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The recently introduced ChAdOx1 nCoV-19 (AZD1222) vac-
cine from Oxford–AstraZeneca can introduce a rare but
potentially fatal condition of antibody-mediated vaccine-
induced thrombotic thrombocytopenia (VITT), associated
with venous thromboembolism and/or bleeding.1,2 Affected
patients developed spontaneous platelet aggregation, and
the majority had high levels of platelet-activating immuno-
globulin G (IgG) antibodies against platelet factor 4 (PF4;
CXCL4).1,2 The phenomenon is observed after a minimum of
5 days following vaccination and the condition is likely
caused by autoantibodies produced after the vaccine admin-
istration.3 However, it has been hypothesized that the path-
ogenesis may include direct activation of platelets by
accidental intravasal administration of this adenovirus vec-
tor-based vaccine. This hypothesis is based on the finding
that adenovirus binds platelets and causes platelet activation
in vitro.3 Further, novel data suggest that intravascular
administration of adenovirus in animal models causes plate-
let activation resulting in splenic clearance of aggregated
platelets and results in thrombocytopenia.4

Our aim was to investigate whether the ChAdOx1 nCoV-
19 vaccine from Oxford–AstraZeneca can directly affect
platelet function or cause binding of antibodies to platelets.

For the experiments, the vaccine was added to blood in
vitro in a concentration corresponding to a full vaccine dose
of 0.5mL introduced into the bloodstream. A full description
of methods is available in the►Supplementary Material and
previously explained in detail.5–7 In brief, we evaluated
hematology parameters and anti-COV-2IgGII status; plate-
let activation (percentage of platelets positive for CD62p or

CD63 and procaspase activating compound-1 [PAC-1]
binding) was determined in whole blood using flow
cytometry. Further, platelet aggregation response was
determined in whole blood (Multiplate, Roche Diagnostics,
Mannheim, Germany) and with isolated platelet flow
cytometrically. Both the response following stimulation of
platelets (with agonists) and the spontaneous response
(without agonists) were investigated. Further, global he-
mostasis was evaluated using the platelet function analyzer
(PFA)-200 (Siemens Healthcare, Marburg, Germany). Finally,
we tested for drug-induced thrombocytopenia by evaluating
IgG binding to intact platelets in the presence of vaccine
and/or human PF4 (ChromaTec, Greifswald, Germany) as
observed in patients with VITT.2,6 Comparisons between
samples with and without vaccine were made with paired t-
test. A p-value<0.05 was considered significant.

We included six healthy individuals without prior COVID-
19 disease or vaccination (three men and three women,
mean age: 46 years; range: 32–60 years). All individuals
were negative for anti-COV-2IgGII and had platelet count
within laboratory reference interval. The ChAdOx1 nCoV-19
vaccine fromOxford–AstraZeneca did not cause spontaneous
platelet aggregation neither in whole blood using Multiplate
nor in isolated platelets using the flow cytometric platelet
aggregation assay (►Table 1). By contrast, there was a
statistically significantly lower spontaneous aggregation
response with Multiplate in samples with vaccine. We found
no differencebetween platelet activation capacity in terms of
platelet granule secretion (percentage of platelets positive
for CD62p or CD63 reflecting secretion of platelet α and
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dense granule, respectively) and the activation of the fibrin-
ogen receptor GPIIb/IIIa (PAC-1 binding) in samples with
versus without vaccine, demonstrating that the vaccine did
not introduce spontaneous platelet activation. Neither did
the vaccine reduce platelet activation capacity following
addition of agonists. In accordance, platelet aggregation
response to all agonists was unaltered by the vaccine in
both whole blood using Multiplate and in the flow cytomet-
ric platelet aggregation assay, where platelet aggregation of
isolated platelets is determined independent of platelet
count. Moreover, the PFA-200 showed no difference in
closure times in samples with vaccine compared with sam-
ples without vaccine, demonstrating unaltered global hemo-
stasis reflecting platelet adhesion, activation, and

aggregation in whole blood. The vaccine had no effect on
the expression of platelet receptors (data not shown). In the
drug-induced thrombocytopenia assay, the addition of vac-
cine with or without addition of human PF4 did not result in
binding of autoantibodies to platelets.

Overall, the ChAdOx1 nCoV-19 vaccine from Oxford–
AstraZeneca did not alter platelet function except from a
lower spontaneous platelet aggregation response in whole
blood. The reduced spontaneous platelet aggregation does
not seem to be directed through direct inhibition of platelet
activation as platelet activation capacity was unaltered by
vaccine administration. Thus, the finding may be either an
artifact or caused by other blood cells, as an effect was only
detected in whole blood and not observed when evaluating

Table 1 The effect of ChAdOx1 nCoV-19 Vaccine on platelet function

Reference intervala With
ChAdOx1 nCoV-19
vaccine

Without
ChAdOx1 nCoV-19
vaccine

p-Value

Spontaneous platelet activation (% positive platelets)

Activated GPIIb-IIIa – 20.0�12.9 18.4�12.9 0.45

CD63 – 3.0�0.7 2.7�0.6 0.33

CD62p – 16.4�6.8 16.9�5.7 0.74

TRAP-induced platelet activation (% positive platelets)

Activated GPIIb-IIIa 87.7–99.5 91.2�6.3 92.3�5.1 0.61

CD63 29.4–90.6 73.8�12.6 73.9�12.9 0.97

CD62p 93.2–99.7 97.1�2.4 96.7�2.8 0.52

Collagen-related peptide-induced platelet activation (% positive platelets)

Activated GPIIb-IIIa 67.4–99.6 77.3�10.5 78.7�9.0 0.21

CD63 30.7–89.9 42.4�11.4 41.5�9.8 0.39

CD62p 76.6–99.5 81.4�10.4 81.9�8.2 0.74

ADP-induced platelet activation, (% positive platelets)

Activated GPIIb-IIIa 90.9–99.5 96.3�2.1 97.0�1.6 0.05

CD63 20.6–72.7 56.9�12.9 59.5�11.7 0.17

CD62p 88.2–99.1 96.9�1.5 97.1�1.4 0.42

Platelet aggregation, whole blood (AU�min)

Spontaneous platelet aggregation 109� 54.2 153� 53.6 <0.01

TRAP-induced platelet aggregation 401–1,030 971� 210 1010� 292 0.47

ADP-induced platelet aggregation 647–1,110 508� 128 532� 240 0.70

Collagen-induced platelet aggregation 452–892 781� 139 802� 175 0.62

Platelet aggregation, isolated platelets (% aggregation)

Spontaneous platelet aggregation 0–3 0.7�0.5 0.7�1.2 1.00

TRAP-induced platelet aggregation 40–70 45� 10 44�9 0.90

ADP-induced platelet aggregation 38–78 47� 14 43�12 0.07

Collagen-induced platelet aggregation 60 -76 66� 3 64�3 0.14

Platelet Function Analyser-200 (s)

Collagen/ADP 67–127 92� 16 93�15 0.60

Abbreviations: ADP, adenosine diphosphate; AU, arbitrary units; GP, glycoprotein; TRAP, thrombin receptor activating peptide.
Note: The results are presented as means and standard deviations, and p-values are based on paired t-test.
aReference intervals are locally established.
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platelet aggregation on isolated platelets. Nevertheless, re-
duced spontaneous platelet aggregation would not result in
thrombosis formation, which is themain finding in VITT, but
instead a bleeding phenotype.

We added vaccine in a concentration corresponding to
administration of a full vaccine dose directly into the blood
stream. This does not exclude that a transiently higher con-
centration of vaccine is present at the site of injection in vivo
leading to platelet activation locally. However, this is not likely
the cause of thrombus formation invivo as it would be a short-
lived phenomenon as the vaccine distribution is a rapid first-
order reaction. Inaddition, inourexperiments, thevaccinewas
added to the samples as thefinal step and thus to some extent
imitates the direct administration into the blood stream.

Overall, the drug-induced thrombocytopenia test results
were in congruencewith the control experiments on healthy
donors’ platelets in a recent case series.2 Greinacher et al
reported only a limited effect of high concentrations of
ChAdOx1 nCoV-19 on washed platelet reactivity, which
they attributed to an in vitro artifact.2 Thus, the vaccine
does not lead to platelet reactivity of antibodies that are
present in the blood at the administration. However, it does
not exclude that the vaccine induces production of platelet
activating antibodies in vivo.

In conclusion, addition of ChAdOx1 nCoV-19 vaccine from
Oxford–AstraZeneca to citrate-anticoagulated whole blood
in vitro does not lead to spontaneous platelet activation or
platelet aggregation, nor does the vaccine directly inhibit
platelet activation and aggregation responses, or cause bind-
ing of autologous antibodies to platelets. Thus, intravasal
injection of the vaccine seems to be an unlikely direct trigger
for the VITT syndrome. Future studies providing in vivo data
from an animal model with intravascular ChAdOx1 nCoV-19
administration are needed to conclude that intravasal injec-
tion is not inducing VITT.
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