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The COVIVAX study assessed the association between COVID-19 vaccination and the risk of common
neurological disorders in a multicenter case-control design. Vaccination exposure was compared
between individuals with a first diagnosis of a neurological disorder (cases) and age- and sex-matched
controls. A total of 624 participants were enrolled, and after random 1:1 matching 265 cases and

265 matched controls (total 530 participants) were included in the analyses. The most frequent
neurological diagnosis in cases were stroke (60.4%), multiple sclerosis (11.3%) and seizures (6.4%).
The proportion of vaccinated participants was 72.1% among cases and 79.6% among controls. A
protective role of vaccination on the risk of developing a new neurological disorder was detected in
the unadjusted analysis (OR 0.50; 95% Cl 0.29-0.86; p=0.0114). After adjustment for confounders,
the number of vaccination doses received was associated with a reduced risk of developing new
neurological disorders for participants aged over 60 years (p=0.0472; OR 0.14, 95% Cl 0.03-0.68),
with pre-existing comorbidities (p=0.0122; OR 0.04, 95% CI 0.01-0.99) and for stroke (p=0.0232; OR
0.04, 95% C1 0.02-0.97). The COVIVAX study provided no warning sign regarding an increase in the
risk of developing new neurological disorders following COVID-19 vaccination of any type or doses. A
potentially protective effect of multiple doses of COVID-19 vaccines against the risk of stroke in people
aged over 60 needs to be confirmed by further studies.
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A number of neurological symptoms, signs and diseases have been reported during the acute and post-acute
phase of COVID-19 infection'~!!. Some minor symptoms, such as headache or myalgia, could be interpreted as
part of the general symptoms of the viral infection. However, more serious neurological conditions, such as acute
ischemic stroke, Guillain-Barré syndrome or seizures, have been associated to either thrombo-inflammation or

Dipartimento di Neuroscienze, Istituto di Ricerche Farmacologiche Mario Negri IRCCS, Milan, Italy. 2Department of
Medicine and Surgery, University of Milano-Bicocca, Milan, Italy. >Department of Neurology, Fondazione IRCCS San
Gerardo dei Tintori, Monza, Italy. “Dipartimento di Neuroscienze, Organi di Senso e Torace, Fondazione Policlinico
Universitario Agostino Gemelli IRCCS, Rome, Italy. *Dipartimento di Neuroscienze, Universita Cattolica del Sacro
Cuore, Rome, ltaly. ®Spedali civili di Brescia, Brescia, Italy. "Division of Neurology, Department of Advanced
Medical and Surgical Sciences (DAMSS), University of Campania “Luigi Vanvitelli”, Naples, Italy. 8Neurosciences
Department, ASST Lecco, Lecco, Italy. °SOC Neurologia Ospedale S. Stefano Prato Azienda USL Toscana Centro,
Prato, Italy. 1°Department of Neurology and Stroke Center, IRCCS Istituto delle Scienze Neurologiche di Bologna,
Maggiore Hospital, Bologna, Italy. 1'Department of Neurology, Fondazione IRCCS San Gerardo dei Tintori Monza
University of Milano Bicocca, Via Pergolesi, 33, Monza 20900, Ml Italy. 2Ettore Beghi: Author deceased on October
2022. email: simone.beretta@unimib.it

Scientific Reports | (2025) 15:4179 | https://doi.org/10.1038/s41598-025-88837-0 nature portfolio


http://orcid.org/0000-0002-9417-2748
http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-88837-0&domain=pdf&date_stamp=2025-5-22

www.nature.com/scientificreports/

immune-mediated mechanisms caused by the host response to the virus, rather than by direct viral injury to the
central nervous system!2-1°,

The rapid development and widespread use of COVID-19 vaccines represented a remarkable, and
unprecedented, turning point of this viral pandemic, at a global level. The vaccination campaigns, performed
over less than 1 year in 2021 in many developed countries, largely prevented death and morbidity associated with
COVID-19 infection!'®'. Safety of COVID-19 vaccines have been carefully evaluated during clinical trials and
post-marketing surveillance!®. In particular, the specific risk of vaccine-associated neurological disorders have
been assessed in self-controlled studies and appeared to be low'®. However, a dedicated case-control study on the
casual association between neurological disorders and exposure to COVID-19 vaccines is lacking.

The aim of the COVIVAX study was to investigate the relative risk of developing common neurological
disorders in participants exposed versus those not exposed to COVID-19 vaccines, using a multicentre, case-
control design.

Results

Study population

A total of 303 cases and 321 controls were included in the study, and among them 265 pairs were randomly
matched by age and sex. The median time from first dose of COVID vaccination and diagnosis was 3.5 months
(IQR 2.0-5.8 months, range 1.0-11.4 months). The main clinical characteristics of the matched cases are shown
in Table 1. The most represented neurological disease was stroke (1= 160, 60.4%), followed by multiple sclerosis
(n=30, 11.3%) and epilepsy/seizures (n=17, 6.4%). The mean age at diagnosis was 64 years (interquartile
range (IQR) 50-74). The majority of cases (81%) were enrolled in hospital and 19% from outpatient services.
Demographics and comorbidities of cases and matched controls are shown in Table 2. Males were slightly
predominant (53%) in both groups and the median age at interview was 65 years (IQR 52-75). A significant
difference in years of education between cases and controls was observed, with cases showing less years of
education than matched controls. More than one half of the sample had at least one comorbidity in both groups.
The prevalent comorbidities were cardiovascular (42.6% of cases and 33.6% of controls), followed by metabolic
among cases (16.2%) and bone diseases among controls (11.3%).

Relative risk of neurological disorders in vaccinated and unvaccinated participants

At least one dose of any COVID-19 vaccine was received by 72.1% of cases and 79.6% of controls, with a
statistically significant reduction in the risk of developing neurological diseases in vaccinated participants,
compared to unvaccinated participants (OR 0.50; 95% CI 0.29-0.86, p=0.0114). However, the risk reduction

‘ n ‘ %

Diagnosis
Stroke 160 60.4
Multiple sclerosis 30 113
Epilepsy/seizure 17 6.4
Myelitis or non-traumatic myelopathy | 11 4.1
Parkinson disease or Parkinsonism 10 3.8
Other peripheral neuropathy 10 3.8
Guillain-Barré syndrome 9 3.4
Alzheimer disease or other dementia | 9 3.4
Motor neuron disease 3 1.1
Myopathy of unknown origin 2 0.7
Encephalitis/meningitis 2 0.7
Cerebral venous thrombosis 2 0.7

Median | IQR
Age at diagnosis 64 50-74

n %
Source of case
Hospital 214 80.8
Outpatient service 51 19.2
mRS at discharge
0 61 23.4
1 81 30.6
2 59 22.3
3 27 10.2
4 23 8.7
5 13 4.9

Table 1. Clinical characteristics of neurological cases. IQR interquartile range, mRS modified Rankin Scale.
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Controls

Cases (n=265) | (n=265)
Variable n % n % p-value
Sex
Female 124 46.8 124 46.8 1.0000
Male 141 53.2 141 53.2

Median | IQR Median | IQR
Age at interview 65 52-75 | 65 52-75 | 0.8767

n % n %
Education
Primary school (up to 8 years) 86 324 |52 19.6
High school (up to 13 years) 118 445 | 104 39.2

<0.0001

Degree 35 13.2 97 36.6
Unknown 26 9.8 12 4.5
Marital status
Single 47 17.7 34 12.8
Married / living with spouse or companion 162 61.1 172 64.9
Divorced 16 6.0 11 4.1 0.0916
Widowed 20 7.5 14 53
Unknown 20 7.5 34 12.8
Comorbidities
Any comorbidity 153 57.7 151 57.0 0.8606
Cardiac or vascular disorders 113 426 |89 33.6 |0.0318
Nervous system disorders (other than target) 17 6.4 14 53 0.5787
Respiratory disorders 10 3.8 12 4.5 0.6632
Gastrointestinal disorders 11 4.1 11 4.1 1.0000
Renal, urinary or reproductive system disorders | 22 8.3 16 6.0 0.3124
Immune system disorders 4 1.5 4 1.5 1.0000
Musculoskeletal and connective tissue disorders | 11 4.1 30 11.3 0.0020
Blood and lymphatic system disorders 6 2.3 2 0.7 0.2853
Endocrine disorders 21 7.9 18 6.8 0.6177
Metabolic and nutrition disorders 46 16.2 18 6.8 0.0007
Neoplasms 14 5.3 10 3.8 0.4034
mRS (before neurological condition, for cases)
0 224 84.5 199 75.1
1 29 10.9 57 21.5
2 9 3.4 7 2.6 0.0104
3 2 0.7 0 0
4 1 0.4 2 0.7

Table 2. Demographics and comorbidities in matched cases and controls. IQR interquartile range, mRS
modified Rankin Scale.

was not confirmed by multivariable analysis, after adjustment for comorbidities, education and exposure to
COVID-19 or flu infection (Table 3). When considering the number of vaccine doses a significant risk reduction
was observed with increasing number of doses: the risk reduction was not significant in participants receiving
only one dose (OR 0.68; 95% CI 0.35-1.30), while significant risk reductions were observed for 2 (OR 0.40; 95%
CI0.22-0.72) and 3 or more doses (0.18; 95% CI 0.06-0.52). This effect was also not confirmed by multivariable
analysis (Table 3). No significant effects were observed for vaccine type or exposure to COVID-19 or flu (Table 3).
In subgroup analyses, a significant effect of the number of doses of vaccine in reducing the risk of neurological
diseases were observed in participants aged over 60 years, in those with a diagnosis of stroke, in females and in
those with comorbidities (Table 4). The significance of this association was confirmed by multivariable analysis
only for participants aged over 60 ( p=0.0472; OR 0.14, 95% CI 0.03-0.68), with pre-existing comorbidities
(p=0.0122; OR 0.04, 95% CI 0.01-0.99) and with a diagnosis of stroke (p=0.0232; OR 0.04, 95% CI 0.02-0.97).

Initial severity and long-term neurological outcome of neurological disorders

No differences in the frequency of vaccination was found between cases who had a worst functional outcome at
diagnosis (mRS=2+) and those with less disability (mRS=0-1) (Supplemental Table S1). Cases with 12-month
follow-up were 274, among them 114 (41.6%) showed an improvement in the mRS score at follow-up as compared
to the time of discharge, 146 (53.3%) were stable and 14 (5.1%) worsened. A diagnosis of stroke was the most
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Cases Controls
(n=265) | (n=265)
Variable | n % n % OR 95%Cl | p Adj.OR* | 95%CI |p
At least one dose of any COVID-19 vaccine
No 74 279 |54 |204 1 (ref.) 1 (ref.)
0.0114 0.1343
Yes 191 | 72.1 | 211 | 79.6 | 0.50 0.29-0.86 0.63 0.35-1.15
Number of COVID-19 vaccine doses (any vaccine)
0 74 27.9 |53 20.0 1 (ref.) 1 (ref.)
1 48 18.1 | 39 14.7 | 0.68 0.35-1.30 0.77 0.37-1.58
0.0030 0.0862
2 129 | 48.7 | 149 | 56.2 | 0.40 0.22-0.72 0.54 0.28-1.03
3+ 14 5.3 24 | 9.1 0.18 0.06-0.52 0.23 0.07-0.79
At least one dose of BNT162b2
No 133 | 50.2 | 112 | 42.3 1 (ref.) 1 (ref.)
0.0456 0.4608
Yes 132 | 49.8 | 153 | 57.7 | 0.68 0.46-0.99 0.85 0.55-1.30
At least one dose of mRNA-1273
No 244 | 92.1 | 244 | 92.1 1 (ref.) 1 (ref.)
1.0000 0.6080
Yes 21 79 |21 7.9 1.00 0.55-1.83 0.82 0.39-1.72
At least one dose of ChAdOx1 nCoV-19
No 226 |85.3 | 225 | 849 1 (ref.) 1 (ref.)
0.8946 0.5204
Yes 39 14.7 | 40 15.1 | 0.96 0.57-1.62 0.82 0.46-1.48
At least one dose of Ad.26.COV2.S
No 258 | 97.4 | 257 | 97.0 1 (ref.) 1 (ref.)
0.7817 0.8695
Yes 7 26 |8 3.0 0.86 0.29-2.55 0.90 0.26-3.16
COVID-19 symptoms
No 226 | 85.3 | 227 | 85.7 1 (ref.) 1 (ref.)
0.9013 0.9296
Yes 39 14.7 | 38 14.3 1.03 0.63-1.68 0.97 0.55-1.74
Flu symptoms
No 263 | 99.2 | 265 | 100.0 | 1 (ref.) 1 (ref.) 0.9854
0.9868
Yes 2 08 |0 0.0 ne ne ne ne -

Table 3. Univariable and multivariable analysis of the risk of neurological diseases after exposure to
COVID-19 vaccines, COVID-19 symptoms or flu symptoms. OR odds ratio, CI confidence intervals, Adj.OR
adjusted odds ratio. *Models evaluating the exposure to COVID-19 vaccines were adjusted by comorbidity,
years of education, exposure to COVID-19 symptoms and flu symptoms; models evaluating the exposure to
COVID-19 symptoms were adjusted by comorbidity, years of education, exposure to flu symptoms, exposure
to at least one dose of COVID-19 vaccine; model evaluating the exposure to flu symptoms was adjusted by
comorbidity, years of education, exposure to COVID-19 symptoms, exposure to at least one dose of COVID-19
vaccine.

frequent among cases who improved or remained stable, followed by multiple sclerosis and epilepsy/seizures,
while among worsened cases the most represented were Parkinson’s disease/Parkinsonisms and motor neuron
diseases (Supplemental Table S2). No difference in the frequency of vaccination was found between cases who
improved, were stable or worsened in the entire sample, nor by specific neurological diagnosis (Supplemental
Table S3).

Discussion

The COVIVAX study investigated the association between exposure to COVID-19 vaccines and the risk
of common neurological disorders, using a case-control study design. The frequency of newly diagnosed
neurological disorders (approximately 60% stroke, 11% multiple sclerosis, 6% epilepsy) and vaccinated versus
unvaccinated participants (approximately 75% versus 25%) reflected the predominantly hospital-based
recruitment and the timing of the study conduction with regards to the COVID-19 vaccination campaign.

Our findings clearly indicate that exposure to COVID-19 vaccines, regardless of type or number of doses,
does not increase the risk of newly diagnosed common neurological disorders, in particular stroke, multiple
sclerosis and epilepsy. Conversely, our results suggested a potentially protective effect of COVID-19 vaccination
against stroke in persons aged over 60 and with comorbidities who received multiple doses of vaccine. This
finding should be interpreted with caution, given the limited sample size and the presence of confounding
factors such as differences in education levels and a higher prevalence of cardiovascular comorbidities among
cases. Despite these limitations, the multivariable analysis suggested a trend toward risk reduction in the overall
population, with a significant risk reduction observed in high-risk subgroups. Our findings align with recent
studies that demonstrate a reduction in overall cerebrovascular risk?’, hospitalization from stroke?! and cerebral
small vessel disease progression?? among individuals who received COVID-19 vaccination. Further research
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At least one dose of any COVID-19 vaccine

No 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
0.0735 0.7011 0.0735 0.1571
Yes 0.50 0.23-1.07 0.81 0.27-2.39 0.50 0.23-1.07 0.57 0.26-1.24
Number of COVID-19 vaccine doses (any vaccine)
0 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
1 0.66 0.26-1.69 0.84 0.22-3.16 0.62 0.24-1.55 0.68 0.26-1.76
0.2565 0.8879 0.0191 0.0472
2 0.43 0.19-0.99 0.80 0.26-2.50 0.38 0.17-0.88 0.44 0.19-1.04
3+ 0.38 0.08-1.74 0.35 0.03-4.70 0.11 0.02-0.49 0.14 0.03-0.68

At least one dose of any COVID-19 vaccine

No 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
0.0735 0.1984 0.0735 0.5624
Yes 0.50 0.23-1.07 0.58 0.26-1.33 0.50 0.23-1.07 0.76 0.31-1.90
Number of COVID-19 vaccine doses (any vaccine)
0 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
1 0.80 0.31-2.02 0.86 0.31-2.33 0.58 0.23-1.46 0.73 0.24-2.24
0.0361 0.1196 0.1199 0.7150
2 0.40 0.18-0.90 0.47 0.20-1.13 0.40 0.17-0.93 0.66 0.24-1.83
3+ 0.15 0.03-0.68 0.17 0.03-0.90 0.23 0.05-0.94 0.31 0.04-2.34

At least one dose of any COVID-19 vaccine

No 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
0.8186 0.3199 0.0131 0.0060
Yes 0.90 0.37-2.22 2.06 0.50-8.63 0.25 0.08-0.75 0.17 0.05-0.60

Number of COVID-19 vaccine doses (any vaccine)

0 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
1 120 |034-421 7.47 (7)?26 041 | 0.12-142 0.27 0.07-1.14
0.6779 : 0.2812 0.0263 0.0122
2 083 |031-227 171 0.38-7.62 021 | 0.07-0.64 0.13 0.03-0.49
34 036 | 0.06-2.25 1.09 e 010 | 0.01-0.72 0.04 0.01-0.99

At least one dose of any COVID-19 vaccine

No 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
0.0605 0.0648 0.4843 0.8271
Yes 0.50 0.24-1.03 0.43 0.18-1.05 0.60 0.14-2.51 0.77 0.84-7.12

Number of COVID-19 vaccine doses (any vaccine)

0 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
1 0.72 0.31-1.67 0.73 0.25-2.08 0.75 0.09-6.25 ne ne
0.0220 0.0232 0.9062 1.0000
2 0.32 0.14-0.73 0.27 0.10-0.74 0.56 0.12-2.59 1.00 0.10-9.61
3+ 0.24 0.06-0.95 0.14 0.02-0.97 ne ne ne ne

Table 4. Exposure to COVID-19 vaccines and risk of neurological diseases: univariable and multivariable
analysis by age, sex, comorbidities and selected neurological diagnosis. OR odds ratio, CI confidence intervals,
Adj.OR adjusted odds ratio. *Models evaluating the exposure to COVID-19 vaccines were adjusted by years of
education, comorbidities, exposure to COVID-19 symptoms and flu.

with larger cohorts is warranted to corroborate these findings and elucidate the underlying mechanisms driving
this protective effect.

No difference in disease-related disability at hospital discharge was observed between vaccinated and
unvaccinated participant, indicating no sign of increased disease severity associated with COVID-19 vaccination.
Moreover, over 90% of cases were followed for 12 months and the course of neurological disorders was not
different in either vaccinated or unvaccinated participants.

Scientific Reports | (2025) 15:4179 | https://doi.org/10.1038/s41598-025-88837-0 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Traditional case-controlled studies have the advantages of being more accurate for cumulative exposures
(e.g. multiple dose of vaccine) and disorders with increased mortality (e.g. stroke), compared to self-controlled
studies?. The results of two previous, large studies specifically focused on neurological safety of COVID-19
vaccines are available, both of them used a self-controlled study design, routinely collected or administrative
data as data sources and were mostly focused on immune-mediated neurological disorders. A first, self-
controlled study including over 30 million people who received only the first dose of ChAdOxInCoV-19 or
BNT162b2 estimated a slightly increased risk of Guillain-Barré syndrome (38 excess cases per 10 million people)
after receiving the ChAdOx1nCoV-19 vaccine and a possibly increased risk of hemorrhagic stroke (60 excess
cases per 10 million people; however, this magnitude was reduced in sensitivity analyses that accounted for fatal
events) after received the BNT162b2 vaccine®®. A second, self-controlled study including over 8 million people
who received at least one dose of COVID-19 vaccines (ChAdOx1 nCoV-19, BNT162b2, mRNA-1273, or Ad.26.
COV2.5) showed no higher than expected rates of immune-mediated neurological disorders, in particular Bell’s
palsy, encephalomyelitis, and Guillain-Barré syndrome?.

Our study has strengths and limitations. Cases were exclusively recruited by neurologists who were involved
in patient’s management. This neurologist-centered approach of patient ascertainment had the major advantage
of high standards of diagnostic accuracy and disease management, which was guaranteed by specialized medical
professionals, with direct consequences on disease definitions and data collection, compared to administrative
data. The current World Health Organization definition of adverse events following immunization (AEFI)
provides broad temporal criteria for neurological disorders, ranging from 1 week to 1 year, which is consistent
with the timing investigated in the COVIVAX study?®. Moreover, the cases recruited in the COVIVAX study
reflected the epidemiology of newly diagnosed common neurological disorders, such as stroke, multiple sclerosis
and epilepsy. Data from age- and sex-matched controls have not been collected by previous studies, thus the
COVIVAX study added methodological strength and novelty to the previous evidence available on this topic.

A major limitation was the limited sample size, which allowed us to estimate the attributable risk only
for common neurological disorders, such as stroke, multiple sclerosis or epilepsy. Other rarer neurological
conditions were under-represented in our study, in particular immune-mediated disorders such as Guillain-
Barre syndrome or encephalitis, and our results were not powered to make any inference about them. However,
this study was performed during the pandemic (year 2021), while the Italian health system was still considerably
under pressure. This led the Investigators to collect a limited number of cases and matched controls.

Another major limitation is that the study did not reach the pre-planned sample size of 410 cases and 410
controls, only 365 cases and 365 matched controls were recruited. However, the sample size calculation was
based on the assumption that only 40% of the controls would have been vaccinated, while 79.6% were actually
vaccinated, and also in the planning phase a risk increase was hypothesized while a risk reduction was then
observed. The results of the study should be interpreted in light of these limitations.

The COVIVAX study provided no warning sign regarding an increased risk of developing new neurological
disorders, in particular stroke and multiple sclerosis, following COVID-19 vaccination of any type or doses.

A potentially protective effect of multiple doses of COVID-19 vaccines against the risk of stroke in people
aged over 60 and with comorbidities was unexpected, needs to be confirmed by further studies and might affect
public health policies at a global level.

Methods

Study design

The COVIVAX study was a multicentre, observational case-control study performed in seven Neurology
departments (including inpatient and outpatient facilities) in Italy.

Eligible participants (cases) were consecutive individuals with a new diagnosis of one of the following
diseases: stroke, Alzheimer’s disease or other dementias, Parkinson’s disease or Parkinsonism, motor neuron
disease, epilepsy, multiple sclerosis, myelitis or non-traumatic myelopathy, Guillain Barré syndrome or other
peripheral neuropathies, myopathies of unknown origin, cerebral venous thrombosis. Participants in whom
the target neurological diseases are pre-existent, with unknown medical history or not giving informed consent
were excluded.

Controls were individuals not related to cases and with none of the target neurological diseases.

Cases and controls were then 1:1 randomly matched by age (+5 years) and by sex. Only matched cases and
controls were included in subsequent analyses.

Cases were considered exposed to COVID-19 vaccine if they received at least one dose before diagnosis.
The exposure to multiple doses was also evaluated considering only the period before diagnosis. Controls were
matched to cases at the time of the diagnosis of their matched case and exposures were evaluated before the date
of diagnosis of their matched case.

The primary outcome of the study was the relative risk of new neurological disorders in participants exposed
to COVID-19 vaccine (vaccinated) versus not exposed (unvaccinated) and was estimated as an odds ratio (OR).
Secondary outcomes included: (1) the relative risk of new neurological disorders in selected subpopulations (age
over 60, individuals with comorbidities) in vaccinated versus unvaccinated participants; (2) the relative risk of
selected neurological diseases (stroke, neurodegenerative diseases, immune-mediated diseases) in vaccinated
versus unvaccinated participants. (3) neurological disability, measured by the modified Rankin scale, at discharge
(dichotomized as 0-1 versus 2 or more) and at 12-month follow-up (assessed as improved, stable or worsened,
compared to discharge), in vaccinated versus unvaccinated cases.
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Ethics and data collection

The study protocol was approved by the Ethics Committee of Spallanzani Institute, Rome, which is responsible
for all clinical studies regarding COVID-19 vaccines in Italy. The study conforms with World Medical Association
Declaration of Helsinki. All participants gave written informed consent.

The study started on May 1st, 2021. Eligible cases were identified retrospectively among consecutive patients
admitted to the hospital or seen in the outpatient services of the participating centers from January to December
31st, 2021. Each recruiting site was asked to recruit controls, chosen among relatives and friends not hospitalized
of the corresponding cases. A subsequent follow-up of cases was performed after 12 months from the diagnosis
to evaluate disease progression. Participants (both cases and controls) were interviewed by a medical professional
qualified in the diagnosis and treatment of neurological diseases (either a Neurology Consultant or a Neurology
Resident) during an outpatient visit or a phone call. The interview aimed to collect demographic and clinical
variables, including data on exposure to COVID-19.

Comorbidities were classified according to a selection of the MedDRA organ/system categories, as follows:
cardiac or vascular disorders, nervous system disorders (other than target), respiratory disorders, gastrointestinal
disorders, renal, urinary or reproductive system disorders, immune system disorders, musculoskeletal and
connective tissue disorders, blood and lymphatic system disorders, endocrine disorders, metabolic and nutrition
disorders, neoplasms?’.

COVID-19 symptoms were defined as a clinical diagnosis of COVID by any physician, based on COVID
symptoms of any severity and a positive antigenic or molecular COVID test.

Flu symptoms were defined as a clinical diagnosis of flu by any physician, based on typical flu symptoms and
a negative antigenic or molecular COVID test.

The structure of the interview was the same for cases and controls (see Supplementary Material).

An electronic case-report form (e-CRF) was prepared using a centralized password protected database
Guideline FDA, cfr21 paragraph 11 Compliant, performed by Advice Pharma Group S.r.1.

Statistical analysis

Descriptive statistics were performed in cases with neurological diseases and matched controls on all
demographic and clinical variables. Categorical variables were reported as frequencies with percentage, while
numerical variables as medians with interquartile range. Cases and matched controls were compared using
the Chi-square or the Fisher’s exact test for categorical variables, and the Wilcoxon-Mann-Whitney test for
numerical variables. The association between vaccine and neurological diseases was evaluated with univariable
and multivariable conditional logistic regression models with the group (case or control) as dependent variable
and vaccine as independent variable. Multivariable models were adjusted for variables that were considered as
potential confounders: education, comorbidities, history of COVID-19, history of flu. Different models were used
to assess the effect of different vaccine doses and vaccine types on the risk of developing neurological diseases,
considering the following as independent variables: at least one dose of any COVID-19 vaccine (yes, no); number
of COVID-19 vaccine doses (0, 1,2, 3+); at least one dose of BNT162b2 (Pfizer/BioNTech’) (yes, no); at least one
dose of mRNA-1273 (Moderna’) (yes, no); at least one dose of ChAdOx1 nCoV-19 (AstraZeneca') (yes, no); at
least one dose of Ad.26.COV2.S (Janssen) (yes, no). The effect of COVID-19 symptoms and flu symptoms on the
risk of developing neurological diseases were also assessed in univariable and multivariable conditional logistic
regression models. Results were reported as Odds Ratios (OR) and adjusted Odds Ratios (adj. OR) with 95%
Confidence Intervals (95% CI). Analyses evaluating the effect of having received at least one dose of any vaccine,
the number of doses and the exposure to COVID-19 were also evaluated in subgroups defined according to age
(=60 years, > 60 years), sex, presence of any pre-existing comorbidity (no comorbidities, at least 1 comorbidity),
neurological disease (only diseases with at least 15 cases identified).

The risk of developing neurological diseases with higher levels of functional disability was assessed in
cases by comparing counts and percentages of vaccinated and unvaccinated between those with mRS=0-1
versus mRS =2+ using the Chi-square or the Fisher’s exact test. Additional analyses were conducted including
only cases with an available follow-up at 12 months after the diagnosis of their neurological condition. Cases
were classified as improved, stable or worsened according to their modified Rankin Scale (mRS) score at the
12-month follow-up compared to the score at discharge: improved were those with an mRS score at 12 months
that was lower than the score at discharge; stable were those with mRS score at 12 months that was equal to the
score at discharge; worsened were those with a score at 12 months that was higher than the score at discharge.
Descriptive statistics were reported separately in improved, stable and worsened cases and the three groups were
compared with the chi-square or the Fisher’s exact test for categorical variables and the Kruskal-Wallis test for
numerical variables. The count and percentage of cases who received at least one dose of COVID-19 vaccine by
functional status (improved, stable, worsened) at the 12-month follow-up were reported in the entire sample of
cases with 12-month follow-up available and separately by each neurological diagnosis.

All analyses were conducted using the SAS software, version 9.4 (SAS Institute, Cary, NC, USA). Significance
level was set at 5% (p=0.05). No missing data were reported for variables that were included in the analyses.

Sample size calculation

Assuming that by the end of the study about 75% of the Italian population would have been vaccinated, starting
from a 10% at the beginning of the study, with an 8% absolute increase per month, the mean expected proportion
of vaccinated participants over the entire study period among the controls was estimated to be about 40%. In
order to detect an odds ratio of 1.5 (proportion of vaccinated among cases about 50%) with 80% power and a 5%
level of significance, a total of 410 cases and 410 controls was estimated to be required.
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Data availability

Investigators may request access to anonymized individual patient data and trial documents including raw da-
tasets, analysis-ready datasets, trial protocols, annotated case report form, statistical analysis plan and dataset
specifications by contacting the corresponding author. Prior to use of the data, proposals need to be approved by
the COVIVAX Steering Committee and a signed data sharing agreement will then be approved.
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