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Abbreviations

CVST Cerebral venous sinus thrombosis

VITT Vaccine-induced Immune thrombotic
thrombocytopenia

To the Editor,

Rare cases of vaccine-induced immune thrombotic
thrombocytopenia (VITT) and cerebral venous sinus
thrombosis (CVST) have been reported after ChAdOx1
nCoV-19 (Oxford-AstraZeneca) and Ad26.COV2.S
(Johnson&Johnson/Janssen) vaccination. VITT is known
to affect 1 per 100-000 vaccinated people irrespective of
age and up to 1 in 50:000 for people < 50 years of age [1].
VITT is associated with the detection of anti-PF4 antibodies,
unrelated to previous use of heparin therapy, that activate
platelets via the platelet FcyRIIA receptors, cause platelet
activation, thrombosis, and thrombocytopenia. VITT has
lately been acknowledged as a pancellular activation pro-
cess with multiple converging prothrombotic pathways that
include platelets and monocyte activation via Fc receptors,
neutrophil activation (NETs) and endothelial stimulation
[1][2]. Although VITT has rapidly benefited from expert
guidance on both diagnosis and management, the pathogenic
mechanism remains to be explored. Hypotheses in relation to
the adenoviral vector vaccine platforms’ induction of VITT
include binding of adenovirus to coagulation factors trig-
gering clot formation; vaccine induced secretion of spike
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protein activating endothelial cells through ACE2 and trig-
gering vascular thromboinflammation; anti-vector T cell
responses; binding of adenovirus capsid to PF4; impurities
of human or non-structural viral proteins in vaccine prepara-
tion triggering anti-PF4 [3].

VITT shares high similarities with autoimmune heparin-
induced thrombocytopenia (aHIT) [4]. The overall incidence
of CVST is 1.32 per 100 000 person-years [5], about 1% of
patients with HIT [6], and CVST secondary to aHIT only
identified in 21 cases in the literature [7]. VITT is associated
with an increased risk for CVST and splanchnic vein throm-
bosis as compared to other “common’ locations of venous
thrombotic events such as deep vein thrombosis and pulmo-
nary embolism. CVST in VITT often involved many of the
venous sinuses with thrombi extending into the venules [8].
Hence, it remains unclear why there is a peculiar preference
for the cerebral sinus veins. While much attention has been
paid on the potential mechanisms of VITT, no investigation
has addressed so far, the reason why thrombosis in VITT has
a specific tropism for venous sinuses [9][10].

Apart from thrombo-embolic events, severe adverse
reactions following adenovirus vector COVID-19 vaccina-
tion include capillary leak syndrome (very rare) and three
inflammatory adverse reactions: myocarditis (3.0 per mil-
lion doses), pericarditis (1.7 per million doses) [11] and
rare cases of Guillain-Barré Syndrome [12]. Inflammation-
related adverse reactions following adenovirus-vectored
COVID-19 vaccines indicate a marked vaccine reacto-
genicity [13]. In line with this view, Menni et al. reported
a higher incidence of systemic side-effects after a first dose
of AstraZeneca (n=116473 (33.7%)) as compared to the
Pfizer vaccine (n=38155 (13.5%)) among 627383 UK
patients [14]. Especially, a 3.6-fold increase in headaches
was reported by the authors after a first dose of ChAdOx1
nCoV-19 (78734 (22-8%) vs 21910 (7-8%)) as compared to
BNT162b2. Upon vaccination, mediators of inflammation
initially produced at a localized site may spread through-
out the vasculature and boost a systemic inflammatory
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response. Inflammation is triggered at a localized site in the
body with activation of immune cells, mast cells, monocytes
and macrophages within minutes of injection. Release of
inflammatory markers in the bloodstream (proinflammatory
cytokines, chemokines, effectors of the complement cascade
etc.) may promote an inflammatory response to the central
nervous system [13] via receptors on the vagus nerve, at the
blood-brain barrier and the circumventricular organs [15]
[16]. This translates in elevated intracerebral levels of pyro-
genic cytokines (e.g. interleukin-1, interleukin-6, tumour
necrosis factor-alpha, prostaglandin-E2 etc.).

Salih et al. recently introduced the concept of a « pre-
VITT syndrome» for those with severe headache, high
d-dimer levels, positive anti-PF4 antibodies but no CVST or
other thromboses [17]. Severe headache did not develop sec-
ondary to CVST but instead proceeded CVST. The authors
suggested that headache was likely due to microthrombosis
in smaller cortical veins. A post-mortem examination of
VITT cases confirmed extensive vascular thrombotic occlu-
sions occurring in the microcirculation of multiple organs
and increased inflammatory infiltrates [18]. Immunohis-
tochemical analyses showed high expression of adhesion
molecules (VICAM1), complement components, CD66b +,
CD163 + and CD61 +[18]. Both the innate immune system
and complement pathway are thought to promote microvas-
cular damage and thrombo-inflammation. These findings
underscore that the VITT cascade is a highly dynamic sys-
tem with cerebral microthrombosis supposed to occur first in
patients with positive anti—-PF4 antibodies causing headache.
Then, high titers of anti-PF4 antibodies activate platelets and
induce neutrophil activation and NETs formation, leading to
thrombosis in larger sized vessels [19]. Anti-PF4 antibod-
ies in VITT have been demonstrated to mimic the effect of
heparin by binding to a similar site on PF4, allowing PF4
tetramers to cluster and form immune complexes, which in
turn cause FcyRIIa-dependent platelet activation [20]. A
proinflammatory milieu is key in the pathogenesis of VITT
together with a massive innate immune activation, extensive
degranulation of neutrophils, tissue, and endothelial damage
and NETosis [2][19].

Currently, the role of neuroinflammation defined as
meningeal irritation/inflammation after COVID-19 adeno-
viral vector vaccination has not been addressed as a potential
booster effect of cerebral thrombosis in VITT. Two distinct
and potentially complementary pathways may trigger neu-
roinflammation after adenovirus vector COVID-19 vaccina-
tion and represent a major hub in the bidirectional interplay
between inflammation and thrombosis in VITT and CVST.

First, systemic release of inflammatory mediators fol-
lowing vaccination can lead to increased levels of intrac-
erebral mediators and products of inflammation. This can
promote endothelial stimulation leading to the exposure of
procoagulant phospholipid at the outer leaflet of the plasma

membrane, tissue factor, vVWF and P-selectin expression [21]
[22] locally in the brain and contribute to a dysregulated
and excessive activation of immunothrombosis resulting in
thrombo-inflammation, causing tissue ischaemia by micro-
vascular and macrovascular thrombosis.

Second, mimicking the neuroinvasivity of SARS-CoV-2
[23], vaccine induced secretion of spike proteins binding
ACE2 on cerebral endothelial cells may initiate cerebral
vascular inflammation and damage with consequent platelet
activation, favoring cerebral thrombotic events.

VITT is a new syndrome and current gap in knowledge
include why certain vascular beds are more susceptible to
thrombosis. The frequent coexistence of splanchnic vein and
CVST remains unclear sinus thrombosis. Given the close
interplay between inflammation and thrombosis, further
research specifically designed to assess the potential role for
meningeal irritation and inflammation in triggering a vas-
cular endothelial cells substrate suitable for CVST may be
of interest. Targeting neuroinflammation to prevent throm-
boinflammation is an appealing concept not yet covered by
current preventive and therapeutic measures in COVID-19
vaccination.
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