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ADAMTS 13 deficiency is associated with abnormal distribution of von Willebrand factor e

multimers in patients with COVID-19

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), may trigger cytokine storm
which is responsible for a highly pro inflammatory state in severe cases [1]. COVID-19 is also associated with an endotheliopathy characterized by the
increase of von Willebrand factor (VWF) [2] and soluble endothelial markers of activation in plasma from patients with COVID-19 [3,4]. VWF is
released from endothelial cells as ultra large VWF multimers (ULVWF) highly adhesive to platelets. To regulate this adhesive function, the metal-
loprotease with thrombospondin type 1 repeats, member 13 (ADAMTS 13) cleaves ULVWF in the circulation. The high increase in VWF activity and
antigen levels reported in patients with COVID-19 is quite similar to those observed in septic patients [5]. In the latter, ADAMTS 13 deficiency has
been reported as a prognostic factor for mortality. A moderate decrease of the activity of ADAMTS 13 was reported in patients with severe COVID-19 in
the absence of detectable anti-ADAMTS 13 antibodies [6,7]. However, the antigen level of ADAMTS 13 has not been measured in these series. We
aimed to measure the antigen level of ADAMTS 13 to appreciate the nature of the deficiency (quantitative or functional). Then, as the proinflammatory
cytokine IL-6, greatly increased in COVID-19, may inhibit the proteolytic activity of ADAMTS 13 [8], we aimed to assess the impact of ADAMTS 13
deficiency on the von Willebrand factor multimeric pattern in patients with COVID-19.

We studied 70 patients with COVID-19 pneumonia confirmed by RT-PCR on a nasopharyngeal swab. We measured ADAMTS 13 antigen
(Quantikine ELISA human ADAMTS 13, Bio-Techne, France), and plasma VWF activity and antigen (HemosIL Von Willebrand factor activity and
antigen assays, Instrumentation Laboratory, France). VWF multimer analysis was performed with Hydragel 5 von Willebrand multimers kit (Sebia,
France) using the Sebia Hydrasis 2 instrument. According to the preanalytical recommendations of the Groupe d’étude sur I’hémostase et la thrombose
(GEHT), all the assays were performed on samples which have undergone one freeze-thaw cycle except for the determination of the ADAMTS 13
antigen level (two cycles). The blood samples were obtained the day of the admission of patients in our hospital. Patients were categorized into three
groups according to whether they had been admitted to an intensive care unit (ICU) or a non-ICU department, or they went home. The study was
approved by the local ethics committee of the Foch Hospital (reference 20-07-15).

We observed a marked increase in VWF activity and antigen in patients with COVID-19 hospitalized in non-ICU or ICU department compared to the
control group composed of healthy hospital workers (Table 1). ADAMTS 13 antigen concentrations were significantly lower in patients with COVID-19
hospitalized in non-ICU or ICU department than in controls (Fig. 1A). The ADAMTS 13 antigen deficiency was clearly associated with VWF release as
suggested by the significant negative correlation between antigen concentration of ADAMTS 13 and VWF antigen (Spearman r = —0.4846, p <
0.0001) (Fig. 1B left panel). ADAMTS 13 was also correlated with the systemic inflammation since ADAMTS 13 antigen levels were negatively

Table 1
Comparison of biological parameters in patients with COVID-19 according to the department of admission or the prognosis.
Median (IQR) Control Home Non-ICU ICU Survivor Non-survivor
n=21 n=4 n =44 n =22 n=>55 n=15
VWEF activity (%) (N:50-160%) 105 (92-139) 221 (161-448) 329%%** (243-393) 355%%** (297-416) 329 (244-380) 391 (276-448)
(158-506)"
VWF antigen (%) (N:50-150%) 116 (100-153) 297 (170-604) 390**** (288-512) 456**** (402-493) 407 (286-499) 463 (348-517)
(149-685)"
VWEF ratio (activity/antigen) (N > 0.7) 0.92 (0.84-1.0)  0.75(0.73-0.99)  0.79*** (0.73-0.85)  0.78** (0.72-0.88) 0.78 (0.72-0.85)  0.81 (0.77-0.85)
(0.72-1.06)"
ADAMTS 13 antigen (ng/mL) (N:439-1155 ng/mL) 808 (715-884) 648 (471-663) 588** (495-681) 458**** (364-615) 584 (480-682) 453 (392-596)
(412-668)"

Results are expressed as median and interquartile range (between brackets). We compared the biological variables between the four groups (control, home, non-ICU
and ICU) using the Kruskal-Wallis test followed by Dunn’s posttest. Between survivors and non survivors quantitative variables were compared using the Mann-
Whitney U test. A P-value of <0.05 was considered to be statistically significant.
ICU Intensive care unit.

" p < 0.01 versus control group.

- p < 0.001 versus control group.

o p < 0.0001 versus control group.

@ For this small group, in addition to median (IQR) results were expressed as total range (min-max).

https://doi.org/10.1016/j.thromres.2021.02.008

Received 23 August 2020; Received in revised form 7 January 2021; Accepted 2 February 2021
Available online 9 February 2021

0049-3848/© 2021 Elsevier Ltd. All rights reserved.


www.sciencedirect.com/science/journal/00493848
https://www.elsevier.com/locate/thromres
https://doi.org/10.1016/j.thromres.2021.02.008
https://doi.org/10.1016/j.thromres.2021.02.008
https://doi.org/10.1016/j.thromres.2021.02.008
http://crossmark.crossref.org/dialog/?doi=10.1016/j.thromres.2021.02.008&domain=pdf

Letter to the Editors-in-Chief Thrombosis Research 204 (2021) 138-140

correlated with C-reactive protein (Spearman r = —0.2649, p = 0.0316) (Fig. 1B right panel). Then, we studied the role of ADAMTS 13 concentrations
to predict the severity of the disease using the receiver operating characteristic (ROC) curve analysis. We identified ADAMTS 13 below 559 ng/mL as
potential inclusion criteria for ICU entrance (AUC 0.674, 95% CI 0.523-0.825, p = 0.0203). Using this cut-off, the ROC curve yielded a sensitivity of
68.2% (95% CI 47.3-83.6) and a specificity of 60.4% (95% CI 46.3-73.0) (Fig. 1C). VWF multimeric pattern was analyzed in 10 patients and showed a
decrease in high-molecular-weight multimers (HMWM) (36.0 [33.5-36.7] %, reference intervals 45-67%) in 8 patients associated with a relative
increase in intermediate (IMWM) and low-molecular-weight multimers (LMWM) (36.8 [35.1-42.3] %, reference intervals 22-36% and 27.9
[26.5-28.5] %, reference intervals 9-21%, respectively) (Fig. 1D). In these 8 patients the median concentration of ADAMTS 13 antigen was 432
[303-592] ng/mL.
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Fig. 1. (A) ADAMTS 13 antigen concentration in patients with COVID-19 compared to 21 healthy controls. ADAMTS 13 concentration were compared between the
four groups (control, home, non-ICU and ICU) using the Kruskal-Wallis test followed by Dunn’s posttest. ** p < 0.01 versus control group; ****p < 0.0001 versus
control group, (B) Correlation between ADAMTS 13 antigen level and Willebrand antigen or C-reactive protein. Correlations were assessed using the Spearman
coefficient correlation test. (C) ROC curve analysis of ADAMTS 13 level to predict ICU admission. (D) Distribution of von Willebrand factor multimers in a repre-
sentative plasma from patient with COVID-19 (dark area) using agarose gel electrophoresis, compared to control (white area). VWF antigen of 517%, ADAMTS 13
antigen of 263 ng/mL, densitometry LMWM 28.1% (reference intervals 9-21%), IMWM 37.9% (reference intervals 22-36%) and HMWM 34% (reference intervals
45-67%).

Ns: not significant; R: Spearman correlation coefficient; ICU: intensive care unit; AUC: Area under curve; LMWF: Low molecular weight multimers; IMWM: Intermediate
molecular weight multimers; HUWM: High molecular weight multimers.
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In our series of patients with COVID-19 we observed an imbalance between a marked increase in VWF levels associated with a moderate deficiency
in ADAMTS 13. The strong VWF release related to the acute endothelial stimulation observed in both sepsis and COVID-19 could explain the con-
sumption of the ADAMTS 13 as suggested by the negative correlation between the VWF antigen levels and the ADAMTS 13 levels. However, in patients
with COVID-19, ADAMTS 13 deficiency contrasts with the decrease in HMWM associated with a relative increase of cleaved multimers of VWF
suggesting that ADAMTS 13 remains functional. The decrease in HMWM may be partially explained by the consumption of larger multimers of VWF,
highly adhesive to platelets as seen in the acute phase of thrombotic thrombocytopenic purpura [9]. However, the microangiopathy of COVID-19 does
not resemble that of TTP, since there is no major thrombocytopenia or hemolytic anemia. In our series, we observed a thrombocytopenia <150 x 10°
per L in only 23% of patients at the admission with a median of 128 x 10° per L (ranging from 63 to 148 x 10°/L). Thus, the massive release of VWF
related to the endothelial stimulation and the mild deficiency in ADAMTS 13 could contribute, at least locally, to the pulmonary microthrombi
formation. The presence of small platelet rich thrombi within small vessels and alveolar capillaries reported by Fox et al. [10] in lung from patients
with COVID-19 may supports this hypothesis. Even though the ADAMTS 13 levels are moderately decrease in patients with COVID-19, this could raise
the question of supplementation in ADAMTS 13 in patients with COVID-19. VWF and the regulation of the size of its multimers by ADAMTS 13 were
shown to be implicated in inflammation: ADAMTS 13 reduces VWF-mediated acute inflammation and in ADAMTS 13 knocked-out mice, an enhanced
general leukocyte recruitment was observed [11]. This VWF-dependent anti-inflammatory aspect of ADAMTS 13 could be particularly interesting in
patients with COVID-19.
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