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COVID-19 and coagulopathy : high prevalence of venous 
thromboembolism events

Up to 40% (95%CI 27-54)

Despite the use of thromboprophylaxis

DV
T 

sc
re

en
in

g 

Nopp S et al, Res Pract Thromb Haemost. 2020

Thrombo4c risk in intensive care unit COVID-19/ non COVID-19 ≃ x 3 

J Poissy, J Goutay, M Caplan, E Parmentier, T Duburcq, F 
Lassalle, E Jeanpierre, A Rauch, J Labreuche, S Susen,  For the 

Lille Haemostasis COVID-19 Group
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COVID-19 coagulopathy: autopsy studies

Fox SE et al, Lancet respir med. 2020, 
Ackermann M et al, N Engl J Med,.2020,
Nicolaï, L et al J Thromb Haemost. 2020

Large vessels andMicrocircula4on (lung, 
liver, kidney, heart, …) 

Severe endothelial cell damages

Varga Z et al, Lancet, 2020

Trigger thrombi formation

• Apoptosis

• Loss of *ght junc*ons

• Separa*on from 

basement membranes

Diffuse endotheliopathy
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Von Willebrand factor (VWF)

"

Important role in haemostasis, par8cularly within microvasculature

Contribu4on to COVID-19-associated thrombi forma4on ? 

"
"

VWF

ADAMTS 13
Ultra-high VWF multimers

Platelets

Weibel-Palade bodies

Endothelial cells
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COVID-19 : high VWF/ADAMTS 13 ratio 

COVID-19 Controls

Favaloro EJ et al, Semin Thromb Hemost, 2021

VWF ADAMTS 13

Markedly ↗↗ VWF and mild to moderate ADAMTS 13 deficiency

Hypercoagulable state – high risk of thrombus forma4on
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VWF levels and severity of COVID-19

Poissy J et al, Circulation, 2020
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Rauch A et al, J Thromb Haemost, 2020

243 COVID-19 patients  
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Dupont A et al, Arterioscler Thromb Vasc Biol, 2021

82 ICU COVID-19 pa;ents – occurrence within 14 day of ICU admission

VWF levels and severity of COVID-19

Respiratory failure Liver injury

Adjusted on 
age, sex and 

BMI

82 ICU COVID-19 patients – occurrence within 14 day of ICU admission
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Presence of ultra-high molecular weight VWF 
multimers in COVID-19 patients plasma

36 severe COVID-19 pa;ents

COVID-19 paDents

High

Low

VW
F 

m
ul

Lm
er

s

Agarose gel electrophoresis  + anti VWF antibody

M
ig
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tio

n

Turecek PL et al, Thromb Res, 2021
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Venous 
thromboembolism 

events

Severity 
of disease

Oxygen 
requirements

High care
intensity 

VWF propeptide (VWFpp) and severity of COVID-19

Markedly ↗ plasma VWFpp

Ward SE et al, Br J Haematol, 2021, Mancini I et al, J Thromb Haemost, 2021

PropepLde (pp) VWF

Normal range

20
21

 ©
 S

oc
iét

é F
ran

ça
ise

 de
 Tr

an
sfu

sio
n S

an
gu

ine
, T

ou
s d

roi
ts 

rés
erv

és
 - T

ou
te 

rep
rod

uc
tio

n m
êm

e p
art

iel
le 

es
t in

ter
dit

e.

20
19

 ©
 S

oc
iét

é F
ran

ça
ise

 de
 Tr

an
sfu

sio
n S

an
gu

ine
, T

ou
s d

roi
ts 

rés
erv

és
 - T

ou
te 

rep
rod

uc
tio

n m
êm

e p
art

iel
le 

es
t in

ter
dit

e.

20
21

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e.

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 es
t in

ter
dit

e.

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e



Meta-analysis of VWF and outcome in COVID-19

Adrianto et al. Microvasc Res 2021
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VWF propeptide (VWFpp) and severity of COVID-19

Markedly ↗ plasma VWFpp

Substantial endothelial cell 
damages

High plasma VWF levels

Presence of UHMV VWF mulLmers in plasma

Dupont A et al, Arterioscler Thromb Vasc Biol, 2021

Hypercoagulable state

Thrombosis
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Endothelial cell damages and COVID-19

Substantial endothelial cell 
damages

High plasma VWF levels

Direct viral infec4on ? 

Hypercoagulable state

Thrombosis
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Endothelial cell damages and COVID-19

Post-mortem studies

Varga Z et al, Lancet, 2020
Ackermann M et al, N Engl J Med,.2020,

Fox SE et al, Lancet respir med, 2020

High plasma VWF levels

Direct viral infection ? 

SubstanDal endothelial cell 
damages

Hypercoagulable state

Thrombosis
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COVID-19 endotheliopathy : 
1/No direct viral infection

McCracken et al. Circula8on 2021

Lack of Evidence of ACE2 
Expression and 

Replicative Infection by 
SARSCoV-2 in Human

Endothelial Cells
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McCracken IR, Circulation, 2021

Endothelial cell damages and COVID-19

Post-mortem studies

Varga Z et al, Lancet, 2020
Ackermann M et al, N Engl J Med,.2020,

Fox SE et al, Lancet respir med, 2020

High plasma VWF levels

Direct viral infection ? 

SubstanDal endothelial cell 
damages

Hypercoagulable state

Thrombosis
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Indirect via circulating mediators ? 

Endothelial cell damages and COVID-19

Direct viral infec4on ? 

High plasma VWF levels

Substantial endothelial cell 
damages

Hypercoagulable state

Thrombosis
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Endothelial cell damages and COVID-19:
Direct inflammatory cytotoxycity?
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Injury to glycocalyx in severe COVID-19

Microfluidic chamber with cultured endothelial cells
perfusion with serum

Stahl et al. Am J Respir Crit Care Med 2020

Endothelial cell damages and COVID-19:
Direct inflammatory cytotoxycity?

Heparan Sulfate
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• Plasma sampled on admission
from 28 consecutive patients
(non-ICU, n=16; ICU, n=12)

• In convalescent patients (n=6 from
the 12 patients in the ICU)
sampled after ICU discharge
(mean±SD, 21±7 days)

• Control healthy donors (n=8)
• Positive control = shigatoxin

Endothelial cell damages and COVID-19:
role of plasma 
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Endothelial cell damages and COVID-19:
role of plasma 

Human pulmonary microvascular endothelial cells

+

mitochondrial activity (WST-1 test) 
1 hour after incubation of cells with plasma

• Plasma sampled on admission
from 28 consecuLve paLents
(non-ICU, n=16; ICU, n=12)

• In convalescent paLents (n=6 from
the 12 paLents in the ICU)
sampled a^er ICU discharge
(mean±SD, 21±7 days)

• Control healthy donors (n=8)
• PosiLve control = shigatoxin
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Human pulmonary microvascular endothelial cells viability after exposure to plasma (1 hour) 

Rauch A, Dupont A et al, Circulation, 2020

Endothelial cell damages and COVID-19:
role of plasma 

COVID-19

Rapidity of the effect
excludes a direct cytopathic effect 

by SARS-COV-220
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HPMVEC viability and COVID-19

Partial pressure of oxygen /Fraction of inspired oxygen  
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Rauch A, Dupont A et al, Circulation, 2020
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HPMVEC viability and COVID-19

Cell viability (Human Pulmonary MicroVascular Endothelial Cells)

PaO2/FIO2
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Rauch A, Dupont A et al, Circulation, 2020
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VWF, dysregulated immune response and COVID-19

Complement

Neutrophil extracellular traps (NETs)

TNF-a

IL-2R

82 ICU COVID-19 pa;ents 

IL-6

Inflammatory cytokines Nucleosomes Cell-free DNA

C5b-9

Myeloperoxydase-DNA

Dupont A et al, Arterioscler Thromb Vasc Biol, 2021
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Stainings Senna Staessens, Unpublished data

Red blood cells
Fibrin

Analysis of Thrombi retrieved from venovenous ECMO 
circuits

Non COVID COVID
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Analysis of thrombi collected in critically ill living patients on 
extracellular membrane oxygenation

COVID-19

Non COVID-19

Immune response and endotheliopathy promote immunothrombosis

Accumulation of VWF, macrophages, neutrophils and NETs when compared to 
non-COVID-19 thrombi

H3cit

Dupont A et al, Arterioscler Thromb Vasc Biol, 2021

20
21

 ©
 S

oc
iét

é F
ran

ça
ise

 de
 Tr

an
sfu

sio
n S

an
gu

ine
, T

ou
s d

roi
ts 

rés
erv

és
 - T

ou
te 

rep
rod

uc
tio

n m
êm

e p
art

iel
le 

es
t in

ter
dit

e.

20
19

 ©
 S

oc
iét

é F
ran

ça
ise

 de
 Tr

an
sfu

sio
n S

an
gu

ine
, T

ou
s d

roi
ts 

rés
erv

és
 - T

ou
te 

rep
rod

uc
tio

n m
êm

e p
art

iel
le 

es
t in

ter
dit

e.

20
21

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e.

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 es
t in

ter
dit

e.

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e

20
19

 ©
 S

oc
iét

é F
ra

nç
ais

e d
e T

ra
ns

fus
ion

 S
an

gu
ine

. T
ou

s d
ro

its
 ré

se
rvé

s -
 To

ute
 re

pr
od

uc
tio

n m
êm

e p
ar

tie
lle

 e



SARS-CoV-2 infection

Summary

↗ ↗ ↗ VWF plasma levels 

Endothelial cell damages

Inflammatory 
cytokines

NETs Complement
cascade

Hypercoagulable state

High risk of immunothrombosis

Dysregulation of 
immune response 
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Future invesPgaPons

• Evaluate in prospecLve studies the possibility of rouLnely measuring circulaLng levels of

VWF as prognosLc predicLve markers of severe COVID-19,

• Assess whether these mechanisms could be translated to pneumonia related to other

viruses (Sars, Mers or Influenza),

• Determine whether therapeuLc intervenLons targeLng VWF may have an impact on

paLent’s prognosis : recombinant ADAMTS-13, caplacizumab

•Impact of viral mutaLons on endothelial damage
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