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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.l 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

VWEF concentration. Excess release of vVWF from injured endothelium and a relative
deficiency of A disintegrin and metalloprotease with thrombospondin 1 repeats, number

13 (ADAMTSL13), the enzyme responsible for cleaving VWF into less thrombogenic
multimers, have been implicated in severe COVID-19.> ABO antigens are located on

the VWF glycoprotein, and the A antigen interferes with ADAMTS13 binding, reducing
VWEF 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 vVWF 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 vVWF to ADAMTS13 ratio with mortality using the
Xz 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% Cl, 1.08-9.77; P=.036), and VWF to ADAMTS13 ratio also was associated
with 28-day mortality (OR, 1.81; 95% ClI, 1.08-3.04 per 1-SD increase; P =.024). We did
not detect an interaction in the association of vVWF 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.° Additionally, we measured these three markers in a single
population and integrated the distinct measurements of vVWF biological features to generate
standardized mortality curves based on dysregulation of the vVWF 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, vVWF 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.? We hypothesize that three
major pathways contribute to excess activation of the vWF axis in COVID-19: excess

VWEF release, plasma ADAMTS13 deficiency, and impaired cleavage of vVWF 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.
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Figure 1 -

Li?le graph showing standardized risk of 28-day mortality adjusting for age, sex, race, and
active malignancy with 95% Cls by plasma vVWF 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.

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



Page 6

Reilly et al.

'$911003}89 BWO0JINO [UIPIO BY) SSOJIE PUBI) 10} 153) LIBWRIeduou ay) woid,

'$311003789 BWI02]INO0 [RUIPJO 8y} SSOJJR puall J0} 18} dLaweleduou ay Buisn g adA1 yum v adAy poojq Jo uosiredwo)

"31eas gboj ayy

17

U0 passaldxa aJe sanjeA asay L sanjeA uoIssaldxe uig)oid pazijewiou ETS1INYAY Mel 8yl Ag anjea uoissaidxe uislold pazijewiou 4ANA Med 3yl Buipiaip Ag parenfed sem oes ETSLINVAY 03 4MA UL

"UOIBUIIUOD
urajo.d Jo Burjgnop e sueaw aouaJaip Julod-T e Agasaym ‘a1eas zBoj sy uo passaidxa spun Aresiigue ‘(sbued ajinsenbisiur) anjea uoissaldxa usloid pazijewou Uelipaw se passaldxa ate sulsloid ewse|d

q

‘spusiied g Ui Buissiw sem pue syuaiied TET J0) 3|qe|IeAe sem adAl poojq OgY "aWodIno Aep-gz auiwalep o} dn pamo||o) pue pajjoIus a1sm 6T-AIAOQD UMM siuaied GTZ ‘[e10) ul,

*10J0B) PURIG3|[IAA UOA = 4ANA ‘€T Jaquinu ‘seadal T Ulpuodsoquioiy) yim asesjoldoljelsw pue uBauIsIp v = ETSLINVAY

5100 > 55¢0 5100 > pOT0° anjeAd

(e 1-9v'1) 26T (T1'9-68'6) 26'S | (F'0T-L'8)L'6 %L.S %EL %LL %65 GST pabireyasia

(06'T-85T) G9'T (88'9-98'5) ST'9 | (¥'T1-6'6) TOT %1 %G %S %€ 0T | uabAxo Buwinbai ‘pazijendsoH

(e6'1-29T) 2L'T (T9'9-€2'9) 28'S | (2'T1-0°0T) 8°0T %L %TT %6 %9T 114 paje[nuaA Ajjealueyosin

(88'1T-28'T) 29T (€0'9-95'6) 28's | (6'0T-T'6) 00T %12 %TT %0T %22 6¢ ureaQ

20118 ETSLIAVAY 01 4MA | eTSTINVAY AMA wr=u)av | e=u)g | (z8=w)0 | BG=u)V | 2ON awioang eulpio
qsuteloid ewseld % ‘adAL poo|g 0gVv

82 12 3WO9INO YIM 0NeY ETSLINVAY 0} 4/MA BLSe|d Pue ‘S[aAdT ETSLINVAY BUISE|d ‘S|aAT A Bwiseld ‘9dAL poojg-01SIH OV JO UOIRId0SSY

Author Manuscript

Author Manuscript

[T 3719vL

Author Manuscript

6T-AIAOD YU uonezijendsoH Jayy skeq

Author Manuscript

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



	References
	Figure 1 –
	TABLE 1]

