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Persistent endotheliopathy in the pathogenesis of long COVID 
syndrome: Comment from von Meijenfeldt et al.

To the Editor
With great interest we read the recent brief report by Dr. Fogarty and 
colleagues providing evidence for persistent endothelial cell activa-
tion in convalescent COVID-19 patients.1 The authors showed that 
plasma levels of von Willebrand factor (VWF), factor VIII (FVIII), and 
soluble thrombomodulin were elevated at a median of 68 days after 
initial COVID-19 symptom resolution or discharge from the hospital. 
Interestingly, not all these patients experienced severe disease. Levels 
of endothelial injury markers were associated with long-term symp-
toms, including dyspnoea, fatigue, and concentration impairment, 
often referred to as long COVID. The authors intriguingly suggest 
that endothelial injury contributes to the pathogenesis of this syn-
drome. In accordance with Fogarty et al. we have previously shown 
sustained hemostatic alterations in plasma of patients 4 months after 
hospital admission with COVID-19 infection.2 Here, we would like to 
share follow-up data from this cohort at 8 and 12 months after initial 
COVID-19, and associate the hemostatic status at these time points 
with functional impairment post–COVID-19 to assess whether he-
mostatic changes may indeed be linked to long COVID. We included 
44 patients from the COMMUNITY (COVID-19 Immunity) study 
who were admitted to Danderyd Hospital, Stockholm, Sweden, with 
COVID-19 between April and June 2020, as described previously.3 
Blood samples were drawn on admission and at 4, 8, and 12 months 
after hospital discharge. We performed various assays to assess the 
hemostatic status of these patients, including plasma levels of hemo-
static proteins, a thrombin generation assay, and a functional assay 
of fibrinolysis. These methods and other specifics of this cohort have 
been described elsewhere.3 We compared the hemostatic status of 
patients at 8- and 12-month follow-up with that on admission, and at 

the 4-month follow-up (the latter have been published previously2). 
We included previously described reference values of the various 
tests performed established in 29 healthy controls. To assess func-
tional impairment post–COVID-19, the Sheehan Disability Scale was 
used, and determined by questionnaires at the 8- and 12-month 
follow-ups. Participants were asked to score the impact of their 
symptoms on work life, social life, and family life. Functional impair-
ment was scored as follows; 0: none, 1–3: mild, 4–6: moderate, 7–10: 
marked. All participants gave informed consent and the study was 
approved by the Stockholm Ethical Review Board.

Table  1 displays the hemostatic status of COVID-19 patients 
on admission and 4, 8, and 12  months after hospital discharge. 
D-dimer levels that are known to be markedly elevated during 
COVID-19 infection declined to comparably low levels at 4-, 8-, and 
12-month follow-up, although levels remained numerically higher 
than in healthy controls. VWF and FVIII also decreased over time 
and were comparable to levels in healthy controls 12 months after 
hospital discharge. Plasminogen activator inhibitor type 1 (PAI-1) 
levels were substantially elevated on admission and at 4  months 
after discharge,3 and, despite a gradual decline, remained signifi-
cantly elevated both 8 and 12  months after hospital discharge 
compared to levels found in healthy controls, which may be related 
to obesity, which is known to be associated with elevated PAI-1 
levels.4 In addition, clot lysis time, which is determined in part by 
PAI-1 plasma levels, remained significantly prolonged at 8- and 
12-month follow-ups compared to healthy controls. Thrombin 
generation potential was still elevated at 8 months post–hospital 
discharge, but was comparable to healthy controls at 12 months. 
Interestingly, a recent study using rotational thromboelastometry 
to assess clot formation and fibrinolysis showed normalization of 
these parameters at 6 months after discharge of the intensive care 
for COVID-19.5

Manuscript handled by: David Lillicrap 

Final decision: David Lillicrap, 18 October 2021  

https://doi.org/10.1161/circulationaha.113.005663
https://doi.org/10.1111/jth.15448


268  |    LETTERS TO THE EDITOR 

TA
B

LE
 1

 
H

em
os

ta
si

s 
te

st
s 

in
 C

O
V

ID
-1

9 
pa

tie
nt

s 
on

 a
dm

is
si

on
 a

nd
 a

t 4
-m

on
th

, 8
-m

on
th

, a
nd

 1
2-

m
on

th
 fo

llo
w

-u
p 

co
m

pa
re

d 
to

 h
ea

lth
y 

co
nt

ro
ls

H
ea

lth
y 

co
nt

ro
ls

 
(n

 =
 2
9)

CO
V
ID
-1
9 
pa
tie
nt
s 

on
 a

dm
is

si
on

 (n
 =
 4
4)

CO
V
ID
-1
9 
pa
tie
nt
s 4
-

m
on

th
 fo

llo
w

-u
p 

(n
 =
 4
4)

CO
V
ID
-1
9 
pa
tie
nt
s 8
-

m
on

th
 fo

llo
w

-u
p 

(n
 =
 4
4)

CO
V
ID
-1
9 
pa
tie
nt
s 1
2-


m
on

th
 fo

llo
w

-u
p 

(n
 =
 4
4)

P-
va

lu
e

H
ea
lth
y 
co
nt
ro
ls
 v
s.
 8
-m
on
th
/1
-y
ea
r 

fo
llo

w
-u

p

St
an

da
rd

 h
em

os
ta

si
s 

te
st

s

D
-d

im
er

 (n
g/

m
L)

29
0 

[2
05

–4
45

]
11

10
 [6

40
–1

91
0]

a,
b,

c
39

0 
[3

13
–5

10
]

42
0 

[2
58

–5
55

]
36

0 
[2

95
–6

05
]

.0
3/

.0
4

A
dd

iti
on

al
 h

em
os

ta
si

s 
te

st
s

Fa
ct

or
 V

III
 (%

)
13

6 
[1

14
–1

57
]

21
8 

[1
62

–2
82

]a,
b,

c
15

9 
[1

32
–1

96
]e

15
1 

[1
23

–1
87

]
14

9 
[1

25
–1

81
]

.0
3/

.0
6

V
W

F 
(%

)
10

8 
[8

3–
12

8]
34

8 
[2

48
–4

13
]a,

b,
c

12
0 

[8
6–

15
3]

11
8 

[8
8–

15
2]

10
0 

[8
2–

14
2]

.2
7/

.9
7

PA
I-1

 (n
g/

m
L)

0.
60

 
[0

.1
0–

0.
75

]
2.

60
 [1

.8
3–

4.
78

]b
2.

80
 [0

.7
0–

4.
90

]d
1.

08
 [0

.5
2–

2.
61

]
1.

54
 [0

.7
7–

2.
63

]
<

.0
1/

<
.0

01

Th
ro

m
bi

n 
ge

ne
ra

tio
n 

as
sa

y

ET
P 

(n
M

 II
a*

m
in

)
60

6 
[4

22
–7

73
]

79
6 

[5
86

–9
32

]c
85

5 
[6

99
–9

80
]e

76
0 

[6
25

–8
52

]f
62

3 
[4

69
–7

18
]

<
.0

1/
.6

9

Pe
ak

 (n
M

 II
a)

16
7 

[1
23

–2
15

]
21

5 
[1

69
–2

67
]

24
3 

[1
96

–2
79

]e
24

2 
[2

01
–2

69
]f

19
2 

[1
53

–2
30

]
<

.0
01

/.1
1

La
g 

tim
e 

(m
in

)
2.

00
 

[1
.6

7–
2.

00
]

2.
65

 [2
.0

0–
3.

00
]a,

b,
c

2.
00

 [1
.6

7–
2.

33
]d,

e
2.

00
 [1

.6
7–

2.
00

]
2.

00
 [1

.6
7–

2.
00

]
.5

9/
.4

8

Ve
lo

ci
ty

 in
de

x 
(n

M
 

IIa
/m

in
)

77
 [6

2–
11

2]
97

 [6
7–

12
3]

a,
b

13
4 

[9
4–

16
1]

e
13

9 
[1

17
–1

54
]f

10
0 

[8
0–

13
1]

<
.0

01
/.0

3

C
lo

t l
ys

is
 ti

m
e 

(m
in

)
66

 [6
2–

70
]

82
 [7

0–
91

]
77

 [6
7–

85
]

77
 [6

9–
89

]
74

 [6
7–

91
]

<
.0

01
/<

.0
1

N
ot

e:
 T

he
 re

su
lts

 a
re

 p
re

se
nt

ed
 a

s 
m

ed
ia

n 
[in

te
rq

ua
rt

ile
 ra

ng
e]

. C
om

pa
ris

on
s 

be
tw

ee
n 

pa
tie

nt
s 

on
 a

dm
is

si
on

 a
nd

 fo
llo

w
-u

p 
w

er
e 

m
ad

e 
us

in
g 

re
pe

at
ed

 m
ea

su
re

s 
an

al
ys

is
 o

f v
ar

ia
nc

e.
 C

om
pa

ris
on

s 
w

ith
 

he
al

th
y 

co
nt

ro
ls

 w
er

e 
m

ad
e 

w
ith

 th
e 

us
e 

of
 th

e 
M

an
n-

W
hi

tn
ey

 U
 te

st
. A

 P
-v

al
ue

 <
.0

5 
w

as
 c

on
si

de
re

d 
st

at
is

tic
al

ly
 s

ig
ni

fic
an

t.
A

bb
re

vi
at

io
ns

: E
TP

, e
nd

og
en

ou
s 

th
ro

m
bi

n 
po

te
nt

ia
l; 

PA
I-1

, p
la

sm
in

og
en

 a
ct

iv
at

or
 in

hi
bi

to
r t

yp
e 

1;
 V

W
F,

 v
on

 W
ill

eb
ra

nd
 fa

ct
or

.
a Si

gn
ifi

ca
nt

 d
iff

er
en

ce
 b

et
w

ee
n 

ad
m

is
si

on
 v

s.
 4

-m
on

th
 fo

llo
w

-u
p.

b Si
gn

ifi
ca

nt
 d

iff
er

en
ce

 b
et

w
ee

n 
ad

m
is

si
on

 v
s.

 8
-m

on
th

 fo
llo

w
-u

p.
c Si

gn
ifi

ca
nt

 d
iff

er
en

ce
 b

et
w

ee
n 

ad
m

is
si

on
 v

s.
 1

2-
m

on
th

 fo
llo

w
-u

p.
d Si

gn
ifi

ca
nt

 d
iff

er
en

ce
 b

et
w

ee
n 

4-
m

on
th

 v
s.

 8
-m

on
th

 fo
llo

w
-u

p.
e Si

gn
ifi

ca
nt

 d
iff

er
en

ce
 b

et
w

ee
n 

4-
m

on
th

 v
s.

 1
2-

m
on

th
 fo

llo
w

-u
p.

f Si
gn

ifi
ca

nt
 d

iff
er

en
ce

 b
et

w
ee

n 
8-

m
on

th
 v

s.
 1

2-
m

on
th

 fo
llo

w
-u

p.



    | 269LETTERS TO THE EDITOR 

Next, we assessed functional impairment of convalescent 
COVID-19 patients 8 and 12  months after hospital discharge. 
Notably, approximately 15% of patients reported marked impair-
ment of their functioning 1 year after initial COVID-19. Overall, the 
impact of complaints on the three aspects of life decreased over 
time (Wilcoxon signed ranked test, median [interquartile range (IQR)] 
Sheehan score 8 vs. 12 months; work life 5 [0–5] vs. 2 [0–5] P = .007, 
social life 3 [0–5] vs. 3 [0–6] P = .071, family life 2 [0–6] vs. 2 [0–5] 
P = .011). Hemostatic markers at 8 and 12 months were not associ-
ated with severity of post-COVID complaints in any of the domains of 
life. In addition, we compared hemostatic markers between patients 
with none or mild complaints with patients with moderate to marked 
complaints at 8 and 12 months post–hospital discharge, and found no 
difference in hemostatic markers between these two groups in any of 
the domains of life (Table S1 in supporting information).

In conclusion, our results suggest that endothelial cell activation 
and plasma hypercoagulability assessed with thrombin generation 
assays persist up to 8 months after hospital discharge, and normalize 
after 1 year. A hyperfibrinolytic state persists at 12 months, but this 
may be related to obesity. In this study, hemostatic markers were not 
associated with functional impairment scored by patients, which con-
trasts with the data from Fogarty and colleagues, which were scored 
at a median of 68 days after symptom resolution or hospital discharge. 
We determined functional impairment scores at 8 and 12  months 
after initial disease. Functional impairment scores at 4 months were 
not available in our cohort, nor did we perform a 6-min walking test 
as described by Fogarty et al. We concur that ongoing endothelial cell 
activation and hypercoagulability may contribute to long COVID, al-
though our data indicate that larger and more detailed investigations 
into factors that contribute to long COVID are warranted.
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