patients with PASC [4]. However, these ini-
tial studies did not allow a subgroup analysis according 
to chief neurological complaint or primary symptoms. 
This is particularly relevant for persistent headache, a 
common and debilitating PASC symptom for several rea-
sons [5]. First, headache was a leading symptom associ-
ated with increased NfL and GFAP levels and increased 
mortality in acute COVID-19 patients [1]. Second, new 
persistent headache may also be an initial sign of chronic 
CNS inflammation such as cerebral vasculitis or autoim-
mune encephalitis [2].

Open Access

Neurological Research
and Practice

*Correspondence:  gabor.petzold@ukbonn.de

3 Division of Vascular Neurology, Department of Neurology, University 
Hospital Bonn, Bonn, Germany
Full list of author information is available at the end of the article

http://orcid.org/0000-0002-0145-8641
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s42466-022-00217-5&domain=pdf


Page 2 of 7de Boni et al. Neurological Research and Practice            (2022) 4:53 

Ta
bl

e 
1 

Pa
tie

nt
 c

ha
ra

ct
er

is
tic

s

G
ro

up
Pa

tie
nt

 #
Pr

im
ar

y 
sy

m
pt

om
/

di
ag

no
si

s
Se

co
nd

ar
y 

di
ag

no
si

s
W

ee
ks

 s
in

ce
 

CO
VI

D
-1

9 
in

fe
ct

io
n

A
ge

 (y
ea

rs
)

G
en

de
r

N
eu

ro
lo

gi
ca

l e
xa

m
cM

RI
CS

F

Pe
rs

is
te

nt
 P

os
t-

CO
VI

D
-1

9 
he

ad
ac

he
1

H
ea

da
ch

e
M

ig
ra

in
e

32
49

Fe
m

al
e

N
or

m
al

n.
a

N
o 

in
fla

m
m

at
or

y 
ch

an
ge

2
H

ea
da

ch
e

Re
cu

rr
en

t s
yn

co
pe

s
16

23
Fe

m
al

e
N

or
m

al
N

or
m

al
N

o 
in

fla
m

m
at

or
y 

ch
an

ge

3
H

ea
da

ch
e

N
on

e
52

46
Fe

m
al

e
N

or
m

al
N

or
m

al
N

o 
in

fla
m

m
at

or
y 

ch
an

ge

4
H

ea
da

ch
e

Be
ch

te
re

w
’s 

di
se

as
e

23
36

Fe
m

al
e

Fa
sc

ic
ul

at
io

ns
 ri

gh
t M

. 
va

st
us

 m
ed

N
or

m
al

N
o 

in
fla

m
m

at
or

y 
ch

an
ge

5
H

ea
da

ch
e

M
ig

ra
in

e
55

49
Fe

m
al

e
N

or
m

al
N

or
m

al
N

o 
in

fla
m

m
at

or
y 

ch
an

ge

6
H

ea
da

ch
e

N
on

e
21

51
Fe

m
al

e
N

or
m

al
n.

a
N

o 
in

fla
m

m
at

or
y 

ch
an

ge

M
ild

 C
O

VI
D

-1
9

7
En

ce
ph

al
op

at
hy

C
hr

on
ic

 h
ea

rt
 d

is
ea

se
, 

C
A

D
, h

yp
er

-c
ho

le
st

er
-

in
em

ia
, a

st
hm

a

60
64

M
al

e
D

el
iri

um
, r

ed
uc

ed
 

vi
gi

la
nc

e,
 a

tt
en

tio
n 

de
fic

it,
 c

on
fu

si
on

, 
ag

ita
tio

n

N
or

m
al

N
o 

in
fla

m
m

at
or

y 
ch

an
ge

8
Im

pa
ire

d 
ga

it
H

yp
er

th
yr

eo
si

s, 
re

flu
x

0
64

M
al

e
Se

ns
or

y 
at

ax
ia

M
ic

ro
an

gi
o-

pa
th

y
N

o 
in

fla
m

m
at

or
y 

ch
an

ge

9
En

ce
ph

al
op

at
hy

Pn
eu

m
on

ia
, c

ar
ot

id
 

st
en

os
is

2.
5

74
Fe

m
al

e
So

m
no

le
nc

e,
 

in
cr

ea
se

d 
m

us
cl

e 
to

ne

N
or

m
al

N
o 

in
fla

m
m

at
or

y 
ch

an
ge

10
D

ys
pn

ea
H

yp
ot

hy
re

os
is

, h
yp

er
-

te
ns

io
n

1
47

Fe
m

al
e

N
or

m
al

n.
a

n.
a

11
D

ys
pn

ea
AV

 b
lo

ck
 °I

10
60

M
al

e
N

or
m

al
n.

a
n.

a

12
Co

ug
h

D
ia

be
te

s 
ty

pe
 II

, 
ne

ph
ro

pa
th

y,
 h

yp
er

-
te

ns
io

n,
 d

em
en

tia

3
86

Fe
m

al
e

N
or

m
al

n.
a

n.
a

13
D

ys
pn

ea
N

on
e

1
42

Fe
m

al
e

N
or

m
al

n.
a

n.
a

14
D

ys
pn

ea
CO

PD
, C

A
D

, r
en

al
 

in
su

ffi
ci

en
cy

3
63

Fe
m

al
e

n.
a

n.
a

n.
a

15
Co

ld
 s

ym
pt

om
s

Li
ve

r t
ra

ns
pl

an
t, 

he
pa

-
tit

is
 C

, r
en

al
 in

su
f-

fic
ie

nc
y,

 o
st

eo
po

ro
si

s, 
D

ia
be

te
s 

ty
pe

 II

0
51

M
al

e
N

or
m

al
n.

a
n.

a

16
Fe

ve
r

A
ga

m
m

ag
lo

bu
lie

m
ia

1
29

M
al

e
N

or
m

al
n.

a
n.

a

17
Pe

rin
eu

rit
is

 n
. o

pt
ic

i
N

on
e

4
33

M
al

e
Re

du
ce

d 
vi

si
on

Pe
rin

eu
rit

is
 n

er
vi

 
op

tic
i

N
o 

in
fla

m
m

at
or

y 
ch

an
ge



Page 3 of 7de Boni et al. Neurological Research and Practice            (2022) 4:53 	

Ta
bl

e 
1 

(c
on

tin
ue

d)

G
ro

up
Pa

tie
nt

 #
Pr

im
ar

y 
sy

m
pt

om
/

di
ag

no
si

s
Se

co
nd

ar
y 

di
ag

no
si

s
W

ee
ks

 s
in

ce
 

CO
VI

D
-1

9 
in

fe
ct

io
n

A
ge

 (y
ea

rs
)

G
en

de
r

N
eu

ro
lo

gi
ca

l e
xa

m
cM

RI
CS

F

18
Im

pa
ire

d 
vi

si
on

A
lle

rg
ic

 a
st

hm
a

62
42

Fe
m

al
e

N
or

m
al

N
or

m
al

N
o 

in
fla

m
m

at
or

y 
ch

an
ge

19
Im

pa
ire

d 
ga

it
N

on
e

65
75

Fe
m

al
e

Se
ns

or
y 

at
ax

ia
n.

a
n.

a

20
PN

P
H

yp
er

te
ns

io
n

17
52

Fe
m

al
e

Se
ns

or
y 

at
ax

ia
n.

a
n.

a

21
Im

pa
ire

d 
ga

it
A

st
hm

a,
 c

ut
an

eo
us

 
t-

ce
ll 

ly
m

ph
om

a,
 

ac
an

th
ol

yt
ic

 d
er

m
a-

to
si

s

2
60

M
al

e
Se

ns
or

y 
at

ax
ia

n.
a

n.
a

22
Co

ld
 s

ym
pt

om
s

N
on

e
2

31
Fe

m
al

e
n.

a
n.

a
n.

a

23
Co

ld
 s

ym
pt

om
s

CO
PD

2.
5

65
M

al
e

N
or

m
al

n.
a

n.
a

Se
ve

re
 C

O
VI

D
-1

9
24

Co
ld

 s
ym

pt
om

s
Pr

os
ta

te
 c

an
ce

r
1

65
M

al
e

N
or

m
al

n.
a

n.
a

25
D

ys
pn

ea
St

ro
ke

, a
tr

ia
l fi

br
ill

a-
tio

n,
 h

yp
er

te
ns

io
n,

1
84

Fe
m

al
e

D
iff

er
en

t f
oc

al
 n

eu
ro

-
lo

gi
ca

l d
efi

ci
ts

n.
a

n.
a

26
Sy

nc
op

e
A

or
tic

 a
ne

ur
ys

m
, 

sl
ee

p 
ap

ne
a,

 a
or

tic
 

va
lv

e 
re

pl
ac

em
en

t, 
hy

pe
rc

ho
le

st
er

ol
em

ia

1
53

M
al

e
H

or
ne

r s
yn

dr
om

e 
rig

ht
 s

id
e,

 s
en

so
ry

 
de

fic
it 

le
ft

 lo
w

er
 a

rm

n.
a

n.
a

27
D

ys
pn

ea
Re

na
l i

ns
uffi

ci
en

cy
, 

C
A

D
, p

er
ip

he
ra

l a
rt

er
y 

di
se

as
e,

 a
tr

ia
l fi

br
ill

a-
tio

n,
 p

ro
st

at
e 

ca
nc

er
, 

hy
pe

rli
pi

de
m

ia
, 

di
ab

et
es

 ty
pe

 II

1
84

M
al

e
Re

du
ce

d 
vi

gi
la

nc
e

n.
a

n.
a

28
D

ys
pn

ea
A

ut
oi

m
m

un
e 

he
pa

ti-
tis

, h
yp

ot
hy

re
os

is
, l

iv
er

 
fib

ro
si

s, 
es

op
ha

ge
al

 
va

ric
es

0
54

Fe
m

al
e

no
rm

al
n.

a
n.

a

29
Co

ld
 s

ym
pt

om
s

C
A

D
, h

yp
er

te
ns

io
n,

 
di

ab
et

es
 ty

pe
 II

1
82

Fe
m

al
e

G
en

er
al

 w
ea

kn
es

s
n.

a
n.

a

30
D

ys
pn

ea
Ca

rd
io

m
oy

pa
th

y,
 C

LL
, 

hy
pe

rc
ho

le
st

er
em

ia
, 

ca
rd

io
m

yo
pa

th
y,

 
m

itr
al

 re
gu

rg
ita

tio
n 

°I

2
82

Fe
m

al
e

N
or

m
al

n.
a

n.
a

31
D

ys
pn

ea
Pe

rim
yo

ca
rd

iti
s, 

at
ria

l 
fib

ril
la

tio
n,

 c
rit

ic
al

 
ill

ne
ss

 m
yo

pa
th

y

64
68

Fe
m

al
e

H
yp

es
th

es
ia

n.
a

n.
a



Page 4 of 7de Boni et al. Neurological Research and Practice            (2022) 4:53 

Ta
bl

e 
1 

(c
on

tin
ue

d)

G
ro

up
Pa

tie
nt

 #
Pr

im
ar

y 
sy

m
pt

om
/

di
ag

no
si

s
Se

co
nd

ar
y 

di
ag

no
si

s
W

ee
ks

 s
in

ce
 

CO
VI

D
-1

9 
in

fe
ct

io
n

A
ge

 (y
ea

rs
)

G
en

de
r

N
eu

ro
lo

gi
ca

l e
xa

m
cM

RI
CS

F

32
D

ys
pn

ea
A

ut
oi

m
m

un
e 

he
pa

tit
is

, H
as

hi
m

ot
o 

Th
yr

oi
di

tis
, h

yp
er

te
n-

si
on

, C
O

PD
, c

rit
ic

al
 

ill
ne

ss
 m

yo
pa

th
y

4
64

Fe
m

al
e

Se
ns

or
y 

at
ax

ia
n.

a
n.

a

33
Co

ld
 s

ym
pt

om
s

H
yp

er
te

ns
io

n,
 

di
ab

et
es

 ty
pe

 II
, r

es
t-

le
ss

 le
gs

 s
yn

dr
om

e,
 

hy
po

th
yr

eo
si

s

3
76

Fe
m

al
e

n.
a

n.
a

n.
a

34
D

ys
pn

ea
H

ea
rt

 F
ai

lu
re

, a
tr

ia
l 

fib
ril

la
tio

n,
 h

yp
er

-
te

ns
io

n,
 D

ia
be

te
s 

m
el

lit
us

 II
, C

A
D

, 
hy

pe
rli

pi
de

m
ia

4
77

Fe
m

al
e

Ex
te

rn
al

 o
cu

lo
-m

ot
or

 
ne

rv
e 

pa
ls

y
n.

a
N

o 
in

fla
m

m
at

or
y 

ch
an

ge

CO
VI

D
-1

9-
ne

ga
tiv

e 
co

nt
ro

ls
35

PP
A

G
on

ar
th

ro
si

s, 
hy

pe
r-

ch
ol

es
te

rin
em

ia
, 

hy
pe

rh
om

oc
ys

te
in

e-
m

ia
, g

la
uc

om
a

0
62

Fe
m

al
e

Co
gn

iti
ve

 d
efi

ci
ts

Te
m

po
ra

l l
ob

e 
at

ro
ph

y
N

o 
in

fla
m

m
at

or
y 

ch
an

ge

36
Id

io
pa

th
ic

 in
tr

ac
ra

ni
al

 
hy

pe
rt

en
si

on
A

st
hm

a,
 th

yr
oi

d 
ca

rc
i-

no
m

a,
 s

ar
co

id
os

is
0

42
Fe

m
al

e
N

or
m

al
n.

a
N

o 
in

fla
m

m
at

or
y 

ch
an

ge

37
Id

io
pa

th
ic

 in
tr

ac
ra

ni
al

 
hy

pe
rt

en
si

on
N

on
e

0
32

M
al

e
N

or
m

al
n.

a
n.

a

38
H

ea
da

ch
e

N
on

e
0

39
M

al
e

N
or

m
al

n.
a

n.
a

39
N

on
e

N
on

e
0

27
Fe

m
al

e
N

or
m

al
n.

a
n.

a

40
N

on
e

D
ia

be
te

s 
m

el
lit

us
 II

0
34

Fe
m

al
e

N
or

m
al

n.
a

n.
a

41
Po

ly
ne

ur
op

at
hy

ob
st

ru
ct

iv
e 

sl
ee

p 
ap

ne
a,

 h
yp

og
on

ad
o-

tr
op

ic
 h

yp
og

on
ad

is
m

0
57

M
al

e
Se

ns
or

y 
at

ax
ia

n.
a

n.
a

42
Se

iz
ur

e
St

ru
ct

ur
al

 e
pi

le
ps

y,
 

as
th

m
a,

 S
po

nd
yl

os
e 

de
fo

rm
an

s, 
hy

pe
rt

en
-

si
on

0
73

M
al

e
Re

du
ce

d 
vi

gi
la

nc
e

n.
a

n.
a

43
n.

a
n.

a
n.

a
n.

a
n.

a
n.

a
n.

a
n.

a

44
n.

a
n.

a
n.

a
n.

a
n.

a
n.

a
n.

a
n.

a

45
n.

a
n.

a
n.

a
n.

a
n.

a
n.

a
n.

a
n.

a

46
n.

a
n.

a
n.

a
n.

a
n.

a
n.

a
n.

a
n.

a



Page 5 of 7de Boni et al. Neurological Research and Practice            (2022) 4:53 	

Ta
bl

e 
1 

(c
on

tin
ue

d)

G
ro

up
Pa

tie
nt

 #
Pr

im
ar

y 
sy

m
pt

om
/

di
ag

no
si

s
Se

co
nd

ar
y 

di
ag

no
si

s
W

ee
ks

 s
in

ce
 

CO
VI

D
-1

9 
in

fe
ct

io
n

A
ge

 (y
ea

rs
)

G
en

de
r

N
eu

ro
lo

gi
ca

l e
xa

m
cM

RI
CS

F

47
n.

a
H

em
op

hi
lia

 A
, l

iv
er

 
tr

an
sp

la
nt

, p
ol

yn
eu

-
ro

pa
th

y,
 re

na
l i

ns
uf

-
fic

ie
nc

y

0
68

M
al

e
n.

a
n.

a
n.

a

48
Co

ld
 s

ym
pt

om
s

N
on

e
0

37
Fe

m
al

e
N

or
m

al
n.

a
n.

a

So
m

e 
cl

in
ic

al
 d

at
a 

w
er

e 
no

t a
va

ila
bl

e 
du

e 
to

 e
th

ic
s 

pr
op

os
al

 re
st

ric
tio

ns
CO

PD
 c

hr
on

ic
 o

bs
tr

uc
tiv

e 
pu

lm
on

ar
y 

di
se

as
e,

 c
M

RI
 c

er
eb

ra
l m

ag
ne

tic
 re

so
na

nc
e 

im
ag

in
g,

 C
SF

 c
er

eb
ro

sp
in

al
 fl

ui
d,

 C
AD

 c
or

on
ar

y 
ar

te
ry

 d
is

ea
se

, C
LL

 c
hr

on
ic

 ly
m

ph
oc

yt
ic

 le
uk

em
ia

, P
PA

 p
rim

ar
y 

pr
og

re
ss

iv
e 

ap
ha

si
a,

 n
.a

. n
ot

 

ap
pl

ic
ab

le



Page 6 of 7de Boni et al. Neurological Research and Practice            (2022) 4:53 

Fig. 1  NfL and GFAP levels. A NfL levels in severe COVID-19 (n = 11) are significantly higher compared to persistent Post-COVID-19 headache 
(n = 6), mild COVID-19 (n = 17) and COVID-19-negative controls (n = 14; Kruskal–Wallis test followed by Dunn’s multiple comparisons test). B GFAP 
levels in persistent Post-COVID-19 headache (n = 6) were similar to compared to mild COVID-19 (n = 8) and COVID-19-negative controls (n = 8), but 
significantly lower compared to severe COVID-19 (n = 4; Kruskal–Wallis test followed by Dunn’s multiple comparisons test)

Therefore, in this pilot study we investigated NfL and 
GFAP levels in blood from Post-COVID-19 patients with 
new daily persistent headache (n = 6, all female), defined 
as being different from previous primary headaches (if 
any), having started after the initial serological diagno-
sis of SARS-CoV-2 infection and persisting longer than 
12 weeks. The quality of Post-COVID-19 headaches was 
described as a pounding or squeezing sensation, and the 
intensity was described as fluctuating between medium-
intensity and high-intensity. These patients had been 
classified as mild during acute infections according to 
the WHO definition, i.e. they did not require high flow 
oxygen therapy or ventilation. In comparison, we also 
analyzed blood NfL levels in male and female patients 
diagnosed with mild COVID-19 (n = 17), severe COVID-
19 (n = 11), and COVID-19-seronegative control sub-
jects (n = 14). Specimen were obtained 14 ± 24  weeks 
after the initial diagnosis in mild and 8 ± 19  weeks in 
severe COVID-19 patients, and 33 ± 17  weeks in Post-
COVID-19 headache patients.

GFAP levels were analyzed in all patients with Post-
COVID-19 headache, but were only available in n = 8 
patients with mild COVID-19, n = 4 severe COVID-19, 
and n = 8 COVID-19-negative controls.

All patient characteristics are described in Table 1. All 
measurements were performed on a SIMOA analyzer 
(Quanterix) using the corresponding SIMOA assay kits.

We found that NfL levels were similar in patients with 
persistent Post-COVID-19 headache, mild COVID-19 
and COVID-19-seronegative controls, but significantly 
elevated in severe COVID-19 compared to patients with 
persistent Post-COVID-19 headache (Fig. 1A). Similarly, 
GFAP levels were comparable in patients with persis-
tent Post-COVID-19 headache, mild COVID-19 and 
COVID-19-seronegative controls, but significantly ele-
vated in severe COVID-19 compared to persistent Post-
COVID-19 headache patients (Fig. 1B).

Thus, in contrast to severe COVID-19, we did not 
detect serological signs of CNS damage or reactive 
astrogliosis in patients presenting with persistent head-
ache after mild COVID-19. Therefore, our data argue 
against persistent headache as an indicator of ongoing 
or progressive parenchymal damage or neuroinflamma-
tion. Moreover, our study suggests that persistent post-
COVID-19 headache may be pathophysiologically and 
prognostically different from headache during acute 
COVID-19, which is often associated with elevated NFL 
and GFAP levels and may indicate increased mortality 
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[1]. On the other hand, our data indicate that patients 
with severe COVID-19, even without neurological mani-
festations, should be closely monitored for ongoing CNS 
damage as this subgroup exhibited increased NfL and 
GFAP levels even after the acute phase of COVID-19. 
Limitations of this pilot study include the small sample 
sizes, missing follow-up analyses and clinical heterogene-
ity of groups. However, our study supports recent analy-
ses that reported normal levels of CNS biomarkers in 
blood from COVID-19 patients with ongoing neurologi-
cal symptoms [1, 4].
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