'.) Check for updates

Received: 22 August 2023 | Accepted: 12 December 2023

DOI: 10.1111/ene.16191

SHORT COMMUNICATION

european journal
of neurology
e

the official journal of the european academy of neurology

Increased risk of functional neurological disorders following
SARS-CoV-2 vaccination

Andrea Pilotto!?°

| Marcello Catania®® | Irene Mattioli® | Nicola Zoppil® |

Giulia Ceccardi®® | Renata Rao! | Stefano Gipponi® | Mauro Magoni* |

Massimo Gamba® | Alessandro Padovani

INeurology Unit, Department of
Continuity of Care and Frailty, ASST
Spedali Civili Brescia Hospital, Brescia,
Italy

2| aboratory of Digital Neurology and

Biosensors, University of Brescia, Brescia,

Italy

3Neuro|ogy Unit, Department of Clinical
and Experimental Sciences, University of
Brescia, Brescia, Italy

“4Stroke Unit, ASST Spedali Civili of
Brescia, Brescia, Italy

°Brain Health Center, University of
Brescia, Brescia, Italy

Correspondence

Andrea Pilotto, Neurology Unit,
Department of Clinical and Experimental
Sciences, P. le Spedali Civili 1, 25123
Brescia, Italy.

Email: pilottoandreae@gmail.com

INTRODUCTION

During the last year, SARS-CoV-2 vaccination distribution has rap-
idly increased across the globe, such that between 60% and 65%
of the world population and 75% of Europeans were fully vacci-

nated in 2023 (https://vaccinetracker.ecdc.europa.eu). Transient

+1,2,3,5

Abstract

Background and purpose: The purpose of this study was to evaluate the possible cor-
relation between SARS-CoV-2 vaccines and the onset of neurological syndromes. The
aim was to challenge the association between SARS-CoV-2 vaccinations and the onset
of acute functional neurological disorders (FNDs) compared to other neurological syn-
dromes in hospitalized patients.

Methods: In this prospective cohort study, all adult inpatients consecutively admitted to
a tertiary neurological centre were included. The prevalence and characteristics of neuro-
logical syndromes were compared between unvaccinated and vaccinated cases stratified
according to the onset from vaccination. The study involved 843 subjects, namely 411
unvaccinated (UVC) and 432 vaccinated cases; these groups were comparable for demo-
graphics and clinical diagnosis distribution.

Results: Compared to UVC, subjects hospitalized within the first 30days from vaccine
exhibited higher prevalence of FNDs (12.3% vs. 3.6%; odds ratio 4.2, 95% confidence
interval 1.6-11.1) and headache (10.8% vs. 5%; odds ratio 4.1, 95% confidence inter-
val 1.9-8.8) but no other neurological syndromes. The FND cases following vaccinations
showed similar premorbid conditions and severity but a higher percentage of sensory
symptoms and pain compared to UVC FND cases.

Conclusions: SARS-CoV-2 vaccination is associated with a significant short-term increased

risk of FND and headache requiring hospitalization in an acute neurological setting.

KEYWORDS
acute neurology, medical unexplained symptoms, functional neurological disorders, SARS-CoV-2
vaccination

influenza-like symptoms such as headache, myalgia and fatigue have
been reported in up to 5% of SARS-CoV-2 vaccine cases, whereas
psychiatric and neurological (such as cerebral venous sinus throm-
bosis) complications appeared to be rare, as confirmed by clinical
trials and active surveillance [1-4]. The media and medical atten-

tion have focused on potential neurological side effects eliciting a
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somatic hypervigilance for specific symptoms in some individuals,
probably contributing to an increased risk of functional neurological
disorders (FNDs) instead of organic neurological syndromes [3-6].
Indeed, FNDs have been reported in response to previous vaccina-
tion campaigns, and a few case reports precipitated by SARS-CoV-2
have also been reported [7, 8].

In this large prospective study, neurological patients admitted to
a tertiary hub were consecutively investigated and unvaccinated and
vaccinated subjects were contrasted to evaluate the specific risk of

neurological syndromes and FNDs associated with vaccination.

METHODS

The study included all neurological adult inpatients admitted at the
Neurology Unit of the ASST Spedali Civili Hospital, Brescia, from
January 2021 to January 2022. All subjects were assessed with an
extensive medical and neurological evaluation. Each patient under-
went a routine standard medical and neurological evaluation and a
routine blood analysis. Acute SARS-CoV-2 infection was excluded by
reverse transcription polymerase chain reaction in nasopharyngeal/
oropharyngeal swabs or bronchoalveolar lavage.

All data were imputed by physicians of the Neurology
Department and checked by four independent raters (AP, MC, NZ,
AP) [9]. This study received approval from the ethical standards
committee on human experimentation (local ethics committee of
the ASST Spedali Civili Hospital, Brescia, NP 4067, approved in its
last version on 10 December 2020). Epidemiological, demograph-
ical, clinical and outcome data were extracted from both printed
and electronic medical records using standardized anonymized data
collection forms. Premorbid conditions were recorded at admission
using the Cumulative lliness Rating Scale, the premorbid modified
Rankin Scale and the Clinical Frailty Scale, whereas the neurolog-
ical severity was addressed through the modified version of the
Neurological Impairment Scale (NIMS). FND was diagnosed in the
presence of (i) one or more patterns of deficits consistent predom-
inantly with dysfunction of the nervous system and (ii) variability
in performance within and between tasks [6], whereas medical un-
explained symptoms (MUS) were diagnosed according to current
criteria [9]. Demographics, clinical characteristics and diagnosis dis-
tribution were contrasted between vaccinated and non-vaccinated
cases and a subgroup of patients according to the onset of neuro-
logical manifestations in the first 30days (V< 30days), 30-60days
(V 30-60days) and more than 60days (V> 60days) following SARS-

CoV-2 vaccination.

Statistical analysis

Demographics and clinical characteristics were compared between
vaccinated and non-vaccinated cases (and subgroups) using chi
squared and ANOVA for dichotomous and continuous variables,
respectively. Post hoc analyses were performed using Bonferroni

correction. Differences in distribution for final diagnosis between
subgroups were evaluated using a logistic regression model adjusted
for age, sex and comorbidity status. Analyses were conducted using
SPSS IBM statistics version 25.

RESULTS

A total number of 909 patients consecutively hospitalized for neu-
rological disorders were screened; of them, 66 were excluded for
data collection refusal (n=28) or missing clinical data (n=38). Thus,
843 cases including 432 vaccinated and 411 unvaccinated patients
were included in the final analyses. The rate of vaccinated patients
increased from 2% to 90% within the observation time (Figure S1).
Vaccinated and not vaccinated subjects were comparable for age,
sex distribution, premorbid comorbidity disability and diagnosis dis-
tribution (Table 1).

Compared to unvaccinated cases, V<30days showed a simi-
lar sex distribution but were significantly younger (53.7 +20.2 vs.
58.3+20.1years, p<0.001) and presented slightly fewer comorbid-
ities (Table 1). In the V< 30days subgroup, 31 patients followed the
first, 49 the second and 27 the third dose of vaccine, with a differ-
ent distribution compared to the general group (p=0.001, Table 1).
Most patients underwent an mRNA vaccination (BNT162b2 67.9%,
mRNA-1273 12.2%), whereas 11% followed ChAdOx1-S and 9%
Ad26.COV2 subtype. The distribution between vaccine subtypes
was similar in the V<30days subgroup (p=0.25, Table 1).

Out of 432 vaccinated subjects, 106 cases manifested neuro-
logical syndromes within 30days from SARS-CoV-2 vaccination
(V< 30days), 71 between 30 and 60days (V 30-60days) and 255
after 60days from vaccination (V>60days). Compared to unvac-
cinated subjects, V<30days cases exhibited an increased risk of
FNDs (odds ratio [OR] 4.2, 95% confidence interval [CI] 1.6-11.1,
p=0.004) and primary headache (OR 4.1, 95% Cl 1.9-8.8, p=0.001),
whereas V 30-60days subjects exhibited an increased prevalence
of MUS (OR 2.6, 95% CI 1.2-5.6, p=0.012) and similar FND distri-
bution compared to unvaccinated cases. Subjects hospitalized more
than 60days from vaccination exhibited a similar diagnosis distribu-

tion compared to unvaccinated cases (Tables 2 and S1).

Functional neurological disorders following
SARS-CoV-2 vaccination

Cases of FNDs following vaccination included transient sensory
disturbances (n=6), painful dysaesthesia or sensory deficits as-
sociated with headache (n=4), combined sensory-motor deficits
(n=1), diplopia (n=1) and gait alterations with postural instabil-
ity (n=1). The majority (10/13) of cases developed in the time
frame from April to July 2021 and all have a favourable outcome
(Table S2 for details). Compared to unvaccinated FND subjects,
cases associated with vaccination exhibited a higher prevalence
of females (11/13 vs. 7/16, p=0.029) but did not differ for age
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TABLE 1 Demographic variables
according to vaccination profile. uvc V <30days V 30-60days V>60days p value
N 411 106 71 255
Age, years 58.3+20.1 53.7+20.2 58.6+19.7 61.3+194 0.015°
Female, n (%) 198 (50%) 63 (62.4%) 33 (47.8%) 119 (47.6%)  0.08
Day of hospitalization 8.2+6.2 74+53 9.2+6.9 8.5+6.6 0.92
CIRS comorbidity 21+1.8 1.6+1.9 21+21 21+1.7 0.89
Clinical Frailty Scale 34+19 3.5+18 27+19 29+15 0.07
Premorbid mRS 19+13 1.5+2.0 1.7+1.8 1.70+1.2 0.08
NIMS 58+59 3.8+3.4 4.9+4.3 49+4.4 0.07
Symptoms following
First dose, n (%) 31(29. %) 5(7%) 2(0.7%) 0.001
Second dose, n (%) 49 (46%) 46 (65%) 235 (92%)
Third dose, n (%) 27 (25%) 20 (28%) 18(7.3%)
Vaccines subtypes
mRNA vaccines 85 (80%) 56 (79%) 193(75.6%)  0.25
Viral-vectored 21 (20%) 15 (21%) 62 (24.4%)

vaccines

Note: Significance level set at p=0.05, highlighted by bold values in the table.

Abbreviations: CIRS, Comorbidity Index Rating Scale; mRS, modified Rankin Scale; NIMS,
Neurological Impairment Modified Scale; UVC, unvaccinated subjects; V< 30days, subjects with
onset of neurological symptoms between 0 and 30days after the last dose of SARS-COV-2 vaccine;
V> 60days, subjects with onset of neurological symptoms at least 60days after the last dose

of SARS-COV-2 vaccine; V 30-60days, subjects with onset of neurological symptoms between

30 and 60days after the last dose of SARS-COV-2 vaccine.Post hoc Bonferroni comparison:

3V < 30days vs. UVC.

(35.3+14.1years vs. 36.7 +11.9 years), comorbidities and sever-
ity at admission (NIMS 4.5+3.7 vs. 5.1+4.1, p=0.67). None of
the patients (vaccinated or not vaccinated) had been diagnosed
with FND or neurological disease prior to admission. Compared
with unvaccinated FND subjects, cases associated with vaccina-
tion showed a higher prevalence of sensory disturbances (11/13
vs. 9/16) and symptoms associated with pain (4/13 vs. 0/16) and
headache (5/13 vs. 1/16). The two FND groups had similar du-
ration of hospitalization and neurological severity at discharge
(NIMS 1.3+2.4vs.1.7+2.4,p=0.37).

DISCUSSION

The study indicated a notable correlation between SARS-CoV-2 vac-
cination and a higher risk of FND and hospitalization for headaches
in an acute care environment. Additionally, our extensive consecu-
tive cohort did not yield any particular association with acute neu-
rological syndromes.

These data add important insights for understanding the real im-
pact of vaccination on acute neurological manifestations, a still open
issue [3, 6, 10, 11]. Findings showed that FNDs, headache and MUS
represent more than a third of patients hospitalized in the 30days
following SARS-CoV-2 vaccination. FNDs following vaccination
were similar in terms of demographics compared to unvaccinated

cases and showed a prompt amelioration of symptoms in a few days

of hospitalization. Furthermore, an interesting higher prevalence of
sensory disturbances and pain was observed in these specific groups
compared to unvaccinated FNDs. This might suggest that vaccination
can trigger the development of FNDs possibly through physiological
reactions (i.e., influenza-like symptoms or unilateral pain) in subjects
with increased attention towards body signal [3-6]. The increased
number of hospitalized subjects with negative findings following
vaccination might be related to the patients’ and clinicians' concerns
raised by rare known complications of vaccines, thus leading to a
risk of over-diagnosis and hospitalization especially for patients with
headache [3, 11, 12]. On one hand, the numbers provided for head-
ache and pain are in line with the recent meta-analyses indicating a
higher risk of this symptom following COVID-19 vaccination [13]. On
the other, the great emphasis in scientific literature and mass media
of these cases might lead to a higher number of subjects presenting
with acute onset neurological manifestations supposed to be asso-
ciated with vaccination. Most FND cases following vaccination were
indeed recorded in the earlier phase of the vaccine campaign, when
the awareness of side effects was at maximum levels, as reported in
previous vaccination campaigns [14].

The present findings are highly significant for both clinicians
and health authorities, as the global health system is implored to
strike a balance between thorough investigation and reassurance
in patients in whom a functional reaction is identified. The infor-
mation (and misinformation) pressure on single subjects and cli-

nicians and the concerns for a clinically relevant diagnosis such
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uvc V <30days V 30-60days V>60days TABL.E 2 Diagr}osis distrib.ution
according to the time of vaccines.

N 411 106 71 255
Cerebrovascular diseases 167 (41.9%) 32 (30.7%)? 27 (38%) 96 (37.9%)
Epilepsy 62 (15.3%) 8 (7.8%)° 4 (5.6%)% 34 (13.6%)
Headache 20 (5%) 11 (10.8%) 9 (12.7%) 14 (5.6%)
Brain tumour 18 (4.5%) 4 (3.8%) 0 (0%) 12 (4.8%)
Encephalitis 7 (1.7%) 1(0.9%) 2(2.8%) 4(1.6%)
Encephalopathies 9 (2.2%) 5(4.8%) 3(4.2%) 7 (2.8%)
Neurodegenerative diseases 20 (5.0%) 2(1.9%) 3(4.2%) 14 (5.6%)
Neuromuscular disorders 12 (3.0%) 3(2.8%) 2(2.8%) 8(3.2%)
CNS inflammatory disorders 26 (6.4) 6 (5.7%) 6 (8.4%) 27 (10.8%)

Myelitis 5(1.2%) 1(0.9%) 0 (0%) 2(0.8%)

ADEM 0 (0%) 1(0.9%) 0 (0%) 1(0.8%)
Vertigo and cranial nerve 9 (2.3%) 5(4.8) 2(2.8%) 7 (2.7%)

deficit

Traumatic brain injury 14 (3.5%) 1(0.9%) 0 (0%) 10 (4.0%)
FND 15 (3.6%) 13 (12.3%)° 3(4.2%) 6(2.3%)
MUS 27 (6.5%) 13 (12.3%) 10 (14%)° 13 (5.1%)

Abbreviations: ADEM, acute demyelinating encephalomyelitis; CNS, central nervous system;

END, functional neurological disorder; MUS, medical unexplained symptoms; UVC, unvaccinated
subjects; V> 60days, subjects with onset of neurological symptoms at least 60days after the

last dose of SARS-COV-2 vaccine; V 30-60days, subjects with onset of neurological symptoms
between 30 and 60days after the last dose of SARS-COV-2 vaccine; V < 30days, subjects with
onset of neurological symptoms between 0 and 30days after the last dose of SARS-COV-2 vaccine.

Significance versus UVC groups in linear regression analyses adjusted for age, sex and premorbid

conditions: 2p <0.05; ®p <0.005 significance level in post hoc analyses.

as cerebrovascular or inflammatory diseases might largely explain
these findings, which need to be verified in larger multi-centre
surveys, also including rare conditions with potential inflamma-
tory/vascular mechanisms [15]. Being focused on hospitalized pa-
tients in a single tertiary neurological centre, the design of the
study did not allow the evaluation of incidence and prevalence
of rare conditions or less severe manifestations (including FNDs)
not requiring hospitalization [3, 13]. Additionally, the research did
not adequately tackle the psychological and physical challenges
faced by FND patients, which are recognized to be incapacitating
and often require specialized care [6]. Furthermore, the sample
size unfortunately limited the analyses of a possible association
between type of vaccination and FND and specific studies are
needed to evaluate the role of psychological stressors, abnormal
expectations but also somatic symptoms in explaining this associ-
ation. The findings did not find any association with inflammatory
or cerebrovascular diseases, confirming the general safety pro-
file of vaccination in people with different premorbid conditions
and age classes [3, 12, 13]. Nevertheless, a prompt recognition of
FNDs is pivotal for reassuring patients and social media to reduce

the risk of vaccine hesitation for the general population.

AUTHOR CONTRIBUTIONS
Andrea Pilotto: Conceptualization; formal analysis; supervision;
writing - review and editing; methodology. Marcello Catania:

Writing - original draft; conceptualization; methodology; investi-
gation; formal analysis. Irene Mattioli: Validation; methodology;
formal analysis; visualization. Nicola Zoppi: Software; formal analy-
sis. Giulia Ceccardi: Methodology; investigation; validation; visu-
alization. Renata Rao: Project administration; visualization. Stefano
Gipponi: Supervision; data curation. Mauro Magoni: Supervision.
Massimo Gamba: Supervision. Alessandro Padovani: Supervision;
writing - review and editing; conceptualization; methodology; pro-

ject administration; resources; funding acquisition; visualization.

ACKNOWLEDGEMENTS
None.

FUNDING INFORMATION
No targeted funding reported.

CONFLICT OF INTEREST STATEMENT

Andrea Pilotto, Marcello Catania, Irene Mattioli, Giulia Ceccardi,
Renata Rao, Stefano Gipponi Mauro Magoni, Massimo Gamba and
Alessandro Padovani report no disclosures relevant to the submit-

ted work.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from
the corresponding author upon reasonable request.

85U8017 SUOWIWOD 8AIEa1D 3|qedljdde sy Aq peusenoh afe sajoie VYO ‘8sN JO Se|n o) Akeiqiauljuo A8|1/W UO (SUONIPUOD-pUe-SLLB)W0D AB 1M Ale.q 1 pul|uoy/:Sdny) SUOTIPUOD pue swie | 8Y) 8eS *[7202/T0/c0] Uo Akiqiauliuo A8|IM ‘TETIT 9US/TTTT OT/I0p/W0d" A8 1M Ale.q 1puljuo//:sdny wo.j papeojumod ‘0 ‘TEET8IYT



INCREASED RISK OF FUNCTIONAL NEUROLOGICAL DISORDERS FOLLOWING SARS-COV-2

VACCINATION 50f5
ORCID 10. Goss AL, Samudralwar RD, Das RR, Nath A, et al. ANA investigates:
Andrea Pilotto https://orcid.org/0000-0003-2029-6606 neurological complications of COVID-19 vaccines. Ann Neurol.
2021;89(5):856-857.
11. Kim DD, Kung CS, Perez DL. Helping the public understand ad-
REFERENCES verse events associated with COVID-19 vaccinations. JAMA Neurol.
1. Baden LR, El Sahly HM, Essink B, et al. Efficacy and safety 2021;365:1160-1161.
of the mRNA-1273 SARS-CoV-2 vaccine. N Engl J Med. 12. Fung WKW, Fasano A. Functional neurological disorders and
2021;384(5):403-416. COVID-19 vaccine:acall foraction. CanJ Neurol Sci.2022;50(3):325-
2. Patone M, Handunnetthi L, Saatci D, et al. Neurological complica- 326. d0i:10.1017/cjn.2022.61
tions after first dose of COVID-19 vaccines and SARS-CoV-2 infec- 13. Castaldo M, Waliszewska-Prosét M, Koutsokera M, et al. Headache
tion. Nat Med. 2021;27(12):2144-2153. onset after vaccination against SARS-CoV-2: a systematic literature
3. Butler M, Tamborska A, Wood GK, et al. Considerations for causal- review and meta-analysis. J Headache Pain. 2022;23(1):41.
ity assessment of neurological and neuropsychiatric complications 14. Bartholomew RE, Wessely S, Rubin GJ. Mass psychogenic illness
of SARS-CoV-2 vaccines: from cerebral venous sinus thrombosis and the social network: is it changing the pattern of outbreaks? J R
to functional neurological disorder. J Neurol Neurosurg Psychiatry. Soc Med. 2012;105:509-512.
2021:92(11):1144-1151. 15. Kolahchi Z, Khanmirzaei MH, Mowla A, et al. Acute ischemic
4. Maramattom BV, Krishnan P, Paul R, et al. Guillain-Barré syndrome stroke and vaccine-induced immune thrombotic thrombocytope-
following ChAdOx1-S/nCoV-19 vaccine. Ann Neurol. 2021;90:312- nia post COVID-19 vaccination; a systematic review. J Neurol Sci.
314. doi:10.1002/ana.26143 2022;439:120327. doi:10.1016/j.jns.2022.120327
5. Stone J, Carson A, Aditya H, et al. The role of physical injury in
motor and sensory conversion symptoms: a systematic and narra-
tive review. J Psychosom Res. 2009;66:383-390. SUPPORTING INFORMATION
6. Hallett M, Aybek S, Dworetzky BA, McWhirter L, Staab JP, Stone J. Additional supporting information can be found online in the
Functional neurological disorders: new subtypes and shared mech- X X X X .
anisms. Lancet Neurol. 2022:21:537-550. Supporting Information section at the end of this article.
7. Fasano A, Daniele A. Functional disorders after COVID-19 vac-
cine fuel vaccination hesitancy. J Neurol Neurosurg Psychiatry.
2022;93(3):339-340.
8. Pilotto A, Benussi A, Libri I, et al. COVID-19 impact on consecu- How to cite this article: Pilotto A, Catania M, Mattioli |, et al.
tive neurological patients admitted to(tl';e emergency department. Increased risk of functional neurological disorders following
J Neurol Neurosurg Psychiatry. 2021;92(2):218-220. L
9. McAndrew LM, Friedlander ML, Litke D, Phillips LA, Kimber J, SARS-CoV-2 vaccination. Eur J Neurol. 2023;00:e16191.

Helmer DA. Medically unexplained physical symptoms: what they
are and why counseling psychologists should care about them.
Couns Psychol. 2019;47(5):741-769.

doi:10.1111/ene.16191

85U8017 SUOWIWOD 8AIEa1D 3|qedljdde sy Aq peusenoh afe sajoie VYO ‘8sN JO Se|n o) Akeiqiauljuo A8|1/W UO (SUONIPUOD-pUe-SLLB)W0D AB 1M Ale.q 1 pul|uoy/:Sdny) SUOTIPUOD pue swie | 8Y) 8eS *[7202/T0/c0] Uo Akiqiauliuo A8|IM ‘TETIT 9US/TTTT OT/I0p/W0d" A8 1M Ale.q 1puljuo//:sdny wo.j papeojumod ‘0 ‘TEET8IYT


https://orcid.org/0000-0003-2029-6606
https://orcid.org/0000-0003-2029-6606
https://doi.org//10.1002/ana.26143
https://doi.org//10.1017/cjn.2022.61
https://doi.org//10.1016/j.jns.2022.120327
https://doi.org/10.1111/ene.16191

	Increased risk of functional neurological disorders following SARS-­CoV-­2 vaccination
	Abstract
	INTRODUCTION
	METHODS
	Statistical analysis

	RESULTS
	Functional neurological disorders following SARS-­CoV-­2 vaccination

	DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNO​WLE​DGE​MENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


