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To the Editor:

The COVID-19 pandemic, resulting from SARS-CoV-2, has led to millions of deaths 

globally and substantial morbidity.1 COVID-19 has heterogeneous severity, with symptoms 

ranging from mild fever and cough to ARDS, multisystem organ failure, and death. 

Genome-wide association studies have identified genetic variants that may explain some 

of this variability, including the variation that determines ABO histo-blood type.2 The 

ABO gene encodes glycosyltransferases responsible for carbohydrate modifications on 

glycoproteins and has been linked to risk of several vascular diseases,3 as well as 

plasma concentrations of coagulopathic proteins, particularly von Willebrand factor (vWF).4 

In ambulatory individuals, ABO blood type explains 30% of the variability of plasma 

vWF concentration. Excess release of vWF from injured endothelium and a relative 

deficiency of A disintegrin and metalloprotease with thrombospondin 1 repeats, number 

13 (ADAMTS13), the enzyme responsible for cleaving vWF into less thrombogenic 

multimers, have been implicated in severe COVID-19.5 ABO antigens are located on 

the vWF glycoprotein, and the A antigen interferes with ADAMTS13 binding, reducing 

vWF cleavage, possibly explaining the associations between ABO blood type, vWF, and 

COVID-19.6
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Clinically and genetically determined ABO blood type A previously was associated with 

increased vWF levels, ARDS risk, and disseminated intravascular coagulation risk in 

critically ill patients without COVID-19.7 Significant hypercoagulability and endothelial 

dysfunction are frequent characteristics of severe COVID-19.8 We therefore hypothesized 

that ABO blood type and the ratio of plasma vWF to ADAMTS13 concentrations would 

associate with COVID-19 outcomes and that measuring the three markers together could 

identify a population at high risk of poor outcomes for whom drugs targeting the vWF axis 

may be beneficial.

We conducted a prospective cohort study of 215 patients admitted to one of two affiliated 

hospitals with a primary diagnosis of COVID-19 and followed their clinical status through 

28 days. Thirty-seven additional patients screened did not have ABO blood type measured 

nor plasma collected and were excluded. The study was approved by the institutional 

review board and informed consent was obtained. We collected plasma samples within 48 

h of admission and analyzed them with the multiplex Olink Proximity Extension Assay, 

which included semiquantitative measurements for vWF and ADAMTS13 concentration. 

Concentrations were expressed as normalized protein expression values based on the 

relative concentration compared with pooled healthy control plasma. Normalized protein 

expression values are arbitrary units on the log2 scale, and therefore, a 1-point normalized 

protein expression difference corresponds to a doubling of protein concentration. Clinical 

data, including ABO blood type, were extracted from the medical record. The primary 

outcome was 28-day mortality, and the secondary outcome was a simplified World Health 

Organization COVID-19 ordinal severity score at 28 days. We tested the unadjusted 

associations of ABO blood type and vWF to ADAMTS13 ratio with mortality using the 

χ2 test and rank-sum test, respectively, and the unadjusted associations with severity score 

using the nonparametric test for trend. We then constructed multivariable logistic regression 

models adjusting for age, sex, race, and active malignancy to determine the association 

of ABO blood type and vWF to ADAMTS13 ratio with mortality. We used these models 

to estimate standardized risks of death across values of the vWF to ADAMTS13 ratio by 

ABO blood type. Statistical analyses were conducted using STATA version 16.1 software 

(StataCorp).

Of 215 patients enrolled, the median age was 61 years (interquartile range, 49–71 years), 

112 patients (52%) were male, 143 patients (67%) were Black, 61 patients (28%) were 

White, 10 patients (5%) were Asian, race was unknown for 1 patient (1%), and 14 patients 

(7%) were Hispanic. An active malignancy was present in 21 patients (10%). ABO blood 

type was available for 191 patients (89%), and plasma was assayed in 165 patients (78%). 

At 28 days, 29 patients (13%) had died. Mortality ranged from 10% among patients with 

blood type O to 22% in patients with blood type A (P = 0.039, unadjusted). Table 1 provides 

blood type, vWF levels, and ADAMTS13 levels by ordinal 28-day outcome. In multivariable 

models, blood type A was associated with a higher 28-day mortality relative to blood type O 

(OR, 3.25; 95% CI, 1.08–9.77; P = .036), and vWF to ADAMTS13 ratio also was associated 

with 28-day mortality (OR, 1.81; 95% CI, 1.08–3.04 per 1-SD increase; P = .024). We did 

not detect an interaction in the association of vWF to ADAMTS13 ratio and mortality by 

blood type. Figure 1 shows standardized risks of death across vWF to ADAMTS13 ratios 
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stratified by blood types A and O, demonstrating that mortality was higher as the ratio 

increased, but that blood type A shifted the curve toward higher mortality.

We identified associations among ABO blood type A, higher plasma vWF, and lower 

ADAMTS13 with higher 28-day mortality and worse outcome in a large population of 

patients with COVID-19.9 Additionally, we measured these three markers in a single 

population and integrated the distinct measurements of vWF biological features to generate 

standardized mortality curves based on dysregulation of the vWF axis, a novel aspect of our 

findings. vWF is an essential component of vascular homeostasis. In the setting of severe 

inflammation and endothelial dysfunction, however, vWF can lead to excess coagulation, 

organ injury, and death. Our study further suggests that disruption of the relative plasma 

vWF to ADAMTS13 concentration may contribute to the pathogenesis of severe COVID-19, 

may be modified by ABO blood type, and may be an important therapeutic target.

Severe deficiencies of ADAMTS13 lead to the life-threatening disorder thrombotic 

thrombocytopenic purpura. Similar to our findings in COVID-19, more moderate 

ADAMTS13 deficiency and vWF excess are common in sepsis and are relevant to the 

coagulopathy of sepsis.10 Recombinant ADAMTS13, a drug in development for thrombotic 

thrombocytopenic purpura, also may be a potential therapeutic for select patients with 

severe COVID-19 and sepsis of other infectious causes. In an exploratory study, incubation 

of plasma samples from patients with severe COVID-19 with recombinant ADAMTS13 

substantially reduced abnormality high vWF clotting activity.9 We hypothesize that three 

major pathways contribute to excess activation of the vWF axis in COVID-19: excess 

vWF release, plasma ADAMTS13 deficiency, and impaired cleavage of vWF multimers 

by ADAMTS13 resulting from the presence of A antigens. Future studies of therapeutics 

aimed at the vWF axis, such as recombinant ADAMTS13, should consider evaluatingfor 

heterogeneity of treatment effect by ABO blood type and plasma vWF to ADAMTS13 ratio 

early in severe COVID-19.

Our study has limitations including its small sample size at a two-hospital center, lack of 

differentiation between genetic blood type A subtypes, lack of measurements of enzymatic 

activity, and the semiquantitative nature of our measurements; however, we believe our study 

provides key preliminary data to support a potential role of the vWF to ADAMTS13 axis for 

prognostic and predictive enrichment for future clinical trials of targeted therapeutics.

Acknowledgments

Other contributions:

The authors thank the COVID Processing Unit and the Penn Immune Health, led by Dr E. John Wherry, PhD, for 
their valuable contribution to this study.

Role of sponsors:

The sponsor had no role in the design of the study, the collection and analysis of the data, or the preparation of the 
manuscript.

Reilly et al. Page 3

CHEST Crit Care. Author manuscript; available in PMC 2023 December 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Funding/Support

J. P. R., N. J. M., and M. G. S. S. are funded by the National Institutes of Health [Grants R01-HL155159; 
R01-HL137006, R01-HL137915, and K24-HL155804; and R01-DK111638, respectively].

References

1. Anesi GL, Jablonski J, Harhay MO, et al. Characteristics, outcomes, and trends of patients with 
COVID-19-related critical illness at a learning health system in the United States. Ann Internal 
Med. 2021;174(5):613–621. [PubMed: 33460330] 

2. The Severe Covid-19 GWAS Group, Ellinghaus D, Degenhardt F, et al. Genomewide association 
study of severe Covid-19 with respiratory failure. N Engl J Med. 2020;383(16): 1522–1534. 
[PubMed: 32558485] 

3. Stowell SR, Stowell CP. Biologic roles of the ABH and Lewis histoblood group antigens part II: 
thrombosis, cardiovascular disease and metabolism. Vox Sang. 2019;114(6):535–552. [PubMed: 
31090093] 

4. Morelli VM, de Visser MC, van Tilburg NH, et al. ABO blood group genotypes, plasma von 
Willebrand factor levels and loading of von Willebrand factor with A and B antigens. Thromb 
Haemost. 2007;97(4):534–541. [PubMed: 17393014] 

5. Mancini I, Baronciani L, Artoni A, et al. The ADAMTS13-von Willebrand factor axis in COVID-19 
patients. J Thromb Haemost. 2021;19(2):513–521. [PubMed: 33230904] 

6. Bowen DJ. An influence of ABO blood group on the rate of proteolysis of von Willebrand factor by 
ADAMTS13. J Thromb Haemost. 2003;1(1):33–40. [PubMed: 12871537] 

7. Reilly JP, Meyer NJ, Shashaty MG, et al. The ABO histo-blood group, endothelial activation, and 
acute respiratory distress syndrome risk in critical illness. J Clin Invest. 2021;131(1): e139700. 
[PubMed: 32931480] 

8. Ackermann M, Verleden SE, Kuehnel M, et al. Pulmonary vascular endothelialitis, thrombosis, and 
angiogenesis in Covid-19. N Engl J Med. 2020;383(2):120–128. [PubMed: 32437596] 

9. Turecek PL, Peck RC, Rangarajan S, et al. Recombinant ADAMTS13 reduces abnormally up-
regulated von Willebrand factor in plasma from patients with severe COVID-19. Thromb Res. 
2021;201: 100–112. [PubMed: 33662796] 

10. Levi M, Scully M, Singer M. The role of ADAMTS-13 in the coagulopathy of sepsis. J Thromb 
Haemost. 2018;16(4): 646–651. [PubMed: 29337416] 

Reilly et al. Page 4

CHEST Crit Care. Author manuscript; available in PMC 2023 December 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1 –. 
Line graph showing standardized risk of 28-day mortality adjusting for age, sex, race, and 

active malignancy with 95% CIs by plasma vWF to ADAMTS13 ratio stratified by blood 

types A and O. ADAMTS13 = A disintegrin and metalloprotease with thrombospondin 1 

repeats, number 13; vWF = von Willebrand factor.
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