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ABSTRACT

Despite widespread coronavirus disease 2019 (COVID-19) vaccine use, research on the
association between vaccines and cerebrovascular venous sinus thrombosis (CVST) in diverse
populations is limited. This study aimed to address this gap. Data from the World Health
Organization pharmacovigilance database (1968-2024; total reports = 8,909,484) were used.
Reporting odds ratios (RORs) and information components (ICs) were calculated to assess
the association between each drug and CVST. In total, 851 cases were identified as vaccine-
associated CVST, of which 527 (61.93%) occurred in female patients. Only Ad5-vectored
COVID-19 vaccines had the highest ROR and IC value with CVST (ROR, 4.78; 95% confidence
interval, 4.34-5.28; IC, 2.15). The risk of CVST increased with age, with the 45-64-years

age group having an IC of1.35, while the 65 years and older group had a higher IC of 2.08.
The findings highlight the need for clinicians to recognize the potential risks of CVST and
prioritize rigorous monitoring and research to ensure patient safety.

Keywords: Cerebrovascular Venous Sinus Thrombosis; VigiBase; Epidemiology,
Pharmacovigilance

Over the past century, vaccination programs have significantly reduced numerous life-
threatening diseases, substantially improving global health outcomes.1 This was especially
evident during the coronavirus disease 2019 (COVID-19) pandemic, during which the rapid
development of vaccines was crucial in controlling the spread.2 However, while the benefits
of vaccines are clear, it remains essential to continuously monitor potential adverse events
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to ensure vaccine safety. One rare but serious complication, particularly associated with
COVID-19 vaccines, is cerebrovascular venous sinus thrombosis (CVST).3 Despite its low
incidence, the severity of CVST has raised concerns regarding vaccine safety in various
populations. However, most studies have used regional datasets, limiting the generalizability
of findings across different populations and healthcare systems.45 Therefore, this study aims
to analyze vaccine-associated CVST, specifically focusing on COVID-19 vaccines, using the
large-scale global dataset from the World Health Organization (WHO).

VigiBase, the world’s largest repository of individual case safety reports, is managed by the
Uppsala Monitoring Centre (UMC) as part of the WHO Programme for International Drug
Monitoring.® Established in 1968, VigiBase holds over 140 million reports of adverse drug
reactions from over 170 countries. All CVST reports were reviewed, and vaccines with either no
reported cases or an insufficient number of observations were consolidated into the “others”
category to ensure statistical robustness and adequately represent underreported vaccines.
Finally, data on vaccine-associated CVST were collected from 1968 to 2024 and classified into

8 groups: 1) diphtheria, tetanus toxoids, pertussis, polio, and Hemophilus influenza type b; 2)
pneumococcal; 3) influenza; 4) papillomavirus; 5) COVID-19 mRNA; 6) Ad5-vectored COVID-19;
7) inactivated COVID-19 vaccines; and 8) others (anthrax, brucellosis, cholera, dengue virus,
Ebola, encephalitis, enterovirus 7, hepatitis A, hepatitis B, leptospirosis, meningococcal,
measles, mumps, rubella, monkeypox, plague, respiratory syncytial virus, rotavirus diarrhea,
smallpox, tuberculosis, typhoid, yellow fever, and zoster vaccines). Adverse events were
systematically deduplicated on a global scale using preferred terms from version 26.0 of the
Medical Dictionary for Regulatory Activities (Supplementary Tables 1 and 2).7 Additionally,
key covariates, such as patient demographics (including age, sex, and region), characteristics
of adverse events (reporting period, time to onset, and clinical outcome), and detailed vaccine
information, were meticulously documented to facilitate a comprehensive analysis. All cases
with unknown baseline characteristic values were excluded to minimize potential bias.

This study identified an association between different vaccines and the risk of CVST through
disproportionality analysis, using two key measures: information component (IC) and
reporting odds ratio (ROR).8:9 A statistically significant association is observed when the
lower limit of the 95% confidence interval (CI) for the IC (IC, s > 0.00) is positive, and both
the ROR and its lower CI are greater than 1.00.10 A two-sided Pvalue < 0.05 was considered
statistically significant. Additionally, we considered the results significant only when both
analyses, with and without the exclusion of unknown values, demonstrated statistical
significance. All analyses were performed using SAS (version 9.4; SAS Inc., Cary, NC, USA).

Initially, 4,258 cases of vaccine-associated CVST were identified. However, after excluding
cases with unknown values, 851 vaccine-associated CVST cases were identified from

9,439 reports of all-cause CVST, of which 527 (61.93%) were reported in female patients
(Supplementary Table 3). Among them, most of the cases were reported in Europe, followed
by the Western Pacific region (Fig. 1). The majority of cases were reported in the working-age
group (18-64 years; 81.19%) rather than youth (0-17 years; 2.12%). The number of reported
cases remained low until 2020; however, it increased markedly in subsequent years (Fig. 2).
After the introduction of COVID-19 vaccines in 2021, most reported cases of vaccine-
associated CVST were linked to these vaccines (98.00%).

However, as presented in Table 1, the analysis of vaccine-associated CVST showed a
significant association only with Ad5-vectored COVID-19 vaccines, with an ROR of 4.78
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(95% CI, 4.34-5.28) and an IC value 0f 2.15 (IC, 15, 1.99). Interestingly, no association with
CVST was observed for other vaccine types. However, COVID-19 mRNA vaccines showed a
significant ROR 0f1.13 (95% CI, 1.02-1.25), whereas the IC value did not indicate a significant
association, with an estimate of 0.17 (IC, 55, —0.01).

Moreover, although no deaths were reported, more than half of the vaccine-associated CVST
cases (53.12%) resulted in nonrecovery or fatal outcomes (Supplementary Table 4). Among
the reported cases, fatal outcomes were observed exclusively in individuals who received
COVID-19 mRNA or Ad5-vectored COVID-19 vaccines, with the latter showing a significantly
higher rate of fatal outcomes (30.4%) than the former (4.6%).

In our analysis, vaccine-associated CVST cases were significantly associated with Ad5-vectored
COVID-19 vaccines. These findings may be explained by vaccine-induced immune thrombotic
thrombocytopenia. This mechanism is well-known in adenoviral vector-based vaccines and
aligns with our finding of the highest fatality rate in Ad5-vectored vaccine cases.11

A W Cerebrovascular venous and sinus thrombosis reporting for all drugs (n = 9,439)
W Cerebrovascular venous and sinus thrombosis reporting for vaccines (n = 851)
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Fig. 1. Trends and global distribution of vaccine-associated cerebrovascular venous and sinus thrombosis.

Temporal trends (A) and global distribution (B) of vaccine-associated cerebrovascular venous and sinus
thrombosis adverse events by continent.
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Fig. 2. Cumulative number of reports of cerebrovascular venous and sinus thrombosis adverse events per year in association with different vaccines. Temporal
cumulative reports of vaccine-associated cerebrovascular venous and sinus thrombosis for overall vaccines (A) and COVID-19 vaccines (B), along with their
distribution (C).

DTaP-1PV-Hib = diphtheria, tetanus toxoids, pertussis, polio, and Hemophilus influenza type b, COVID-19 = coronavirus disease 2019.

20thers: anthrax, brucellosis, cholera, dengue virus, Ebola, encephalitis, enterovirus 7, hepatitis A, hepatitis B, leptospirosis, meningococcal, measles, mumps,
rubella, monkeypox, plague, respiratory syncytial virus, rotavirus diarrhea, smallpox, tuberculosis, typhoid, yellow fever, zoster vaccines.

This immune response induces a prothrombotic state in the cerebral venous sinuses,
resulting in thrombocytopenia and promoting clot formation. Furthermore, individuals
aged 45 years and older are already at an elevated risk of thrombosis due to endothelial
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Table 1. Analysis of subgroups in vaccine-associated cerebrovascular venous and sinus thrombosis adverse events disproportionality

Variables Total Vaccine-associated cerebrovascular IC (1C,.95) based on age, yr
venous and sinus thrombosis
Observed ROR (95% CI) IC (1Cq.95) 0-11 12-17 18-44 45-64 > 65
Total 4,904,964 851  1.41(1.31-1.51) 0.46(0.34) -3.80(-5.22) -2.37(-3.35) 0.08(-0.08) 1.35(1.16) 2.08(1.80)
Sex difference
Male 1,933,895 324  1.87(1.66-2.10) 0.82(0.63) -6.84(-17.17) -1.58(-3.14) 0.86(0.58) 1.70(1.40) 2.15(1.72)
Female 9,970,369 527  1.24(1.13-1.35) 0.28(0.14) -2.34(-3.76) -2.75(-4.05) -0.19(-0.39) 1.13(0.87) 2.01(1.65)
Vaccine types
DTaP-IPV-Hib vaccines 710,623 1 0.01(0.00-0.08) -5.91(-9.69) N/A N/A -92.99 (-6.77) N/A N/A
Pneumococcal vaccines 207,988 2  0.08(0.02-0.30) -3.42(-6.01) -2.63(-6.41) N/A -1.14 (-4.93) N/A N/A
Influenza vaccines 294,911 6  0.16(0.07-0.36) -2.53 (-3.95) N/A N/A -92.52 (-4.59) N/A -0.08 (-2.15)
Papillomavirus vaccines 104,691 4 0.30(0.11-0.81) -1.61(-3.37) N/A -3.44 (-7.22) -0.86 (-2.92) N/A N/A
COVID-19 mRNA vaccines 2,098,107 392  1.13(1.02-1.25) 0.17(-0.01) -0.42(-3.02) -0.89(-1.91) -0.15(-0.39) 0.66(0.34) 1.92(1.55)
Ad5-vectored COVID-19 583,806 434  4.78(4.34-5.28) 2.15(1.99)  1.25(-2.53) N/A 1.38(1.14) 3.13(2.88) 3.84(3.41)
vaccines
Inactivated whole virus 138,761 8  0.35(0.17-0.69) -1.47 (-2.69) N/A N/A ~1.86 (-3.42) -0.37 (-2.44) N/A
vaccines
Others? 766,077 4 0.04(0.02-0.11) -4.43(-6.20) -3.63(-6.22) N/A -3.79(-6.39) N/A N/A

Bold style indicates when the value of IC, s is greater than 0.00 or the lower end of the ROR 95% Cl is greater than 1.00. This means it is statistically significant.
Numbers in bold indicate a statistical significance.

ROR = reporting odds ratio, Cl = confidence interval, IC = information component, DTaP-IPV-Hib = diphtheria, tetanus toxoids, pertussis, polio, and Hemophilus
influenza type b, N/A = not available, COVID-19 = coronavirus disease 2019.

20thers: anthrax, brucellosis, cholera, dengue virus, Ebola, encephalitis, enterovirus 7, hepatitis A, hepatitis B, leptospirosis, meningococcal, measles, mumps,
rubella, monkeypox, plague, respiratory syncytial virus, rotavirus diarrhea, smallpox, tuberculosis, typhoid, yellow fever, zoster vaccines.

dysfunction, heightened inflammatory responses, and various underlying conditions.12
Vaccination may interact with these pre-existing factors, potentially increasing the risk of
thrombotic events, which is consistent with and supports our findings.

Additionally, our findings align with restrictions placed on certain vaccines, particularly
viral vector-based COVID-19 vaccines, owing to significant adverse events such as CVST.13
Furthermore, the observed increase in CVST reports since 2020 cannot be attributed solely
to COVID-19 vaccines, as it may also reflect enhanced pharmacovigilance efforts during the
pandemic. Given these findings, careful administration of COVID-19 vaccines, particularly
Ad5-vectored vaccines, is crucial, because CVST is a rare but serious condition. Furthermore,
the importance of robust pharmacovigilance systems for monitoring and managing adverse
CVST events has been strongly emphasized.4

However, this study has several limitations. First, VigiBase relies on spontaneous reporting,
which may result in under- or over-reporting and reporting bias in case details. This

is particularly evident in regions such as Africa, where adverse vaccine events may go
unreported owing to limited access to medical services and lack of follow-up, resulting in
lower reporting rates and potential gaps in epidemiological assessments. Furthermore, some
time-to-onset values are reported in years, whereas others are reported in days, which may
lead to potential misinterpretation. Second, owing to the observational nature of the data,
establishing a direct causal link between vaccines and CVST is challenging. Therefore, these
findings should be approached with caution and understood as statistical associations rather
than as evidence of causation. Lastly, the two indicators used in this analysis, IC and ROR,
can demonstrate the association between specific vaccines and their adverse events, but do
not provide a measure of relative risk among different vaccine types.

Despite its limitations and the need for cautious interpretation, VigiBase offers valuable
real-world, large-scale insights into vaccine-associated CVST across diverse populations.
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Its extensive dataset encompasses many patient demographics and clinical scenarios,
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including sex, ethnicity, and geographical region. This comprehensive coverage enables the
identification of rare adverse events that may not be apparent in smaller, localized studies.15

Our study highlights a significant association between Ad5-vectored COVID-19 vaccines and
CVST. Given the observed increase in CVST cases, it is imperative that clinicians acknowledge
the potential risks of CVST associated with the administration of these vaccines. Additionally,
rigorous monitoring and ongoing research into potential adverse reactions are essential to
ensure patient safety.
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