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Abstract
The coronavirus disease 2019 (COVID-19) increases thrombotic risk. The mechanisms that lead to this prothrombotic state 
are not well established. The main aim was to evaluate the von Willebrand factor (VWF) antigen and plasma ADAMTS13 
activity as endothelial injury markers in COVID-19. We present a prospective study in COVID-19 patients recruited in our 
institution. VWF antigen, ADAMTS13 activity, D-dimer, and fibrinogen were measured during the first week once COVID-
19 was diagnosed. Fifty COVID-19 inpatients [44% in the intensive care unit (ICU)] and 102 COVID-19 outpatients were 
enrolled. Thirty age and gender matched non-COVID-19 ward inpatients and 30 non-COVID-19 healthy individuals were 
recruited. The COVID-19 inpatients had higher D-dimer, fibrinogen, and VWF antigen levels and a lower ADAMTS13 
activity compared with the COVID-19 outpatients (p < 0.05). ICU patients had higher D-dimer and VWF antigen levels 
compared with the ward patients and the lowest ADAMTS13 activity (p < 0.05). An imbalance in VWF antigen/ADAMTS13 
ratio was observed in COVID-19, reaching the highest in ICU patients. In contrast to other ward non-COVID-19 inpatients, a 
significative reduction in ADAMTS13 activity was observed in all COVID-19 patients. There is an increase in VWF antigen 
and an ADAMTS13 activity reduction in COVID-19 related to disease severity and could predict poor clinical outcomes. 
The ADAMTS13 activity reduction could be a marker associated with COVID-19 compared to other non-critical medical 
conditions.
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Highlights

• An endothelial disfunction is already present in early 
stages of COVID-19

• The VWF antigen increase and the ADAMTS13 activity 
reduction is related to COVID-19 severity

• ADAMTS13 activity reduction could be a marker asso-
ciated with COVID-19 compared to other non-critical 
medical conditions.

• Endothelial lesion markers research in COVID-19 could 
provide a new therapeutic approach.

Introduction

The novel coronavirus disease 2019 (COVID-19) is caused 
by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) [1]. SARS-CoV-2 is highly infectious and conta-
gious, and the high mortality rates worldwide represent an 
unmet challenge currently [2].

The development of coagulopathy is associated with poor 
prognosis. A procoagulant status in patients with pneumonia 
has been reported [3, 4].

An increase in D-dimer level is one of the most com-
mon hematological abnormalities found in hospitalized 
patients. Although older patients with comorbidities are 
known to have higher D-dimer levels, this abnormal-
ity in the context of COVID-19 promotes mortality due 
to COVID-19-derived complications [2]. Tang et  al. 
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described elevated D-dimer levels in non-survivors vs. sur-
vivors in COVID-19 [5]. Similarly, Huang et al. observed 
a higher D-dimer in patients requiring critical care support 
compared with patients who did not need it [6]. As a con-
sequence, patients with markedly increased D-dimer levels 
should be strictly followed-up and consider hospitalization 
despite not having severe symptoms.

Fibrinogen levels remain elevated in the context of 
acute infection and predict mortality [7]. Thachil et al., 
instead of the prothrombotic role, discussed a protective 
function for fibrinogen. As an acute-phase reagent, the 
fibrinogen level is increased in patients with COVID-19 
to protect the host [8]. Activated partial thromboplastin 
(APTT) is prolonged in few patients, probably due to the 
presence of lupus anticoagulant, which can induce throm-
botic events [9]. Other abnormalities include slightly pro-
longed prothrombin time and occasional mild thrombocy-
topenia [5, 10, 11].

However, the mechanisms that lead to this hypercoagu-
lable state are not clearly defined. The previously described 
hematological abnormalities contrast with those described 
in disseminated intravascular coagulopathy [12]. Global 
hemostatic assays are consistent with a state of hyperco-
agulability. In COVID-19 patients, the thromboelastography 
showed an increased maximum clot firmness and a shorter 
clot formation time [13, 14] while the thrombin generation 
test showed a normal thrombin generation capacity despite 
the administration of heparin [14].

COVID-19 represents a severe inflammatory disease, 
and proinflammatory markers are released. Endothelial 
injury associated with a cytokine storm contributes to the 
thromboinflammatory process [15]. The von Willebrand 
factor (VWF) is a large multimeric glycoprotein stored in 
endothelial cells and platelets and released in response to 
different stimuli, such as acute inflammatory processes [16]. 
ADAMTS13 is a metalloprotease expressed by hepatic and 
endothelial cells and is implicated in the cleavage of pro-
thrombotic ultra-large VWF multimers, contributing to the 
maintenance of hemostatic balance [12]. In this setting, 
acquired non-immune low ADAMTS13 levels could explain 
this thrombotic tendency. These findings could be related 
to ADAMTS13 consumption because of excess release of 
VWF, finally leading to thrombosis development. These 
clinical and laboratory data are compatible with thrombotic 
microangiopathy [17–19]. Therefore, it is crucial to clearly 
define coagulopathy to offer an appropriate therapeutic 
approach. Moreover, the mechanisms that induce this coagu-
lopathy are not well established.

The main objective of our study was to evaluate the 
role of VWF antigen and plasma ADAMTS13 activity as 
endothelial injury markers in patients with COVID-19. The 
secondary objective was to analyze whether ADAMTS13 
activity could be a prognostic marker associated with 

COVID-19 compared to other non-critical acute medical 
conditions.

Material and methods

Study design

We performed a prospective observational study involving 
patients with COVID-19 confirmed by polymerase chain 
reaction during April and May 2020 in our institution.

The exclusion criteria were age below 18 years, current 
pregnancy, cancer, history of venous thromboembolism, and 
individuals receiving anticoagulant or antiplatelet therapy 
at inclusion.

The patients were divided into two groups depending on 
whether hospitalization was needed. Inpatients were subclas-
sified into ward patients and those requiring intensive care.

All hospitalized patients received standard thrombo-
prophylaxis with enoxaparin at a dose of 40 mg daily and 
adjusted in case of renal impairment (glomerular filtra-
tion < 20 mg/mL), in agreement with the ISTH and CHEST 
guidelines and recommendations [20, 21].

We included two age and gender matched control groups 
recruited in our institution: (1) 30 non-COVID-19 ward 
inpatients with acute medical conditions and (2) 30 non-
COVID-19 healthy individuals.

The study was conducted in accordance with the basic 
principles of the World Medical Association Declaration of 
Helsinki and complied with the standards described in the 
European Union Guidelines for good clinical practice. This 
study was approved by the local ethics committee. All the 
patients provided signed informed consent prior to inclusion 
in the study.

Sample processing

Blood samples were obtained by direct vein puncture and 
anticoagulated with 0.129 M sodium citrate during the first 
week once COVID-19 was confirmed. Platelet-poor plasma 
was immediately obtained using double centrifugation 
at 2500×g for 15 min at 22 °C. The aliquots were stored 
at − 80 °C until processing. The samples were defrosted at 
37 °C for 10 min prior to analysis.

We measured the APTT ratio, international normalized 
ratio (INR), fibrinogen, and D-dimer levels with an auto-
mated coagulation analyzer (STA evolution, Stago, Paris, 
France) following the protocols from the manufacturer. 
Plasma ADAMTS13 activity and VWF antigen were meas-
ured using chemiluminescence (AcuStar, International Lab-
oratory, Bedford, MA, USA) following the protocols from 
the manufacturer. The platelet count was measured with an 
automated analyzer (Sysmex, Roche, Basel, Switzerland).
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Statistical analysis

The qualitative variables were described as absolute and 
relative frequencies, and the quantitative variables were 
described as the median and interquartile range (p25–p75). 
We used the Mann–Whitney U test or χ2-test to compare the 

differences between groups where appropriate. Statistical 
significance was set at 5% (p < 0.05). The statistical software 
used was IBM SPSS version 20 (Chicago, IL, USA).

Results

We included 152 COVID-19 patients. One-hundred and two 
patients were followed-up in the outpatient clinic and 50 
patients required hospitalization, 22 of whom were admit-
ted to the ICU.

The characteristics of patients at inclusion are shown in 
Table 1.

Hemostatic parameters are described in Table 2. We 
observed a significant higher D-dimer, fibrinogen, and 
VWF antigen levels and a significant lower ADAMTS13 
activity in COVID-19 inpatients than in COVID-19 out-
patients. The VWF antigen/ADAMTS13 activity ratio 

Table 1  Characteristics of COVID-19 patients at inclusion

Quantitative data are shown as median (p25–p75)
Qualitative data are shown as number (percentage)

Inpatients (n = 50) Outpatients 
(n = 102)

p-value

Age (years) 68.39 (61.43–79.05) 60.95 (48.30–69.03)  < 0.05
Male n (%) 34 (68) 60 (59) 0.12
Hypertension 31 (62) 36 (35)  < 0.05
Diabetes mellitus 16 (32) 17 (16)  < 0.05

Table 2  Hemostatic parameters including control groups and depending on whether patients required hospital admission

Data are expressed as median (p25–p75)
VWF antigen von Willebrand factor antigen
* p value: between COVID-19 inpatients and COVID-19 outpatients
** p value: between COVID-19 inpatients and non-COVID-19 inpatients
*** p value: between COVID-19 outpatients and non-COVID-19 inpatients
**** p value: between COVID-19 outpatients and non-COVID-19 healthy individuals
***** p value: between COVID-19 inpatients and non-COVID-19 healthy individuals

Parameter Non-COVID-19 
inpatients (n = 30)

Non-COVID-19 
healthy individuals 
(n = 30)

COVID-19 inpatients 
(n = 50)

COVID-19 Outpatients 
(n = 102)

p-value

D-dimer (µg/mL) 2.3 (0.4–1) 0.61 (0.33–0.94) 2.48 (0.88–6.86) 0.4 (0.27–0.56) < 0.05*

< 0.05**

< 0.05***

0.93****

< 0.05*****

Fibrinogen (mg/dL) 468 (323–381) 312 (210–250) 511 (395–568) 346.5 (291–374) < 0.05*

< 0.05**

< 0.05***

< 0.05****

< 0.05*****

ADAMTS13 activity (%) 85.1 (68.5–107.6) 99.9 (82.4–112.5) 44.4 (32.5–60.8) 59.9 (43.4–78.75) < 0.05*

< 0.05**

< 0.05***

< 0.05****

< 0.05*****

VWF antigen (%) 211.2 (132.2–311.2) 145.3 (103–176) 337.8 (270.0–394.9) 121.6 (95.75–151.95)  < 0.05*

< 0.05**

< 0.05***

0.19****

< 0.05*****

VWF antigen/
ADAMTS13 activity 
ratio

2.58 (1.46–3.99) 1.41 (1.20–1.95) 7.67 (4.67–13.68) 2.11 (1.39–3.17) < 0.05*

< 0.05**

0.25***

< 0.05****

< 0.05*****
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was significantly higher in COVID-19 inpatients than in 
COVID-19 outpatients.

A similar trend with statistical significance was detected 
between COVID-19 inpatients and non-COVID-19 inpa-
tients. The VWF antigen/ADAMTS13 activity ratio was 
significantly higher in COVID-19 inpatients than in non-
COVID-19 inpatients. However, between COVID-19 
outpatients and non-COVID-19 inpatients, we observed 
a lower ADAMTS13 activity and a reduction in fibrino-
gen and VWF antigen levels in COVID-19 outpatients 
(p < 0.05). D-dimer remained similar in both groups.

We also described the highest ADAMTS13 activity and 
the lowest VWF antigen/ADAMTS13 ratio and fibrino-
gen levels in non-COVID-19 healthy individuals than in 
COVID-19 patients (see Table 2).

APTT, INR and platelet count remained within the nor-
mal range in all groups.

In addition, we compared these parameters in COVID-19 
inpatients depending on whether intensive care was required. 
We observed significantly higher D-dimer and VWF antigen 
levels and significantly lower ADAMTS13 activity in ICU 
patients than in ward patients (see Table 3).

Furthermore, we evaluated changes in endothelial injury 
markers (ADAMST13 activity and VWF antigen) in survi-
vors (n = 143) and non-survivors (n = 9) COVID-19 patients. 
ADAMTS13 activity was lower in COVID-19 non-survi-
vors [39% (24.7–44.2%)] compared to COVID-19 survivors 
[55.45% (40.4–72.9%)], p < 0.05. VWF antigen was higher 
in COVID-19 non-survivors [370.2% (312–400%)] com-
pared to COVID-19 survivors [143.5% (104.5–218.9%)], 
p < 0.05 (see Fig. 1).

We also studied the correlation between hemostatic 
parameters in COVID-19 patients. Of note, ADAMTS13 
was inversely correlated with D-dimer, fibrinogen, and 
VWF antigen, all of which were statistically significant. In 

Table 3  Hemostatic parameters 
in ward patients vs. ICU 
patients

Data are expressed as mean and a confidence interval of 95%
VWF antigen von Willebrand factor antigen

Parameter Non-ICU (n = 28) ICU (n = 22) p-value

D-dimer (µg/mL) 0.89 (0.73–2.31) 4.64 (2.66–11.04)  < 0.05
Fibrinogen (mg/dL) 511 (383–561) 505 (400–576) 0.94
ADAMTS13 activity (%) 46.5 (40.4–60.9) 38.85 (26–60)  < 0.05
VWF antigen (%) 279.95 (217.15–345.15) 368.6 (336.3–400)  < 0.05
VWF antigen/ADAMTS13 activ-

ity ratio
5.67 (3.40–9.63) 11.28 (6.08–19.11)  < 0.05

Fig. 1  Median of ADAMTS13 
activity and VWF antigen in 
survivors and non-survivors 
COVID-19 patients
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addition, VWF antigen presented a direct significant cor-
relation, with both D-dimer and fibrinogen. Platelets also 
had a significant direct correlation with ADAMTS13 and an 
inverse correlation with VWF antigen (see Table 4).

ADAMTS13 activity was inversely correlated with hyper-
tension, diabetes mellitus and age, while VWF antigen was 
directly correlated with these cardiovascular risk factors (see 
Table 5).

Discussion

COVID-19-associated coagulopathy has been broadly dis-
cussed in the literature. This coagulopathy overlaps with 
disseminated intravascular coagulopathy (DIC) in critically 
ill patients with circulatory collapse and multi-organ failure. 
However, they usually do not meet the ISTH criteria for DIC 
[2, 22].

There is an association between inflammation and coagu-
lation. A noteworthy cytokine release, mainly IL-6, induces 
tissue factor overexposure in endothelial cells and mono-
cytes, triggering thrombin generation. This cytokine storm 
correlates with poor outcome [23, 24].

In patients with COVID-19, as confirmed in our study, 
there is a peculiar coagulopathy derived from the systemic 
inflammatory response associated with endothelial dysfunc-
tion [12].

We found a higher D-dimer level in COVID-19 inpatients 
than in COVID-19 outpatients. This was significantly higher 

in patients requiring intensive care than in ward patients. 
Consequently, D-dimer predicts poor outcome as the highest 
levels are present in critically ill patients [5, 6]. We would 
also like to remark that D-dimer was significantly increased 
in COVID-19 inpatients than in non-COVID-19 inpatients. 
Although D-dimer increases in hospitalized patients, it could 
be a hemostatic parameter of clinical worsening in COVID-
19, implying hospitalization.

VWF and ADAMTS13 are expressed by endothelial 
cells. Dysregulation of the vascular endothelium in acute 
hyperinflammation setting induces excess VWF released by 
endothelial cells. ADAMTS13 activity decreases in propor-
tion to the inflammatory response [12]. According to Katneni 
et al., this contrast between VWF and ADAMTS13 activity 
could be a consequence of inhibition and/or deficiency of 
ADAMTS13 activity [12]. In our study, ICU patients pre-
sented the lowest ADAMTS13 activity and the most elevated 
VWF antigen levels, with statistical significance between 
ward patients and ICU patients. Similarly, we found a signif-
icantly lower ADAMTS13 activity and more elevated VWF 
antigen in COVID-19 inpatients than in COVID-19 outpa-
tients. We also described a lower ADAMTS13 activity and 
a higher VWF antigen in COVID-19 inpatients compared 
with non-COVID-19 inpatients. However, when studying 
COVID-19 outpatients and non-COVID-19 inpatients, we 
detected a statistical reduction in ADAMTS13 activity in 
COVID-19 outpatients. VWF antigen and fibrinogen levels 
were reduced in COVID-19 outpatients compared with non-
COVID-19 inpatients, probably because these parameters 

Table 4  Correlation and 
statistical significance between 
hemostatic parameters in 
COVID-19 patients

D-dimer (µg/mL) Fibrinogen (mg/dL) ADAMTS13 
activity (%)

VWF antigen (%)

Fibrinogen (mg/dL) r = 0.14
p < 0.05

ADAMTS13 activity (%) r = − 0.19
p < 0.05

r = − 0.28
p < 0.05

VWF antigen (%) r = 0.55
p < 0.05

r = 0.54
p < 0.05

r = − 0.32
p < 0.05

Platelets r = − 0.01
p = 0.945

r = 0.01
p = 0.875

r = 0.20
p < 0.05

r = − 0.25
p < 0.05

Table 5  Correlation and 
statistical significance between 
endothelial injury markers and 
cardiovascular risk factors in 
COVID-19 patients

ADAMTS13 
activity (%)

VWF antigen (%) Hypertension Diabetes mellitus

VWF antigen (%) r =  − 0.32
p < 0.05

Hypertension r =  − 0.23
p = 0.11

r = 0.26
p < 0.05

Diabetes mesllitus r =  − 0.21
p = 0.21

r = 0.23
p = 0.12

r = 0.40
p < 0.05

Age r =  − 0.15
p = 0.25

r = 0.35
p < 0.05

r = 0.26
p < 0.05

r = 0.20
p = 0.11
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are acute reactive markers which are normally increased in 
hospitalized patients.

In our COVID-19 patients, the combination of low 
ADAMTS13 activity and elevated VWF levels may contrib-
ute to a microangiopathic state, more accentuated in criti-
cally ill patients and non-survivors. In agreement with our 
results, we consider that the decrease in ADAMTS13 activ-
ity could be due to hyper consumption of this protein when 
trying to break high molecular weight VWF multimers.

To emphasize this endothelial injury, the VWF antigen/
ADAMTS13 activity ratio was especially higher in patients 
requiring intensive care support than in ward patients (11.28 
vs. 5.67) and similarly in COVID-19 inpatients vs. COVID-
19 outpatients (7.67 vs. 2.11). Although this ratio was also 
increased in non-COVID-19 inpatients, it may be due to 
higher VWF levels in the setting of other acute inflammatory 
processes. Overall, there is a disproportion between VWF 
antigen and ADAMTS13 activity that could predict a poor 
prognosis in COVID-19 patients. This means that the higher 
the VWF antigen/ADAMTS13 activity ratio, the poorer the 
clinical outcome.

We would like to remark that the median ADAMTS13 
activity in COVID-19 outpatients was 59.9%, decreased 
to 46% in ward patients, and reached the lowest levels in 
ICU patients (38%), with statistical significance between 
groups. This implies a significative ADAMTS13 decrease 
in COVID-19 patients and contributes to explaining the pro-
coagulant tendency. This reduction is accentuated according 
to clinical severity. On the contrary, ADAMTS13 activity 
remained within normality in non-COVID-19 ward inpa-
tients and in healthy individuals.

To reinforce this procoagulant condition, we studied 
the correlation between different hemostatic parameters in 
COVID-19 patients. ADAMTS13 was inversely correlated 
with D-dimer, fibrinogen, and VWF antigen, all of which 
were statistically significant. In addition, VWF antigen pre-
sented a significant direct correlation with both D-dimer and 
fibrinogen. Of note, the strongest correlations were found 
between VWF antigen and D-dimer and between fibrinogen 
and VWF antigen, which are normally increased in acute 
inflammatory processes. In addition, the inverse correlation 
between ADAMTS13 and VWF antigen enhances the micro-
angiopathy state. Moreover, although no statistical differ-
ences between groups were found when evaluating platelet 
count, we found a direct correlation between ADAMTS13 
activity and platelets and an inverse correlation between 
VWF antigen levels and platelets.

Mancini et al. has recently published that an alteration in 
the VWF-ADAMTS13 axis in COVID-19 patients is related 
to disease severity. They designed a cross-sectional study 
including 50 critical admitted to 3 units of different intensity 
care and recruited 274 healthy volunteers tested for throm-
bophilia as control group [25]. However, we performed a 

prospective study and patients were divided into two groups 
depending on whether hospitalization was needed. Inpatients 
were subclassified into ward patients and those requiring 
intensive care. In agreement with Mancini et al., we found 
an imbalance in the VWF/ADAMTS13 ratio, more accentu-
ated in hospitalized patients, mainly those in the ICU. On 
top of that, in our study, patients that did not require hospi-
talization also had a discrepancy in the VWF/ADAMTS13 
ratio (ratio of 2.11), and this ratio increased in ward patients 
and reached the highest levels in ICU patients. That means 
that all COVID-19 patients, even those at early stages of 
the disease, referred a disproportion between VWF and 
ADAMTS13 activity. This VWF/ADAMTS13 ratio could 
be considered an evolutionary prognostic marker of clinical 
deterioration. In addition, we described an inverse corre-
lation between VWF antigen and ADAMTS13 that could 
reinforce the microangiopathic state.

Our COVID-19 inpatients had a higher incidence of 
hypertension and diabetes and were older than COVID-19 
outpatients. The combination of procoagulant parameters 
and the presence of cardiovascular risk factors promotes 
vascular inflammation and endothelial dysfunction. In fact, 
we found that these clinical factors inversely correlated 
with ADAMTS13 activity and directly correlated with 
VWF antigen.

The main strength of our study is that it is based on a 
broad prospective cohort of patients with COVID-19 in 
a single reference center for 2 months. In addition, we 
avoided possible confounding factors by excluding patients 
with hypercoagulable states (see exclusion criteria) and 
those treated with anticoagulants or antiplatelet treatments 
at inclusion. We also recruited 2 control groups, both inpa-
tients and healthy individuals without COVID-19.

Our study includes the largest series in the literature 
that evaluates both VWF and ADAMTS13 in COVID-19 
patients with different degrees of clinical severity. How-
ever, a multi-centric study with greater recruitment could 
reinforce our findings.

To conclude, the imbalance between VWF antigen and 
ADAMTS13 activity, expressed as a ratio between the two 
proteins is related to the severity of COVID-19 and could 
be potential prediction markers for poor clinical outcome. 
This imbalance was also observed in COVID-19 patients 
that did not require hospitalization.

In addition, ADAMTS13 activity could be a potential 
prognostic marker associated with COVID-19 compared 
to other non-critical acute medical diseases.
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manuscript.
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