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Abstract

Objectives: To determine whether blood group influences
development of cerebral venous thrombosis (CVT)
after administration of the coronavirus disease 2019
(COVID-19) AstraZeneca ChAdOx1-S vaccine.

Design: A case—control study. Univariate and multivariate
logistic regression was used to determine the association
between blood type and COVID-19 vaccination status.
Setting: Vaccinated and unvaccinated patients recruited
from the international Bio-Repository to Establish the
Aetiology of Sinovenous Thrombosis study and the Cerebral
Venous Sinus Thrombosis With Thrombocytopenia Syndrome
Study Group.

Participants: All patients were of European descent and age
and sex matched. Cases (n=82) were patients >18 years
old who suffered a CVT within 28 days of a first dose of
ChAdOx1-S vaccine. Controls (n =441) were unvaccinated
CVT patients >18 years old. All patients were of European
descent.

Main outcome measures: Frequency of blood type and
ABO allele distribution by vaccination status.

Results: Blood group O was found to be more prevalent
among CVT patients with vaccine-induced thrombotic
thrombocytopenia (VITT-CVT) after ChAdOx1-S vaccina-
tion compared with unvaccinated CVT cases (43% vs. 17%,
respectively, p < 0.001). Blood group A was less prevalent,
though still high, in the vaccinated group compared with the
unvaccinated group (47% vs. 71%, respectively, p <0.001).
No significant differences were observed in the VITT-CVT
non-ChAdOx1-S vaccine group and unvaccinated pre-
COVID-19 CVT group for blood group.

Conclusions: Blood group O is more prevalent among
patients with VITT-CVT after ChAdOx1-S vaccination
compared with unvaccinated cases, independent of well-
established CVT risk factors. A larger dataset may be able
to determine whether those of blood groups B and/or AB
may be safely vaccinated with the low cost, readily available
and easily transported ChAdOx1-S rather than adopting a
complete ban.
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Introduction

Cerebral venous thrombosis (CVT) has been associ-
ated with the ChAdOx1-S (Oxford-AstraZeneca)
coronavirus disease 2019 (COVID-19) vaccine,'
leading many countries to limit its use in younger
individuals, despite its high efficacy, cost-
effectiveness and ease of handling. Identifying individ-
uals most likely at risk of this rare adverse event would
allow a more targeted restriction of this inexpensive
vaccine. After administration of ChAdOx1-S, CVT
has been reported within 28 days of vaccination and
associated with a distinct clinical profile (which
includes thrombosis with thrombocytopenia syn-
drome) and high mortality rate.* Most of these CVT
cases after vector-based COVID-19 vaccination are
due to vaccine-induced thrombotic thrombocytopenia
(VITT),” often with a poorer outcome.®

Recent studies have examined the relationship of
blood group with COVID-19.” A genome-wide asso-
ciation study (GWAS) of COVID-19 patients showed
that individuals with blood group A had a higher risk
of severe disease (odds ratio [OR] = 1.45), while indi-
viduals with B or O blood groups were less repre-
sented among COVID-19 patients.® In addition,
critically ill COVID-19 patients with blood groups
A and AB were more likely to require mechanical
ventilation and prolonged intensive care compared
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with patients with blood groups B or O.* We
reported the first GWAS in patients with CVT’ find-
ing that non-O blood group is associated with a
3-fold (p=10""%) increase of CVT compared with
individuals with blood type O.

With increasing evidence that onset and outcome
after CVT is associated with blood group, we sought
to determine whether blood group influences devel-
opment of CVT after AstraZeneca ChAdOx1-S
vaccination.

Methods

All 82 patients who suffered their first VITT-CVT (47
of which were defined using the international classi-
fication of Definite or Probable)’ within 28 days of a
first dose of ChAdOx1-S vaccine from the Cerebral
Venous Sinus Thrombosis with Thrombocytopenia
Syndrome Study Group,* and 441 pre-COVID-19
unvaccinated patients with CVT from the Bio-
Repository to Establish the Aetiology of Sinovenous
Thrombosis (BEAST) study were recruited. The
BEAST consortium, located in nine research centres
(Belgium, Finland, Italy, the Netherlands, Portugal,
Sweden, France, UK and USA), was established to
analyse the epidemiology and genetics of CVT.>!°
Diagnoses were imaging confirmed using computed
tomography/venography, magnetic resonance or con-
ventional angiogram. Both cohorts are described in
detail elsewhere**!° but briefly, all patients were of
European descent and age and sex matched (Table 1).

Vaccinated patients were free of these CVT risk
factors: anticoagulant, antiphospholipid antibodies,
Protein-C deficiency, Protein-S deficiency, anti-
thrombin deficiency, Factor-V Leiden and factor
VIII (FVIII), except one patient with prothrombin
G20210A and one patient with lupus anticoagulant.
Unvaccinated patients with CVT from the BEAST
study were also free of those risk factors.

All recruits were aged >18 years with patient or
relative informed written consent. Age was docu-
mented at time of CVT diagnosis.

Both studies received all ethical and consent
standards set by local Institutional Review Boards
at each of the participating sites.

Statistical methods

Matching of vaccinated and unvaccinated patients
was performed using the frequency matching
approach. First, we calculated the distribution (fre-
quency table) of the matching characteristics among
the vaccinated patients. Characteristics were categor-
ised as follows: age: <33 years, >33 and <43 years,
>43 and <51 years, >51 and <62 years, >62 years

and gender (men, women). For each category of the
matching characteristic, we selected an unvaccinated
patient from the BEAST study. If the unvaccinated
patients matched on the age and sex category, the
matching was considered successful and removed
from the unvaccinated patient list. An iterative
approach was applied if matching failed. Sample
size was thus maximised using this iterative strategy
until all categories were matched.

Descriptive statistics summarised data using mean
with standard deviation or median with interquartile
range for continuous variables, and proportion for
categorical variables. For single factor analysis, chi-
square (or Fisher’s exact test, where appropriate) was
used for categorical variables, and independent z-test
(or Mann-Whitney U test, where appropriate) for
continuous variables. Univariate and multivariate
logistic regression estimated the associations of cova-
riates (confounding variables) with COVID-19 vacci-
nation status. The reliability (goodness of fit) of each
model was quantified using the Hosmer and Lemeshow
test."!  Models were evaluated using Akaike’s
Information Criterion and the likelihood ratio chi-
square test.'”> ABO alleles distribution for vaccinated
patients and unvaccinated patients was estimated by
the Expectation-Maximization-algorithm from blood
type distribution.'*'* A permutation test assessed sig-
nificant differences in ABO allele frequencies between
vaccinated and unvaccinated patients. Rather than
using a correction for multiple testing at global signif-
icance level, the statistical significance threshold for
individual association testing was established at
P<0.01."

Results

A total of 82 CVT vaccinated patients and 441 non-
vaccinated patients of FEuropean descent were
enrolled in the study to assess whether certain ABO
blood type group was more likely to be associated
with development of CVT after the COVID-19
ChAdOx1-S vaccination. Of those, 47 patients were
defined using the international classification for CVT
post vaccination of Definite or Probable within
28 days of a first dose of ChAdOx1-S. The demo-
graphic characteristics of CVT individuals with
COVID-19 vaccine and non-COVID-19 vaccine are
presented in Table 1. Patients were appropriately age
and sex matched. Importantly, there were no differ-
ences between VITT-CVT non-ChAdOx1-S vaccine
group and unvaccinated pre-COVID-19 CVT group
for well-established risk factors for CVT including
lupus anticoagulant, antiphospholipid antibodies,
Protein-C deficiency, Protein-S deficiency,
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Table I. Characteristics of vaccinated and unvaccinated patients with CVT.

Vaccinated Unvaccinated
(n=82) (n=441) p-Value
Age in years at CVT (SD) 47.8 (15.1) 47.4 (15.4) 0.83

COVID-19 vaccination (n/%)

ChAdOxI-S vaccine 59 (72.0) 0 (0) -

Second (2nd)

ChAdOXxI-S vaccine 2 (24) 0 (0) -

Third (3rd)

ChAdOx|-S vaccine 0 (0) 0 (0) -

VITT (n/%) for ChAdOxI-S vaccine

Probable 9 (15.3) 0 (0) =

Unlikely 7 (11.9) 0 (0) -

Definite 4 (17.4) 0 (0) -

Possible 3 (13.0) 0 (0) -

n: sample size; SD: standard deviation; VITT: vaccine-induced immune thrombocytopenia and thrombosis.
2 Pfizer/BioNTech (12), Moderna (2), Johnson & Johnson (5), Sinovac (1), Other (3). ® Pfizer/BioNTech (8), Moderna (2), Johnson
& Johnson (0), Sinovac (0), Other (3). © Pfizer/BioNTech (1), Moderna (0), Johnson & Johnson (0), Sinovac (0), Other (0)

antithrombin deficiency, factor VIII (FVIII), Factor- presented in Table 2. Blood group O was more prev-
V Leiden and prothrombin G20210A. alent in the VITT-CVT group than in the unvacci-
Blood type distribution of VITT-CVT (Definite or nated pre-COVID-19 CVT group (43% vs. 17%,

Probable) vaccinated and unvaccinated groups are respectively, p <0.001, Figure 1). Blood group A
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was less prevalent, though still high, in the vaccinated
compared with the unvaccinated group (47% vs.
71%, respectively, p < 0.001), as described in our pre-
vious GWAS.” In an unadjusted model, the presence
of blood group O was three-times more likely in the
VITT-CVT Definite or Probable vaccinated group
(OR =3.83, 95% confidence interval (CI): 1.98—
7.41, p<0.001) compared with those with blood
group A.

For the non-ChAdOx1-S vaccine group and unvac-
cinated pre-COVID-19 CVT, there was no significant
difference between ABO blood groups between vac-

Table 2. Blood type distribution between the vaccinated
group (analysis restricted to VITT-CVT defined as Definite or
Probables) and the unvaccinated group.

Vaccinated Unvaccinated

(n=47) (n=441)

Blood type (n/%) for ChAdOxI-S vaccine®

A 22 (46.8) 312 (70.7)
AB 3 (6.4) 16 (3.6)

n: sample size.
2Analysis includes only VITT defined as Definite or Probable.®

cine and unvaccinated patients. There was no signifi-
cant difference in ABO blood groups between the 7
(Definite, Probable, Possible) non-ChAdOx1-S vacci-
nated and the 441 unvaccinated patients (p=0.34).
Similarly, when analysis is confined to only the
Definite group (n =4) there was no difference between
vaccinated and unvaccinated patients, blood group O
compared to Non-O (p=0.52).

Multivariate analysis with well-established CVT
risk factors lupus anticoagulant, antiphospholipid
antibodies, Protein-C deficiency, Protein-S deficien-
cy, antithrombin deficiency, factor VIII (FVIII),
Factor-V Leiden (FAK-tur five LIDE-n) and pro-
thrombin G20210A (Factor II mutation) produced
similar results. The presence of blood group O was
three-times more likely in the VITT-CVT Definite or
Probable vaccinated group (OR=3.45, 95% CI:
1.75-6.75, p<0.001) compared with those with
blood group A.

The demographic characteristics of vaccinated
patients VITT-CVT defined as Definite or Probable
and unvaccinated patients with CVT are presented in
Table 3. No significant difference was observed in age
and sex between them. More than 80% of the vacci-
nated VITT-CVT patients were classified as Definite.

Further, to test whether ABO allele frequencies
associated with ChAdOx1-S vaccination, the blood
type allele distribution status among VITT-CVT
patients defined as Definite or Probable is presented
in Figure 2. ABO allele distribution can be more

Figure |. Blood type distribution between vaccinated group for ChAdOx | -S vaccine (analysis restricted to VITT-CVT defined as

Definite or Probable®) and unvaccinated group.
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Table 3. Characteristics of vaccinated VITT-CVT patients defined as Definite or Probable and unvaccinated
patients with CVT.

Unvaccinated
(n=47) (n=441) p-Value

Vaccinated

Age in years at CVT (SD) 46.2 (14.7) 47.4 (15.4) 0.60

COVID- 19 vaccination (n/%)

ChAdOXx|-S vaccine 47 (100.0) 0 (0) -

Second (2nd)

ChAdOx]I-S vaccine 1 (2.1) 0 (0) -

Third (3rd)

ChAdOx|-S vaccine 0 (0) 0 (0) =

VITT (n/%) for ChAdOxI-S vaccine

Probable 9 (19.1) 0 (0) -

n: sample size; SD: standard deviation; VITT: vaccine-induced immune thrombocytopenia and thrombosis.
2 Pfizer/BioNTech (0), Moderna (0), Johnson & Johnson (0), Sinovac (0), Other (0). ® Pfizer/BioNTech (2), Moderna (0),
Johnson & Johnson (0), Sinovac (0), Other (0). © Pfizer/BioNTech (0), Moderna (0), Johnson & Johnson (0), Sinovac (0),

Other (0).

powerful and informative because it essentially dou-
bles the sample size of the studied population.'®
ChAdOx1-S vaccinated patients had 20.5% (95%
CI: 43.3-63.8, p<0.001) higher frequency of O
allele compared with wunvaccinated patients.
Conversely, unvaccinated patients had higher fre-
quency of the A allele 19.3% (95%CI: 8.8-29.8,
p<0.001) compared with vaccinated patients
(Figure 2).

Discussion

We show that blood group O is more prevalent
among patients with VITT-CVT after ChAdOx1-S
(Oxford-AstraZeneca) vaccination compared with

unvaccinated cases in a well-characterised CVT pop-
ulation. The most common ABO allele among
vaccinated patients was O, present in 63% (95%
CI: 53-74) followed by allele-A present in 31%
(95% CI: 22-41). Converse results were observed in
the unvaccinated group with the most common ABO
allele-A present in 50% (95% CI: 47-54) followed by
the O-allele in 43% (95% CI: 40-47). Although our
study is small, VITT-CVT post COVID-19 vaccina-
tion is rare and we present one of the largest cohorts
recruited via two international ongoing studies.
There is increasing evidence for the involvement of
blood group in CVT,’ either in terms of onset or
outcome. We present data suggesting that blood
group may also be involved in the development of
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Figure 2. ABO allele distribution between ChAdOx|-S vaccinated and unvaccinated groups (analysis restricted to VITT-CVT

defined as Definite or Probable®).
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CVT after vaccination. This finding not only may
suggest an actiological mechanism for CVT after
a vector-based vaccine but may help to identify
those more likely to be at risk. According to the
European Medicines  Agency,'”'® after the
ChAdOx1-S vaccination, young people with wild
type blood group O may experience immunosenes-
cence, a negative immunological response that can
result in blood abnormalities resembling disseminat-
ed intravascular coagulation. Blood group antigens
play a direct role in infection through various mech-
anisms. Anti-A antibodies were protective against
intracellular uptake of severe acute respiratory syn-
drome coronavirus 1.'%?° Blood group A with anti-A
antibodies inhibited interaction between angiotensin
converting enzyme-2-dependent cellular adhesion to
angiotensin converting enzyme-2-expressing cells."’
Although we show a lower prevalence of blood
group A for patients with VITT-CVT after
ChAdOx1-S vaccination compared with unvacci-
nated cases and no significant differences observed
for other known risk factors for CVT, our result
must be interpreted with caution as the number of
patients from the vaccinated group with ChAdOx1-S
was limited. However, as CVT is a rare disorder, and
vaccination-associated CVT is even rarer, our data
present one of the largest such studies to-date. The
population we recruited in both groups was well

characterised using internationally agreed criteria for
CVT and for vaccine-associated CVT. Other limita-
tions include the possibility of the presence of specific
confounders, namely, genetic or environmental factors
that may have a role in modifying the vaccination
effect. Additionally, side effects of ChAdOx1-S vacci-
nation must be confronted knowing the vast number
of doses that were administered over a short time.

Conclusions

We document high prevalence of blood group O in
patients with VITT-CVT after ChAdOx1-S
Oxford-AstraZeneca vaccination. As ChAdOxI-S is
the predominant vaccine of choice globally due to its
ease of transportation and low cost, larger studies are
urgently required to determine whether a complete
ban on its use in young individuals with any blood
group is too restrictive.

Summary box

What is known?

e COVID-19 patients with blood group A tend to
have a higher risk of severe disease, while individ-
uals with B or O blood groups are less represented
among COVID-19 patients.
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e CVT after administration of ChAdOx1-S (Oxford-
AstraZeneca) has been associated within 28 days
of vaccination.

What is the question?

e This study aimed to determine whether blood
group influences development of CVT after
ChAdOx1-S vaccination.

What was found?

e In this case—control study of 523 CVT patients
from two international collaborative groups, we
found that blood group O was more prevalent in
the VITT-CVT group than in the unvaccinated
pre-COVID-19 CVT group (43% vs. 17%, respec-
tively, p <0.001).

e Blood group A was less prevalent, though still
high, in the vaccinated group compared with the
unvaccinated group (47% vs. 71%, respectively,
p<0.001)

e Multivariate analysis with well-established CVT
risk factors showed similar results.

What is the implication for practice now?

e This study suggests that those with blood group O
are more likely to be exposed to VITT-CVT after
ChAdOx1-S vaccination regardless of well-
established CVT risk factors such as gender.

e These results may lead governments to question
whether ChAdOx1-S (Oxford-AstraZeneca) vac-
cine should be outright banned despite its high
efficacy, cost-effectiveness and ease of handling.

e Those with non-O blood group may be suitable for
the AstraZeneca COVID-19 vaccine, although
larger studies are required to confirm our findings.
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