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Abstract
The Bradford-Hill criteria are accepted criteria for assessing causality of an association. Here, the criteria were applied to the association between the CHADOX1 NCOV-19 vaccine and vaccine induced thrombotic immune thrombocytopenia (VITT). All criteria for causation are met, with consistency, specificity, temporality and biological plausibility being very clearly met. Strength of association is met, but more data are required to establish the precise estimate of the association, as case ascertainment may be variable between countries, resulting in varied estimates of incidence rates from 25 to 0.5 per 100,000. (2, 4) The application of the modified Bradford-Hill criteria to VITT following CHADOX1 NCOV- vaccine strongly supports a causal relationship.
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An association between the CHADOX1 NCOV-19 vaccine and prothrombotic immune thrombocytopenia has been reported from several countries, at reported rates ranging from 1/25,000 to 1/600,000 (1, 2). The European Medicine Agency (EMA) concluded that there is a signal for disseminated intravascular coagulation, cerebral venous sinus thrombosis (CVST) and haemorrhagic stroke following CHADOX1 NCOV-19 vaccine (3). The EMA concluded on 7 April 2021 that the association was likely, with a rate of about 1/200,000 doses (4). 
    The thrombocytopenia and thrombosis syndrome is distinct from common clotting disorders such as deep venous thrombosis or pulmonary embolism, and includes the combination of thrombocytopenia and thrombosis in unusual sites, such as CVST, splanchnic vein thrombosis and arterial thrombosis (5, 6). It appears to be an immune-mediated phenomenon, starting at 4-14 days but up to as long as 20 days after vaccination, and is more common in females and adults under the age of 60 years. The syndrome is similar to heparin-induced thrombocytopenia (HIT) or heparin-induced thrombocytopenia with thrombosis (HITT), but occurs without the use of heparin (3). It is important to ascertain causation for the association, not just for vaccine safety, but for patient safety in the event of thrombosis. Heparin, which would normally be given to patients presenting with thrombosis, is contraindicated. The syndrome is more serious and more likely to be fatal than common thrombosis, and has been termed vaccine-induced thrombotic thrombocytopaenia (VITT) (5, 6). Whilst the EMA concluded an association between CHADOX1 NCOV-19 vaccine and VITT was likely (4), they did not report any assessment of causation using formal criteria.
    The Bradford-Hill criteria are an accepted method for assessing causation (7). The World Health Organization (WHO) suggests a set of modified Bradford-Hill criteria for assessing causality of adverse events following immunisation (Box 1) (8). Here, I demonstrate the application of the modified Bradford-Hill criteria to assess the association between CHADOX1 NCOV-19 vaccine and VITT.  







 
















Box 1. Modified Bradford Hill Criteria for adverse events following immunization {(WHO)., 2001 #1663}
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Consistency
    The syndrome has been reported independently in at least seven countries including Germany, Norway and the United Kingdom (2, 3). The consistency of reports has prompted the European Medicines Agency to review the association and conclude there is a signal for a HIT or HITT-like syndrome (3).  

Strength of the association
    The rate of general thrombotic disorders does not appear increased in people who are vaccinated (3). However, the rate of HITT-like syndrome appears increased. The rate of CVST reported from Germany was 31 from 2.7 million vaccinations, which is a rate of 11.5 per million, compared to a reported general community incidence of 3 to 5 per million (9, 10). CVST appears to be 2.2 to 3.8 times higher than the reported community incidence. More data are needed to determine the overall risk of HITT-like syndrome following vaccination with greater certainty. However, the EMA concluded the association is real, with 62 cases of CVST and 24 of splanchnic vein thrombosis in Europe following 25 million vaccinations.

Specificity
    The syndrome itself is specific, associated with thrombocytopenia and thrombosis, in many cases with antibodies to platelet factor 4 (PF4), which is also seen in HITT (11). This has not been seen following other COVID-19 vaccines in common use, the mRNA vaccines (12). Very specific manifestations of VITT are CVST and splanchnic vein thrombosis with a high case fatality rate (5, 6). 

Temporal relationship
     Reports of the syndrome show a clear temporal relationship within 4 to 20 days after vaccination, most commonly within 14 days (2, 11). This has been observed across different case series (5, 6). 








Biological plausibility
    Two possible mechanisms of action are through the adenoviral vector, or through the expression of SARS-COV-2 spike protein. The European Medicines Agency concluded that the construct used in the CHADOX1 NCOV-19 vaccine encoding for the spike protein is less likely to impact on thrombosis than the viral vector (3). The adenovirus 5 vector (Ad 5) is associated with thrombocytopenia in animals and humans, increased von Willebrand factor antigen, as well as activation of platelets and the coagulation cascade (3, 13-15). Studies of Ad 5 suggests a biologically plausible mechanism for thrombocytopenia and thrombosis (13). The CHADOX1 NCOV-19 vaccine uses a chimpanzee adenovirus (ChAdOx1). A ChAd vector was used in an Ebola vaccine ChAd3-EBO-Z – phase 1 and 2 trials showed a transient thrombocytopenia in some vaccinated subjects (16-18). It is postulated that the ChAdOx1 virus may bind directly to platelets or to PF4 (11). However, the dose of adenovirus in the vaccine is very small, and an alternative hypothesis is that free DNA in the vaccine may form multimolecular complexes with PF4 (5), which can bind to antibodies from patients with HITT and also induce antibodies against PF4–heparin in a mouse model (19). A study comparing the immunogenic epitopes of PF4 and SARS-CoV-2 spike protein found that it is unlikely that the immune response to the spike protein induces VITT (20).

Conclusion
    In summary, all criteria for causation are met, with consistency, specificity, temporality and biological plausibility being very clearly met. Strength of association is met, but more data required to establish the precise estimate of the association, as case ascertainment may be variable between countries, resulting in varied estimates of incidence rates from 25 to 0.5 per 100,000 (2, 4). The application of the modified Bradford-Hill criteria to VITT following CHADOX1 NCOV- vaccine strongly supports a causal relationship. 
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Consistency. The association of a purported adverse event with the administration of a vaccine should
be consistent, i.e. the findings should be replicable in different localities, by different investigators not
unduly influencing one another, and by different methods of investigation, all leading to the same
conclusion(s).
Strength of the association. The association should be strong in the magnitude of the association (in an
epidemiological sense), and in the dose-response relationship of the vaccine with the adverse effect.
Specificity. The association should be distinctive, the adverse event should be linked uniquely or
specifically with the vaccine concerned, rather than its occurring frequently, spontaneously or commonly
in association with other external stimuli or conditions.
Temporal relation. There should be a clear temporal relationship between the vaccine and the adverse
event, in that receipt of the vaccine should precede the earliest manifestation of the event or a clear
exacerbation of an ongoing condition. For example, an anaphylactic reaction seconds or minutes
following immunization would be strongly suggestive of causality; such a reaction several weeks after
vaccination would be less plausible evidence of a causal relation.

e Biological plausibility. The association should be coherent; that is, plausible and explicable

biologically according to known facts in the natural history and biology of the disease.
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