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1 | INTRODUCTION

The coronavirus disease 2019 (Covid-19) has various presentations,
from a flu-like illness to acute respiratory distress syndrome (ARDS),
multi-organ failure, and death.? Thrombotic events are a well-
known severe complication of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection. Following the introduction of
Covid-19 vaccines, the morbidity and mortality associated with
infection-induced thromboembolic events were expected to
decrease significantly.®> However, thromboembolic events have also
become a significant concern following vaccination, especially with
adenoviral vector vaccines,* which have raised several debatable
questions and challenges. This article discusses the similarities and
differences between SARS-CoV-2-induced and Covid-19 vaccine-

induced thrombosis.

2 | DEFINITION AND INCIDENCE
2.1 | SARS-CoV-2-related thrombosis

The coronavirus disease 2019 has been related to systemic coagul-
opathy and thromboembolic events.> The incidence of these com-
plications depends on the setting within which they occur and the
vessels involved. For example, a study estimated the incidence of
pulmonary embolism (PE) and deep vein thrombosis (DVT) to be
13.5% and 11.8%, respectively.®

2.2 | The coronavirus disease 2019 vaccine-related
thrombosis

Since the beginning of the Covid-19 vaccination programs, several
cases of thromboembolic events have been reported, specifically,
from the European Medicines Agency's (EMA) Pharmacovigilance
Risk Assessment Committee (PRAC) update: over 1000 events
related to thrombosis from vaccines have been reported worldwide
up to 31 July 2021.”7 Thrombosis with thrombocytopaenia syndrome,
also known as vaccine-induced immune thrombotic thrombocyto-
penia (VITT), has been more commonly reported following adenoviral
vector vaccines, such as the ChAdOx1 nCoV-19 (Oxford-AstraZe-
neca) and AD26.COV2.S (Johnson & Johnson/Janssen) vaccines, with
the latter having the lower number of reported VITT cases of two,
which is likely due to the fact that the AstraZeneca vaccine is more
commonly used than the Johnson & Johnson/Janssen vaccine, as the
first one has been approved in 10 times as many countries as
the latter.2 Moreover, some suspected VITT cases had been observed
following vaccination with mRNA vaccines, all of which were

associated with the mRNA-1273 (Moderna) vaccine.”'° Despite the
very low incidence of VITT after administration of the vaccines
mentioned above, the high rate of vaccinations globally has resulted
in a relatively high number of VITT cases.’! Nevertheless, since the
overall incidence of thromboembolic events is rare and the overall
benefits outweigh the potential side effects, the Centres for Disease
Control and Prevention and the Advisory Committee on Immunisa-
tion Practices continue to recommend the ChAdOx1 nCoV-19 and
AD26.COV2.S vaccines for adults.'?

Not all thromboembolic events following anti-SARS-CoV-2
vaccination are necessarily VITT, as VITT has some specific fea-
tures, such as severe, persistent, or recurrent headaches, abdominal
pain, shortness of breath, chest pain, limb pain or swelling, sometimes
accompanied by a flu-like syndrome, occurring 4-30 days after
vaccination. Also, arterial or venous thrombosis, thrombocytopenia
(symptoms may include petechial or mucosal bleeding), positive an-
tiplatelet factor 4 (PF4)/polyanion antibodies, and a positive platelet
activation assay (e.g., serotonin release assay (SRA)) would be pre-
sent in this condition.®

In a study by Scully et al.'* 22 patients with no history of pro-
thrombotic conditions (all received the first dose of the ChAdOx1
nCoV-19 vaccine 6-24 days before presentation) presented with
acute thrombocytopenia and thrombosis, primarily cerebral venous
sinus thrombosis (CVST), and 1 patient presented with isolated
thrombocytopenia and a hemorrhagic phenotype. All the patients had
low or normal fibrinogen levels and elevated D-dimer levels at pre-
sentation. Moreover, most patients tested positive for anti-PF4/
polyanion antibodies, with only one tested negative. Treatment with
non-heparin anticoagulants and intravenous immunoglobulin (IVIG) is
warranted. Furthermore, platelet transfusions should be avoided

because of the risk of progression in thrombotic symptoms.'*

3 | RISK FACTORS
3.1 | SARS-CoV-2-related thrombosis

The risk factors of thromboembolic events in a Covid-19 patient are
primarily the same as the Virchow triad: endothelial cell dysfunction
or inflammation, blood flow stasis, and hypercoagulability. The un-
derlying mechanisms consist of (1) increased levels of pro-
inflammatory cytokines, leading to a high-grade inflammatory state
in these patients!®; (2) high expression of angiotensin-converting
enzyme 2 (ACE2) on the endothelial cell membrane, acting as the
entry point for SARS-CoV-2 into the cells*®; and (3) immobilisation
imposed by prolonged hospitalisation, or paralysis-induced by the
disease itself.2”"*® Moreover, Covid-19 patients who become severely
ill and hospitalised usually have additional risk factors, such as
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advanced age, obesity, diabetes mellitus, hypertension, ischemic
heart disease, and perhaps active malignancies, leading to an
increased risk of coagulopathy in these patients.’

3.2 | The coronavirus disease 2019 vaccine-related
thrombosis

The risk factors associated with VITT are also probably the same as
the Virchow triad. Nonetheless, it is vital to mention that an unde-
tected SARS-CoV-2 infection at the time of vaccination can also be
another potential triggering factor.2’ Moreover, VITT may also occur
in patients with a pre-existing hypercoagulable state or an autoim-
mune disorder, such as factor V Leiden, protein C/S deficiency, or
antiphospholipid syndrome, demonstrating the importance of taking
extra precautions when vaccinating these populations, especially
with adenoviral vector vaccines.?! Other potential risk factors
include female sex and younger age,?! although the impact of age
remains controversial.?? In September 2021, PRAC further updated
the product information by removing the current statement that
reported thrombosis with thrombocytopenia syndrome cases
occurred mostly in women under 60 years of age since the age and
sex imbalance seemed smaller than previously observed. Neverthe-
less, the exact effect of prior coagulopathy in vaccinated people (or
their family), hormonal medications, autoimmune disorders, history
of thrombocytopenia, or pregnancy as factors triggering VITT is

unknown.?®

4 | PATHOPHYSIOLOGY
4.1 | SARS-CoV-2-related thrombosis

In Patients exhibiting severe Covid-19 infection, thrombocytopenia is
one of the most clinical characteristic features.?* According to
McFadyen et al.2* thrombocytopenia is associated with a five-fold
increased risk of severe Covid-19, although it is not a common
finding in non-severe cases. In severe cases, SARS-CoV-2-activated
platelets secrete a group of different chemokines, including PF4,
CCL3, CCL7, CXCL1, CXCL5, and CXCL7, which will induce the
recruitment of white blood cells, granting platelets a pro-
inflammatory phenotype in the setting of SARS-CoV-2 infection.?*
Thus, these patients may develop thromboembolic complications via
mechanisms, such as platelet activation, coagulopathy, neutrophil
extracellular traps, and a cytokine storm (Figure 1).2° Moreover, a
study by Koupenova et al.?® demonstrated that SARS-CoV-2 RNA
could be detected with different levels in all Covid-19 patients'
platelets because platelets can rapidly internalise SARS-CoV-2 either
through ACE2 or by taking up virions attached to microparticles.?®
Internalisation of SARS-CoV-2 initiates platelet death programs,
leading to the release of platelet content and subsequent reduction
of their functionality, which can contribute to dysregulated immunity

and thrombosis.?®

4.2 | The coronavirus disease 2019 vaccine-related
thrombosis

The complete pathophysiology of VITT has been discussed previ-
ously.?” However, in summary, the proposed mechanism of VITT in-
cludes anti-PF4 antibody formation, excessive platelet activation,
aggregation, and consumption, somewhat similar to heparin-induced
thrombocytopenia (HIT), but without exposure to heparin itself.?®
Recently, the antibody epitopes in VITT were determined using
alanine-scanning mutagenesis.?? It was found that the binding of anti-
PF4 antibodies from patients with VITT was restricted to eight sur-
face amino acids on PF4, all of which were located within the
heparin-binding site, and that the binding was inhibited by heparin.??
By contrast, antibodies from patients with HIT bound to amino acids
corresponding to two different sites on PF4. It was also revealed that
VITT anti-PF4 antibodies had a stronger binding response to PF4 and
PF4-heparin complexes than HIT anti-PF4 antibodies, albeit with
similar dissociation rates.?’ Thus, these findings suggest that VITT
antibodies can mimic the effect of heparin by binding to a similar site
on PF4, allowing PF4 tetramers to cluster and form immune com-
plexes, which in turn causes platelets activation via low-affinity

platelet Fcylla receptors (FcyRlla) (Figure 2).1%22

5 | MANIFESTATIONS
5.1 | SARS-CoV-2-related thrombosis

Arterial thrombosis in the settings of Covid-19 has been commonly
reported, and its manifestations depend on the specific artery
involved. For example, thrombosis of the coronary artery may lead to
myocardial infarction®®; pulmonary arterial thrombosis can have a
wide range of manifestations, from acute dyspnoea to asymptomatic
and undiagnosed thrombosis, which can only be identified during an

L. arterial thrombosis in the central nervous system may

autopsy®
lead to cerebrovascular events and stroke®?; intraluminal carotid
artery thrombosis may present itself with symptoms of acute
ischemic stroke®3; central retinal artery thrombosis can manifest it-
self with symptoms of anterior ischaemic optic neuropathy®* acute
PE can appear as abrupt dyspnoea and haemoptysis, which can

h%% acute

rapidly progress to haemodynamic instability and deat
aorto-iliac and mesenteric arterial thrombosis may become manifest
as acute mesenteric ischemia and acute abdominal pain®¢; and pe-
ripheral arterial thrombosis, such as lower extremity arterial
thrombosis, can result in acute limb ischemia, claudication, and rarely
amputation.”-%8

Venous thromboembolism (VTE) has been commonly found in
the Covid-19 setting, with slightly different manifestations, including
CVST, with various presentations, such as new-onset seizures,
headaches, hemiplegia, or aphasia®®; superficial and deep venous
thrombosis (SVT/DVT), leading to limb swelling and redness*%4%;
pulmonary venous thrombosis, with haemoptysis, cough or pro-

gressive dyspnoea®?; portal or splanchnic vein thrombosis,
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FIGURE 1 SARS-CoV-2-induced thrombosis. SARS-CoV-2 travels to the lungs and attaches to the angiotensin-converting enzyme 2
(ACE2) receptor on the membrane of the pneumocyte cells of alveoli, triggering immune cells chemotaxis from the arteries and secreting
cytokines & chemokines. Eventually, these cytokines cause pyroptosis in the pneumocyte cells, and simultaneously, the production of E-
selectin, avB3, ICAM-1, P-selectin, VWF, and TF increases, activated by the adhesion of active platelets to the neutrophil-TF-PSGL-1-P-
selectin complex. At the same time, due to this increment, the neutrophil-TF complex will undergo some intracellular changes, commonly
known as NETosis, to which the PSGL-1-P-selectin-active platelet complex and the Mac-1-GPlb-activated platelet complex are attached.
Platelets are activated when inactive platelets collide with the NET-histones complex. The MAC complex is activated and eliminates the cells,
thus, increasing VWF production and prothrombin activity. Cell destruction will increase cytokine secretion, such as TNF-q, IL-1, IL-6, IL-8, and
MCP-1. These cytokines form the active platelet-CR1-C3b complex, which enhances TF production with the help of PolyP. This complex can
also produce thrombin by affecting prothrombin via factor IXa and factor Xa. Thrombin is converted to fibrinogen, increasing the production of
PAI-1 that would block tPA activity. Moreover, fibrinogen is converted to fibrin, which, when added to aggregated platelets, will cause
thrombosis. ACE2, angiotensin-converting enzyme two; GPIb, glycoprotein Ib; CR1, complement receptor 1; FIXa, factor 1Xa; FXa, factor Xa;
ICAM-1, intercellular adhesion molecule 1; IL-1, interleukin-1; IL-8, interleukin-8: Mac-1, macrophage-1 antigen; MAC, membrane attack
complex; MCP-1, monocyte chemoattractant protein 1; NET, neutrophil extracellular traps; PAI-1, plasminogen activator inhibitor-1; PSGL-1,
P-selectin glycoprotein ligand-1; TF, tissue factor; TNF-a, tumour necrosis factor-a; tPA, tissue plasminogen activator; vWF, Von Willebrand
factor

presenting with acute abdominal pain*®#%; and more rarely, ovarian 5.2 | The coronavirus disease 2019 vaccine-related

venous thrombosis, presenting with abdominal pain and vomiting.*” thrombosis

Non-vessel thrombotic complications may also occur in this setting,
such as extracorporeal membrane oxygenation, continuous veno-
venous hemofiltration circuit, coronary stent, and bioprosthetic
mitral valve thrombosis.*®>% Moreover, thrombotic microangiopathy
has been reported in adults and children with Covid-19, presenting
hemolytic anemia, thrombocytopenia, and occasionally end-organ

failure.>*

Thrombosis induced by anti-SARS-CoV-2 vaccines has similar mani-
festations as the thromboses in the setting of de novo SARS-CoV-2
infection. However, vaccine-induced thromboses have mainly been
seen to involve blood vessels in unusual locations, such as splanchnic
(mesenteric, hepatic, or portal) veins (manifesting with acute
abdominal pain and vomiting), adrenal veins (presenting with adrenal
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FIGURE 2 Covid-19 vaccine-induced thrombosis. After injection, the vaccine elements enter the bloodstream through vascular
endothelial cells, leading to platelet factor 4 (antiplatelet factor 4 (PF4)) production. The produced PF4 and PF4-heparin (polyanion) complex
travel to the spleen, where they could activate B cells and CD4* T cells through activating dendritic cells in the white spleen pulp. CD4* T cells
also themselves can increase the activity of B cells. B cells are then converted to plasma cells, secreting anti-PF4-heparin (polyanion)
antibodies, which subsequently enter the bloodstream. Then, the formed antibody-antigen complex would bind to the FcyRlla on the surface
of inactive platelets, resulting in the triggering and activating of them, which subsequently can lead to thrombosis. One important therapeutic
option in the vaccine-induced immune thrombotic thrombocytopaenia setting is the intravenous immunoglobulin (anticoagulants and
intravenous immunoglobulin (IVIG)) administration that would inhibit platelet activation. HIPA assay, heparin-induced platelet aggregation
assay; ITP, immune thrombocytopenia; IVIG, intravenous immunoglobulin; PF4, platelet factor 4

failure), and cerebral veins (exhibiting headaches, visual disturbances,
seizures, mental status changes, or coma).>>>” Moreover, pulmonary
artery thrombosis and DVT cases have also been reported following
vaccination.’®° Ultimately, infrequent events, such as ophthalmic
vein thrombosis, and acute coronary artery thrombosis, have also
been reported in these settings.°"%? In general, cerebrovascular ac-
cidents, myocardial infarction, and pulmonary thromboembolism
(PTE) have been the most commonly reported thromboembolic
events following the administration of Covid-19 vaccines.®® It is vital
to mention that venous involvement is more commonly seen than
arterial thrombosis.®* Furthermore, the characteristics of thrombotic
events after Covid-19 vector-based vaccines differ between the two
adenoviral vector vaccines, with DVT/PTE and arterial thrombosis
being more frequently reported following the AstraZeneca vaccine
than the Johnson & Johnson/Janssen vaccine, probably due to the

higher numbers of the AstraZeneca vaccine administered.®®

6 | LABORATORY DATA
6.1 | SARS-CoV-2-related thrombosis

The D-dimer levels usually increase in any thrombotic event,
regardless of its aetiology.®® However, this marker is also a
nonspecific indicator of inflammation that may increase in several
other conditions, including sepsis, surgery, pancreatitis, and even
pregnancy, and thus, it has a low level of specificity for thrombosis.®”
Moreover, it has been previously shown that D-dimer elevation in the
context of Covid-19 could suggest increased severity and mortality.%®
Therefore, elevated D-dimer levels are observed during severe cases
of Covid-19 infection, even in the absence of a thrombotic event.®?
Furthermore, its increment on admission can act as a prognostic
criterion for bleeding and thrombosis in these patients. Other pre-

dictive markers of thrombosis in a hospitalised SARS-CoV-2-infected
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patient include increased C-reactive protein, erythrocyte sedimen-
tation rate, ferritin, procalcitonin, and decreased fibrinogen.”®

6.2 | The coronavirus disease 2019 vaccine-related
thrombosis

In any individual with a suspected post-vaccination thromboembolic
event, a full haematologic workup should be carried out, including a
complete blood count, peripheral blood smear, D-dimer, fibrinogen,
coagulation tests (prothrombin time, partial thromboplastin time, and
international normalized ratio), renal (blood urea nitrogen, and
creatinine) and liver (aspartate aminotransferase, alanine amino-
transferase, alkaline phosphatase) function tests, electrolytes (so-
dium, chloride, potassium, bicarbonate), and anti-PF4/heparin
(polyanion) antibody test. Based on the mentioned laboratory assays,
the VITT diagnosis can be divided into four categories proposed by
Pavord et al.”%: definite, probable, possible, and unlikely. A definite
VITT diagnosis is made when all of these criteria are met: (1) onset of
symptoms 5-30 days after vaccination (or <42 days in patients with
isolated DVT or PE, (2) presence of thrombosis, (3) thrombocytopenia
(platelet count <150,000/ul), (4) D-dimer level >4000 fibrinogen-
equivalent units (FEU), and (5) positive anti-PF4 antibodies on
enzyme-linked immunosorbent assay (ELISA). A probable VITT
diagnosis is indicated when D-dimer level >4000 FEU, but one cri-
terion is not met (timing, thrombosis, thrombocytopenia, or anti-PF4
antibodies), or D-dimer level is unknown or between 2000 and 4000
FEU and all other criteria are met. A possible VITT diagnosis is when
D-dimer level is unknown or 2000-4000 FEU with one other crite-
rion not met or two other criteria not met (timing, thrombosis,
thrombocytopenia, or anti-PF4 antibodies). Finally, VITT is deemed
unlikely in a patient if platelet count <150,000/ul, D-dimer level
<2000 FEU, and there is no evidence of thrombosis, or if thrombosis
is evident, but the platelet count >150,000/ul and D-dimer level
<2000 FEU, regardless of anti-PF4 antibody result, and alternative
diagnosis is more likely. In all settings, consultation with a hematol-
ogist is highly recommended.

Another criterion for VITT diagnosis is the VITT-adapted 4 Ts
scoring system.”? In this system, each parameter, that is, thrombo-
cytopenia, timing, thrombosis, and other cause of thrombosis or
thrombocytopenia, will be given a score from O to 2. Then, based on
the patient's total score, the VITT diagnosis could be interpreted as
low probability if the score is 0-3, intermediate probability if the
score is 4-5, or high probability if the score is 6-8.72

7 | DIAGNOSIS
7.1 | SARS-CoV-2-related thrombosis

If clinically suspected, VTE should be confirmed with sensitive im-

aging modalities, such as magnetic resonance venography (MRV),

magnetic resonance angiography, computed tomography pulmonary
angiogram (CTPA), pulmonary ventilation/perfusion (V/Q) scan, or
colour Doppler ultrasonography.”® However, it is vital to mention
that elevated D-dimers without clinical manifestation of VTE do not
warrant diagnostic imaging.”*

7.2 | The coronavirus disease 2019 vaccine-related
thrombosis

The necessary laboratory procedure for VITT diagnosis is detecting
anti-PF4/heparin (polyanion) antibodies via ELISA.”> All other
methods for detecting these antibodies, such as rapid immunoassay
and chemiluminescence immunoassay, have low sensitivity and thus
may produce false negatives.”® Therefore, a negative ELISA rules out
VITT and indicates other possible aetiologies. Nonetheless, a positive
test mandates further confirmatory assays, including the SRA,
heparin-induced platelet activation assay, platelet aggregation test,
heparin-induced multiple electrode aggregometry, PF4-dependent P-
selectin expression assay, PF4-SRA, or PF4/heparin-SRA.”” Like any
other thromboembolic event, definitive diagnostic imaging should
also be performed based on the clinical presentations in a suspected
case of VITT. For example, patients presenting with sudden onset
dyspnoea and suspicion of PTE should undergo a CTPA or V/Q scan,
while for those with new-onset limb swelling and pain, performing a
colour Doppler ultrasonography is highly recommended. Moreover,
in cases with suspected post-vaccination CVST, performing a CT
venography or MRV seems reasonable, whereas, in patients with
abdominal symptoms, an intravenous contrast-enhanced CT scan

would be the most appropriate diagnostic tool.

8 | TREATMENT
8.1 | SARS-CoV-2-related thrombosis

Patients with confirmed VTE should be treated according to the
established guidelines of thromboembolism therapy. However, low-
molecular-weight heparin (LMWH) and direct oral anticoagulants
(DOACS) are the preferred therapeutic agents in inpatient and post-
discharge settings, respectively.”® Although it was believed that if
the patient's respiratory condition deteriorates or develops into
ARDS, a transition from a prophylactic or intermediate-dose to a
therapeutic dose regimen seems reasonable, even in the absence of
confirmed VTE,”?8 a recent clinical trial refutes this hypothesis.®?
A proposed mechanism for this observation could be that in the
presence of marked pulmonary inflammation in critically ill Covid-19
patients, administration of therapeutic-dose anticoagulants may
exacerbate the alveolar haemorrhage, leading to worse clinical
outcomes.®? It is also of note that the total duration of anticoagulant
therapy should be at least 3 months following a confirmed throm-

botic event.8?
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8.2 | The coronavirus disease 2019 vaccine-related
thrombosis

The primary medications for VITT management include IVIG and
anticoagulants. IVIG's recommended dose and duration is 1-2 g/kg/
day for 2 days. For anticoagulation therapy, parenteral direct
thrombin inhibitors, such as argatroban or bivalirudin, are recom-
mended for first-line therapy, and DOACs, such as apixaban or
rivaroxaban, or synthetic inhibitors of factor Xa, such as fondapar-
inux or danaparoid, could be used as alternatives. Antiplatelet agents,
including aspirin and platelet transfusions, should be avoided®*
(Figure 3). Heparin is also contraindicated in the context of VITT,
except when the anti-PF4/heparin (polyanion) antibody ELISA is
negative, disseminated intravascular coagulation is ruled out, and the
platelet count is normal (>150,000/pl). Warfarin and other vitamin K
antagonists are also contraindicated if thrombocytopenia is present.
Corticosteroids are recommended only in the case of severe
thrombocytopenia, or if there is a shortage/inaccessibility to IVIG,
with a 40 mg dose of dexamethasone daily (or equivalent doses of
other corticosteroids) for 4 days.®> Fibrinogen correction with
fibrinogen concentrate or cryoprecipitate can be considered if
excessive and uncontrollable bleeding occurs or very low fibrinogen
values are present.®® Inhibitors of Bruton tyrosine kinase (Btk) have
also been proposed as a treatment modality for VITT.8” In the case of
a significant CVST, thrombectomy or surgical intervention can be
considered.®® Moreover, due to the probability of thrombocytopenia
recurrence after completing the IVIG course, monitoring the platelet
count during hospitalisation and after discharge is highly recom-
mended.”? The total duration of treatment in a VITT patient is
3 months after normalisation of the platelet count, as long as no
further thrombosis occurs, similar to de novo infection-induced
thrombosis.”?

9 | PREVENTION
9.1 | SARS-CoV-2-related thrombosis

Due to the increased risk of thrombosis in severe forms of Covid-
19, LMWH at intermediate doses or unfractionated heparin in-
fusions is recommended for patients with high D-dimers or those
admitted to an intensive care unit (ICU), even in the absence of

8990 Moreover, if not contra-

thromboembolic consequences.
indicated, a prophylactic dose of LMWH should be considered in all
patients requiring hospitalisation, even non-critically ill cases.”?
Nevertheless, it should be pointed out that recent data indicate that
there is no superiority of intermediate-dose versus the standard
low-dose thromboprophylaxis, demonstrating the fact that empirical
use of intermediate-dose prophylactic anticoagulation in unselected
patients admitted to the ICU with Covid-19 may not be beneficial.”
On the other hand, some dose increment in particular clinical set-

tings, such as a 50% increase in the thromboprophylaxis dose in

obese patients, is mandated.”® Hospitalised patients who meet high
VTE risk criteria should be recommended to take the thrombopro-
phylaxis dose until 14-30 days post-discharge.”* In this condition,
the administration of a DOAC seems more convenient for pa-
tients.”® However, the exact dose and duration of the anticoagulant
thromboprophylaxis, including post-hospital discharge prophylaxis,
is still controversial in SARS-CoV-2-infected patients.”® In patients
with contraindications of pharmacological thromboprophylaxis
(e.g., thrombocytopenia or impaired coagulation tests), mechanical
methods should be considered, including the use of intermittent

pneumonic compression devices.”’

9.2 | The coronavirus disease 2019 vaccine-related
thrombosis

Considering numerous VITT reports in younger individuals, author-
ities in many countries prohibit the administration of vector-based
vaccines in these populations. Furthermore, a negative SARS-CoV-2
reverse-transcriptase-polymerase-chain-reaction (RT-PCR) test at
the time of vaccination may lower the rate of VITT and other Covid-
19-related complications. It is worth mentioning that aspirin plays no
role in preventing VITT and may exacerbate the risk of bleeding or

even blunt the vaccination-induced immune response.

10 | VACCINE-INDUCED THROMBOCYTOPENIA

Recently, Salih et al. developed a new term, vaccine-induced throm-
bocytopenia (VIT) or pre-VITT syndrome, described as VIT without
associated CVST or other thromboses mainly manifested as severe
headaches. In this report, 11 patients were presented with severe
headaches without any thromboses 5-18 days after receiving the
AstraZeneca Covid-19 vaccine.”® These patients had thrombocyto-
penia, high D-dimers, and anti-PF4-heparin 1gG antibodies. During
the follow-up period, 3 patients developed intracranial haemorrhage,
of which 2 patients were later diagnosed with a newly-onset CVST.”®
Thrombotic complications were not apparent in seven of these pa-
tients, and all except one of these 7 patients were treated according
to the standard VITT treatment plan (IVIG, glucocorticoids,
therapeutic-dose anticoagulants) within 5 days of their headache
onset. On the other hand, for the other 4 patients who developed
thrombosis, therapeutic-dose anticoagulants were either not initi-
ated until 6-9 days after headache onset or were halted prior to
CVST development.”®

Despite being already reported as one of the typical signs and
symptoms of CVST-associated VITT, this study argued that throm-
bocytopenia with severe headache, high D-dimers, and anti-PF4-
heparin 1gG antibodies could be instead, a sign of VIT that may
further progress to VITT.2184%8 Thus, clinicians should be aware that
severe headache in a typical setting of VITT (recent history of

vaccination with adenoviral vector Covid-19 vaccines, high D-dimers,
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Manifestations

Symptoms or signs of thrombosis within 4-25 days
of receiving the vaccine without receiving any
anticoagulants or heparin

!

blurred vision, sever headache, seizures, pallor and
coldness in a limb, swelling and redness in a limd,
chest or abdominal pain, shortness of breath

Diagnosis

v S

Normal tests «—— CBC, D-dimer & fibrinogen — Isolated thrombocytopenia

|

VITT rule out, Consider vaccine-induced
consider another ITP if no thrombosis identified
pathogenesis

Thrombocytopenia (< 150,000/pL) with
high D-dimer (> 2,000 ng/mL) and/or
low fibrinogen (< 200 mg/dL)

! !

Appropriate imaging Anti-PF4 antibody test

modality*
Positive Negetive A Look for another

pathogenesis
Platelet activation assay (HIPA, SRA)

l Positive

VITT

J\

|

IVIG (1-2 g/kg for two days), high-dose corticosteroids, non-heparin anticoagulants®

Treatment

FIGURE 3 A proposed diagnostic and therapeutic algorithm for vaccine-induced immune thrombotic thrombocytopaenia (VITT). If a
patient with a history of The coronavirus disease 2019 (Covid-19) vaccination, especially with adenoviral vector vaccines, in the past 5-
20 days and was presented with symptoms, such as blurred vision, severe headache, seizures, pallor, cold, swelling, and redness in the limbs,
chest or abdominal pain, and shortness of breath, VITT can be suspected, necessitating further investigations. Thus, CBC, D-dimer, and
fibrinogen tests should be performed. A VITT diagnosis would be highly unlikely and ruled out if the test results are normal. On the other hand,
if only thrombocytopenia (platelet count <150,000/pl) is detected in the CBC, a diagnosis of vaccine-induced ITP flare-up or, especially if a
severe headache is present, VIT could be considered for the patient. However, if thrombocytopenia, high D-dimers (>2000 ng/ml), and low
fibrinogen (<200 mg/dl) are present, further imaging and serologic tests are mandated, of which anti-PF4-heparin 1gG antibody testing via
antibodies on enzyme-linked immunosorbent assay or immunoassay is the most vital. A platelet activation assay, such as HIPA assay, or
serotonin release assay (SRA), should be performed if positive. If also positive, VITT diagnosis will be confirmed. After confirmation,
anticoagulants and IVIG (1-2 g/kg for 2 days), high-dose corticosteroids, and non-heparin anticoagulants should be immediately initiated for
the patient. * Magnetic resonance venography (MRV), magnetic resonance angiography (MRA), computed tomography pulmonary angiogram
(CTPA), pulmonary ventilation/perfusion (V/Q) scan, or colour Doppler ultrasonography. $ Rivoraxaban, apixaban, argatroban, dabigatran,
bivalirudin, fundaparinux, danaparoid. CBC, Complete blood count; HIPA assay, Heparin-induced platelet aggregation assay; ITP, Immune
thrombocytopenia; IVIG, Intravenous immunoglobulin; PF4, Platelet factor 4; SRA, Serotonin release assay; VITT, Vaccine-induced immune

thrombotic thrombocytopenia; VIT, Vaccine-induced thrombocytopenia

and anti-PF4-heparin IgG antibodies) may be a sign of micro-
thrombosis in smaller cortical vessels, implicating a possible chance
of subsequent CVST development.”® Therefore, patients with severe
headaches 5-20 days after vaccination with adenoviral vector Covid-
19 should immediately undergo further VITT diagnostic tests. If
proven high-risk for developing CVST, immediate administration of
IVIG, among others, could prevent this catastrophic adverse event
from happening.”®

11 | PUBLIC HEALTH CONSEQUENCES
11.1 | Interruption of vaccine campaigns

For decades, public concerns about vaccines for disease prevention
have circulated, fuelled by extensive media coverage capitalising on
exaggerated headlines.’”1°° This can substantially impact cam-
paigns intended to increase vaccination uptake and subsequently

95UB017 SUOWIWOD SA 181D 3 (cedt[dde au Ag peusenob a1e seoie VO ‘8sn Jo S9N Joj AIq1T8UIUO AS]IA UO (SUOTHPUOD-PUR-SLUIBY/WOY™A8 | 1M Afe.d jouUOy/:SdNL) SUORIPUOD pue SW | 81 88S "[£20z/TT/80] U0 AkiqiTauluo A8 |IMm ‘(-uleAnde ) aqnopesy Ad £Z£z AUL/Z00T OT/I0p/Woo™A8|im Areiqijeul|uo//sdny woij pepeojumod ‘v ‘Z20g ‘vS9T660T



AFSHAR ET AL

WILEY__| 2%

increase herd immunity, with even the slightest uncertainty about
safety causing immediate halts in public confidence.?”"1°* Moreover,
these effects can be extremely long-lasting, such as the unfounded
link between vaccination and autism.’°® An article published in
1998 suggested a link between the measles, mumps, and rubella
vaccine and autism,'®? which was later found fraudulent.’®® Despite
subsequent rigorous evidence reporting no evidence of any asso-
ciation between the two,°* public memory of these headlines has
retained the link regardless, evident in a 2017 survey of 1000
Canadian parents where 28% still believed or were uncertain about
whether a link between vaccines and autism existed.'®> Social
media is another relatively new source of information and misin-
formation fuelling vaccine hesitancy among some subscribers,
potentially a more significant concern than mainstream media due
to the lack of editorial oversight.*°® Concerns around vaccine safety
due to issues, such as thromboembolic events, have resulted in
suspension to national vaccine rollout in some countries, contrib-
uting to substantial drops in public confidence.'®” However, some
studies are reporting sustained willingness by the public to vacci-
nate against Covid-19, with other manufacturers apart from

AstraZeneca.108:19?

11.2 | Countering negative vaccine connotations

Understanding how the media influences public health campaigns has
never been more critical. The ability to immediately share informa-
tion and communicate has created a new age where both positive and
negative messages can be shared for people to consider, regardless of
whether the content is true or false. Policymakers and government
officials need to rapidly increase their digital communication skills as
traditional educational campaigns urging people into certain behav-
iours based on scare tactics or simply sharing health advice is not
creating the impact it once did.1*>*1? Indeed, public health campaigns
need to embrace innovative technology and work with mainstream
and social media influencers to provide reliable, timely, and accurate
advice.%®

12 | CONCLUSION

In summary, both SARS-CoV-2 infection and Covid-19 vaccines may
trigger thromboembolic events, with the first one posing more sig-
nificant risks of thrombotic events. Thus, these events must be taken
seriously, and the appropriate laboratory assays and imaging mo-
dalities should be utilised to confirm the diagnosis. If confirmed, IVIG,
high-dose corticosteroids, and anticoagulants should be administered
to decrease VITT's risk of morbidity and mortality. Nevertheless, it is
vital to mention that although such catastrophic adverse events may
happen following the Covid-19 vaccination, they should not prevent

people from being vaccinated.
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