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Increased von Willebrand factor antigen and low ADAMTS13
activity are related to poor prognosis in covid-19 patients

Dear Editors,

The coronavirus disease 2019 (COVID-19) emerged in December
2019 and spread worldwide very quickly. The clinical course of
the disease varies from complete recovery to an acute respiratory
distress syndrome. Patients with COVID-19 usually show a coag-
ulopathy characterized by a marked increase in D-dimer, but with
a low incidence of both thrombocytopenia and hypofibrinogenae-
mia. Also, a tendency to develop thrombosis has been described.*?
These features are different from the coagulopathy observed in
other infections and from common disseminated intravascular co-
agulation (DIC).2 A considerably marked increase in inflammation
markers has been observed in patients with COVID-19 disease,*®
and this pro-inflammatory state can cause endothelial dysfunction,
an increase in tissue factor and von Willebrand factor (VWF) release
and an activation of the coagulation cascade, leading altogether to
a prothrombotic situation. A disintegrin and metalloprotease with
thrombospondin motif 13 (ADAMTS13) regulates the size of VWF
multimers and is known to be a marker of endothelium dysfunction
in sepsis, and changes in ADAMTS13 and VWF have been reported
in the context of an endothelial activation.””? Furthermore, ultra-
structural features of endothelial cell destruction and SARS-CoV-2
visible within the cell have been described in patients who died from
COVID-19.1°

We aimed to assess the possible involvement of ADAMTS13 in
the coagulopathy associated with COVID-19 and its relevance in the
severity and prognosis of the infection.

We carried out a retrospective study in 100 consecutive PCR-
proven COVID-19 hospitalized patients between 15 March and 1
April 2020. Demographic and clinical information, and laboratory
data were obtained from the hospital electronic medical records at
the time of admission. Patients were classified into two groups ac-
cording to the severity of COVID-19 disease: nonsevere disease and
severe disease. Patients were classified as severe if at least one of
the following criteria was met: hypoxaemia in need for invasive me-
chanical ventilation, D-dimer plasma concentration >3000 ng/mL
and at least three of the next: CRP > 15 mg/dL, ferritin > 1000 ng/
mL, D-dimer > 1,500 ng/mL, lymphopenia < 800 x 10°/L and/
or IL-6 > 40. 50 patients were classified as severe COVID-19
disease cases and 50 as nonsevere form of COVID-19 disease.
Blood samples were collected at patient's admission. Laboratory
results for prothrombin activity (PA; RecombiPlasTin 2G), active
partial thromboplastin (aPTT; SynthAslL), derived fibrinogen and
D-dimer (D-Dimer HS 500) were measured using an ACL-TOP

550 coagulation analyser (Werfen Diagnostics). VWF antigen and
ADAMTS13 activity were performed using chemiluminescent as-
says in ACL AcuStar analyser (Werfen). Platelet and lymphocyte
counts were performed in DxH900 analyser (Beckman Coulter).
LDH, CRP and ferritin were performed in a Cobas 8000 analy-
ser (Roche Diagnostics). IL-6 was measured by cytometric bead
array (Becton). Continuous variables are presented as median
and interquartile range, and discrete variables as numbers and
percentage. Normality distribution was tested in our data; the
Mann-Whitney test was used to analyse differences in continuous
variables. Spearman's r was used to explore the relationship be-
tween ADAMTS13 and VWF, D-dimer, ferritin and LDH. Fisher's
exact was used to explore the association between ADAMTS13
activity below median value and increased D-dimer plasma con-
centration. The Kaplan-Meier analysis was performed to assess
whether ADAMTS13 activity can predict mortality, and patients
were tracked for 60 days. Univariate and multivariate analyses
were performed to assess the influence of laboratory values on
the risk of death. Statistical significance was set at P values <.05.
Statistical analyses were performed using 18M spss 23.0 (IBM Inc).
A total of 100 hospitalized patients with confirmed COVID-19
were included in the study. Of the 100 patients, 50 were consid-
ered as severe COVID-19 disease cases and 50 as nonsevere form of
COVID-19 disease. Median age was 60.5 years. Regarding age, there
were no significant differences between both groups, and 55% of
patients were older than 60 years. There were 70% males and 30%
females. 4 cases developed venous thromboembolism during admis-
sion and 1 case presented an arterial thrombotic event, all of them
within the severe disease group. All patients received low molecular
weight heparin (LMWH) as thromboprophylaxis. Overall, there were
19 deaths (19%), all of them in the severe disease group. Analytical
data of the whole sample and of both groups are shown in Table 1.
D-dimer, ferritin and lactate dehydrogenase were significantly
increased in the severe COVID-19 disease cases. Severe cases had
significantly lower ADAMTS13 activity and higher plasma concen-
tration of VWF (Table 2). ADAMTS13 activity was negatively cor-
related with VWF-Ag (Spearman'sr: -.52, P <.0001), D-dimer plasma
concentration (Spearman's r: .41, P < .0001), ferritin (Spearman's
r: -.44, P < .0001) and LDH (Spearman's r: -.33, P = .001). In mul-
tivariate analysis, D-dimer > 1079 ng/mL (odds ratio: 2.83, Cl:
1.07-7.5, P = .03) and ferritin > 1163 ng/mL (odds ratio: 3.82, Cl:
1.2-12.1, P = .02) were significantly associated with increased risk of
ADAMTS13 activity lower than the median value (61%).
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TABLE 1 Analytical parameters

Parameter

PA (%), median (IQR)

aPTT, median (IQR)

Fibrinogen, median (IQR)

D-Dimer, median (IQR)

Platelets, median (IQR)

Lymphocyte, median (IQR)

IL-6, median (IQR)

CRP, median (IQR)

Ferritin, median (IQR)

LDH, median (IQR)

Whole sample (100)

85%
(77-92)

29.6s
(27.4-31.9)

700 mg/dL
(564-884)

1089 ng/mL
(550-2512)

326x10%/L
(215-438)
1000x10°/L
(700-1375)

34 pg/mL
(9.5-516)

5.89 mg/dL

(1.91-14.7)

1163 ng/mL
(453-2226)

380 U/L
(289-483)

Nonsevere COVID-19 (50)
85%
(75.6-92.3)

29.7 s
(27.6-31.5)

673 mg/dL
(568-827)

639 ng/mL
(413-1070)

332 x10%/L
(221-456)
1000x10°/L
(675-1325)

23 pg/mL
(7-510)
4.5 mg/dL
(1.1-13.8)

674 ng/mL
(420-1190)

341 U/L
(264-428)
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Severe COVID-19 (50)

85.5%
(78.8-92)

294 s
(27.3-32.2)
706 mg/dL
(559-924)
2079 ng/mL
(1112-5411)
324 x10%/L
(212-418)
1000x10°/L
(700-1400)

34.5 pg/mL
(15.8-606)

7.72 mg/dL
(2.9-23.8)

1751 ng/mL
(850-3472)

427 U/L
(358-549)

Significance

P (nonsevere vs severe)
.55
.78
43

<.0001

41

49

.06

<.0001

<.0001

Abbreviations: aPTT, active partial thromboplastin time; CRP, C-reactive protein; IL-6, interleukin-6; IQR, interquartile range; LDH, lactate
dehydrogenase; PA, prothrombin activity.

TABLE 2 ADAMTS13 activity and VWF Ag plasma concentration. ADAMTS13 activity and VWF Ag plasma concentration in survivors
and nonsurvivors. ADAMTS13 activity and VWF Ag plasma concentration in nonsurvivors and severe disease survivors

Parameter

ADAMTS13, median (IQR)

VWEF-Ag, median (IQR)

Parameter

ADAMTS13, median (IQR)

VWEF-Ag, median (IQR)

Parameter

ADAMTS13, median (IQR)

VWEF-Ag, median (IQR)

Whole sample (100)

61%
(47.2-74.6)

289%
(228-382)

Nonsevere COVID-19 (50)

69%

(54.2-84.9)
261.4%

(213-32¢)

Survivors
(81)
62.8%
(52.3-80.1)
270%
(218-353)
Severe disease survivors
(31)
59.1%
(46.2-69.8)

315%
(236-400)

Severe COVID-19 (50)

53.2%
(38.8-65.3)

355%
(267-400)
Nonsurvivors
(19)
42.4%
(33.8-57.3)

395%
(294-400)

Nonsurvivors (19)

42.4%
(33.8-57.3)

395%
(294-400)

Significance
P (nonsevere vs severe)

<.0001

<.0001

Significance
P

<.0001

.002

Significance
P

.016

.18

Abbreviations: ADAMTS13, A disintegrin-like and metalloprotease with thrombospondin type 1 motif no. 13; IQR, interquartile range; VWF Ag, von

Willebrand factor antigen.

The 19 nonsurvivors had significantly lower ADAMTS13 activ-
ity and higher plasma concentration of VWF (Table 2). 15 out of
19 nonsurvivors had ADAMTS13 activity lower than 61%. Cases
with ADAMTS13 activity lower than 61% showed a significant

association with in-hospital death (P = .011). The Kaplan-Meier
analysis confirmed a significantly lower survival in those cases
with ADAMTS13 levels below 61% (Figure 1). Univariate logis-
tic regression analysis was performed, showing that ADAMTS13
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activity below 61% (odds ratio: 4.46, 95% Cl: 1.36-14.6, P < .014),
VWEF higher than 289% (odds ratio: 4.93, Cl: 1.5-16.2, P = .008),
D-dimer higher than 1089 ng/mL (odds ratio: 3.5, Cl: 1.15-10.6,
P =.027) and LDH higher than 380 U/L (odds ratio: 6.91, Cl: 1.85-
25.8, P =.004) were significantly associated with increased risk of
in-hospital death. In multivariate analysis, only ADAMTS13 activ-
ity below 61% (odds ratio: 3.64, Cl: 1.05-12.6, P = .04) and LDH
higher than 380 U/L (odds ratio: 6.26, Cl: 1.64-23.8, P = .007) re-
mained significantly associated with increased risk of in-hospital
death. Despite receiving antithrombotic prophylaxis, 5 patients
had thrombotic events, all of them in the severe disease group.
4 out of 5 presented ADAMTS13 activity below 61% and VWF
higher than 289%.

Overall, in our study we observed higher levels of VWF
and lower ADAMTS13 in severe disease patients, probably due
to the strong inflammation and to the endothelial dysfunc-
tion, both derived from the SARS-CoV-2 infection. Besides,
ADAMTS13 activity lower than the median value (61%) was as-
sociated with higher risk of in-hospital death. The Kaplan-Meier
analysis confirmed a significantly lower survival in those cases
with ADAMTS13 below 61%. Finally, in our cohort, there were
no cases with hypofibrinogenaemia, thrombocytopenia or pro-
longation of both PT and aPTT. This might suggest that the co-
agulopathy caused by COVID-19 would not be a conventional
form of DIC.

In conclusion, the strong inflammation and the endothelial dys-
function caused by the SARS-CoV-2 infection might play a funda-
mental role in the coagulopathy, the levels of VWF and ADAMTS13
activity, the severity of the disease and the increased thrombotic

risk. These data are consistent with previous findings***8

and might
suggest that ADAMTS13 activity could be a prognosis marker in

COVID-19 patients.

FIGURE 1 The Kaplan-Meier survival
analysis according to A disintegrin-like and
metalloprotease with thrombospondin
type 1 motif no. 13 activity levels: 15
deaths were observed in the group with
values <61%
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