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Abstract

COVID-19 vaccines have brought us a ray of hope to effectively fight against deadly pandemic of COVID-19 and hope to
save lives. Many vaccines have been granted emergency use authorizations by many countries. Post-authorization, a wide
spectrum of neurological complications is continuously being reported following COVID-19 vaccination. Neurological
adverse events following vaccination are generally mild and transient, like fever and chills, headache, fatigue, myalgia and
arthralgia, or local injection site effects like swelling, redness, or pain. The most devastating neurological post-vaccination
complication is cerebral venous sinus thrombosis. Cerebral venous sinus is frequently reported in females of childbearing
age, generally following adenovector-based vaccination. Another major neurological complication of concern is Bell’s
palsy that was reported dominantly following mRNA vaccine administration. Acute transverse myelitis, acute disseminated
encephalomyelitis, and acute demyelinating polyneuropathy are other unexpected neurological adverse events that occur
as result of phenomenon of molecular mimicry. Reactivation of herpes zoster in many persons, following administration of
mRNA vaccines, has been also recorded. Considering the enormity of recent COVID-19-vaccinated population, the number
of serious neurological events is miniscule. Large collaborative prospective studies are needed to prove or disprove causal
association between vaccine and neurological adverse events occurring vaccination.
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SARS-CoV-2 is a novel coronavirus that can rapidly
affect human beings and can result in coronavirus disease
(COVID-19). COVID-19 is dominantly characterized by
lung damage and hypoxia. The first case of COVID-19, in
Wuhan, China, was reported on December 8, 2019. Later,
the World Health Organization announced COVID-19 as
a worldwide health emergency, on January 30, 2020. On
March 11, 2020, COVID-19 was declared a pandemic. As
per the latest World Health Organization report, there were
196,553,009 confirmed cases as on August 1, 2021 along
with 4,200,412 deaths [1].
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Early this year, COVID-19 vaccines has brought a ray
of hope to effectively fight against this deadly pandemic
and save precious human lives. Currently, four major vac-
cine types are being used. These vaccine types include viral
vector-based vaccines, COVID-19 mRNA-based vaccines,
inactivated or attenuated virus vaccine, and protein-based
vaccines. In viral vector-based vaccines, adenovirus is used
to deliver a part of SARS-COV-2 genome to human cells.
Human cells use this genetic material to produce SARS-
COV-2 spike protein. Human body recognizes this protein
to start a defensive response. The mRNA-based vaccines
consist of SARS-COV-2 RNA. Once introduced, genetic
material helps in making SARS-COV-2-specific protein.
This protein is recognized by human body to start defen-
sive immune reaction. In inactivated or attenuated vaccines,
killed or attenuated SARS-COV-2 virus triggers immune
response. Protein-based vaccines use the spike protein or
its fragments for inciting immune response. These COVID-
19 vaccines have received emergency approvals in different
countries for human use [2]. As per the latest World Health
Organization report, until August 1, 2021, globally, a total
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of 3,839,816,037 COVID-19 vaccine doses have been glob-
ally administered [1].

In fact, all kinds of vaccines are associated with the risk
of several serious neurological complications, like acute dis-
seminated encephalomyelitis, transverse myelitis, aseptic
meningitis, Guillain-Barré syndrome, macrophagic myofas-
ciitis, and myositis. Influenza vaccine has been found associ-
ated with narcolepsy in young persons. Several pathogenic
mechanisms, like molecular mimicry, direct neurotoxic-
ity, and aberrant immune reactions, have been ascribed to
explain these vaccines associated with neurological com-
plications [3]. Even COVID-19 vaccines are not free from
neurological complications. In this article, we have focused
on the neurological complications following COVID-19
vaccination that were reported after their emergency use
authorizations.

Search strategy

We reviewed available data regarding neurological compli-
cations (post-authorization) described following the World
Health Organization—approved COVID-19 vaccination. We
classified COVID-19 vaccination associated with neurologi-
cal complications in two broad groups: (1) common but mild
and (2) rare but severe. We searched PubMed, Google, and
Google Scholar databases using the keywords “COVID-19”
or “SARS-CoV-2" and “vaccination” or “vaccine,” to iden-
tify all published reports on neurological complications of
COVID-19 vaccines. We in this review will focus on spec-
trum of published neurological adverse events following
COVID-19 vaccination. Last search was done on August
1,2021.

Mild neurological events

Neurological adverse events following COVID-19 vaccina-
tion are generally mild and transient, like fever/chills, head-
ache, fatigue, myalgia and arthralgia, or local injection site
effects like swelling, redness, or pain. These mild neurologi-
cal symptoms are common following administration of all
kinds of COVID-19 vaccines.

Anxiety-related events, like feeling of syncope and/or diz-
ziness, are particularly common. For example, Centers for
Disease Control and Prevention, in a report published on
April 30, 2021, recorded 64 anxiety-related events (syncope
in 17) among 8,624 Janssen COVID-19 vaccine recipients.
None of the event was labeled as serious [4].

In Mexico (data available in form of preprint) among 704
003 subjects who received first doses of the Pfizer-BioNTech
mRNA COVID-19 vaccine, 6536 adverse events following
immunization were recorded. Among those, 4258 (65%) had
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at least one neurologic manifestation, mostly (99.6%) mild
and transient. These events included headache (62-2%), tran-
sient sensory symptoms (3-:5%), and weakness (1%). In this
study, there were only 17 serious adverse events, seizures
(7), functional syndromes (4), Guillain-Barré syndrome (3),
and transverse myelitis (2) [5].

In South Korea, Kim and co-workers collected data of
post-vaccination adverse events following first dose of
adenovirus vector vaccine ChAdOx1 nCoV-19 (1,403 sub-
jects) and mRNA vaccine BNT162b2 (80 subjects) vaccina-
tions. Data were collected daily for 7 days after vaccination.
Authors noted that 91% of adenovirus-vectored vaccine and
53% of mRNA vaccine recipients had mild adverse reac-
tions, like injection-site pain, myalgia, fatigue, headache,
and fever [6]. A mobile-based survey among healthcare
workers (265 respondents) who received both doses of the
BNT162b2 mRNA vaccine was conducted. The most com-
mon adverse effects were muscle ache, fatigue, headache,
chills, and fever. Adverse reactions were higher after the
second dose compared with that after the first dose [7].

Headache

Headache is one of the most frequent mild neurological
complaints reported by a large number of COVID-19 vac-
cine recipients, soon after they receive vaccine.

A review of headache characteristic noted that among
2464 participants, headache begun 14.5+21.6 h after Astra-
Zeneca adenovirus vector vaccine COVID-19 vaccination
and persisted for 16.3 +30.4 h. Headaches, in majority,
were moderate to severe in intensity and generally local-
ized to frontal region. Common accompanying symptoms
were fatigue, chills, exhaustion, and fever [8]. In a multi-
center observational cohort study, Gébel et al. recorded
clinical characteristic of headache occurring after the mRNA
BNT162b2 mRNA COVID-19 vaccination. Generally, head-
ache started 18.0+27.0 h after vaccination and persisted for
14.2 +21.3 h. In majority, the headaches were bifrontal or
temporal, dull aching character and were moderate to severe
in intensity. The common accompanying symptoms were
fatigue, exhaustion, and muscle pain [8].

Severe neurological adverse events

Serious adverse reaction following immunization is defined
as a post-vaccination event that are either life-threatening,
requires hospitalization, or result in severe disability. The
World Health Organization listed Guillain-Barré syndrome,
seizures, anaphylaxis, syncope, encephalitis, thrombocy-
topenia, vasculitis, and Bell’s palsy as serious neurologic
adverse events. Instances of serious adverse events follow-
ing COVID-19 vaccinations are continuously pouring in the



Neurological Sciences (2022) 43:3-40

current scientific literature and are source of vaccine hesi-
tancy in many persons [9] (Fig. 1).

Functional neurological disorders

Functional neurological disorders are triggered by physical/
emotional stress following an injury, medical illness, a sur-
gery, or vaccination. Functional neurological disorders often
remain misdiagnosed despite extensive workup.

After availability of COVID-19 vaccine, many YouTube
videos depicted continuous limb and trunk movements and
difficulty walking immediately after COVID-19 vaccine
administration. These videos were of concern as they were
the source of “vaccine hesitancy” [10]. Kim and colleagues
reviewed several such social media videos demonstrating
motor movements consistent with functional motor symp-
toms occurring after administration of COVID-19 vaccine.
Motor movements were bizarre asynchronous and rapidly
variable in frequency and amplitude consistent with func-
tional neurological disorder. The Functional Neurological
Disorder Society has lately clarified that movement disorder
is consistent with functional in nature. The spread of these
videos are important because these functional disorders cre-
ated concerns for vaccine hesitancy [11].

Several other kinds of functional neurological disorders
have also been reported. Butler and colleagues described
two young ladies, who presented with functional motor defi-
cits mimicking stroke. Both these patients had variability in
weakness and had many non-specific symptoms. A detailed
workup and neuroimaging failed to demonstrate any specific
abnormality [12]. Ercoli and colleagues described a mid-
dle-aged man who, immediately after vaccine administra-
tion, reported bilateral facial paralysis along with failure to
blink. These manifestations resolved quickly within 40 min.
Immediately after administration of second dose of vaccine,

Fig.1 A flow diagram depicts
the spectrum of severe neuro-
logical complications follow-
ing COVID-19 vaccinations
(ADEM, acute disseminated
encephalomyelitis; CVST, cer-
ebral venous sinus thrombosis;
LETM, longitudinally extensive
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he complained of respiratory distress and swollen tongue.
Again, all these symptoms resolved quickly following treat-
ment with corticosteroids, however, he developed new symp-
toms in the form of right hemiparesis. Two weeks later, he
developed facial hypoesthesia. A detailed workup of the
patient failed to demonstrate any abnormality. A diagnosis
of functional neurological disorder was, finally, made [13].

Cerebral vascular events

As a matter of concern, increasing number of reports about
adenoviral vector vaccine-induced cerebral vascular adverse
events, like cerebral venous thrombosis, arterial stroke, and
intracerebral hemorrhage, is getting published in leading
medical journals. These reports are alarming as post-vacci-
nation vascular events culminate either in severe disability
or death. Vaccine-induced cerebral vascular adverse events
are generally associated with severe immune-mediated
thrombotic thrombocytopenia. Thrombocytopenia gener-
ally clinically manifests within 5 to 30 days after admin-
istration of adenovirus vector-based vaccines. In post-vac-
cination thrombotic thrombocytopenia, a picture similar to
that of heparin-induced thrombocytopenia is encountered.
When heparin binds platelet factor 4, there is generation
of antibodies against platelet factor 4. Antibodies against
platelet factor 4 result in platelet destruction and trigger the
intravascular blood clotting [14]. The post-mortem exami-
nation, in patients with vaccine-induced thrombocytopenia,
demonstrated extensive involvement of large venous vessels.
Microscopic findings showed vascular thrombotic occlusions
occurring in the vessels of multiple body organs along with
marked inflammatory infiltration [15]. The vector-based
vaccines contain genetic material of SARS-COV-2 that is
capable of encoding the spike glycoprotein. Possibly, leaked
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genetic material binds to platelet factor 4 that subsequently
activates formation of autoantibodies. These autoantibodies
destroy platelets [16, 17].

Cerebral venous thrombosis

Cerebral venous thrombosis is the one of the most feared
devastating COVID-19 vaccine-associated neurological
complication. Cerebral venous thrombosis should be sus-
pected in all vaccinated patients, who has persistent head-
ache. Headache is generally unresponsive to the analgesics,
and some patients may have focal neurological deficits.
Affected patients are generally females of younger ages
(Table 1) [18-46].

In Europe, since March 2021, cases of cerebral venous
thrombosis started pouring in following COVID-19 vac-
cination, particularly after administration of viral vector
based (AstraZeneca ChAdOx1 nCoV-19 and the Johnson
and Johnson Ad26. COV2.S) vaccines [22]. Scully and
colleagues recently reported findings of 23 patients, who
presented with thrombosis and thrombocytopenia (plate-
let counts below 10x 109/L). These patients developed
thrombosis and thrombocytopenia 6 to 24 days after they
received the first dose of the viral vector-based vaccines. In
a significant observation, authors, in majority of patients,
demonstrated the presence of autoantibodies against platelet
factor 4. Additionally, D-dimer levels were found elevated
[20]. Tiede and co-workers reported five German cases of
prothrombotic immune thrombocytopenia after vaccina-
tion with viral vector-based vaccine (Vaxzevria). In these
patients, acute vascular events clinically manifested as cer-
ebral venous sinus thrombosis, splanchnic vein thrombo-
sis, arterial cerebral thromboembolism, and/or thrombotic
microangiopathy within 2 weeks post vaccination. All
five patients had low platelet counts and markedly raised
D-dimer. In all, autoantibodies against platelet factor 4 were
also demonstrated [30].

Pottegard et al. in Denmark and Norway evaluated inci-
dence of arterial events, venous thromboembolism, throm-
bocytopenia, and bleeding among vaccinated population.
The vaccinated cohorts comprised of 148,792 Danish peo-
ple and 132,472 persons from Norway. All has received
their first dose of viral vector-based vaccine (ChAdOx1-S).
An excess rate of venous thromboembolism (like cerebral
venous thrombosis) was observed among vaccine recipients,
within 28 days of vaccine administration. Authors estimated
an increased rate for venous thromboembolism correspond-
ing to 11 excess events per 100,000 vaccinations with 2.5
excess cerebral venous thrombosis events per 100,000 vac-
cinations [47].

Krzywicka et al., from the Netherlands, collected data of
213 cases with post-vaccination (187 after adenoviral vec-
tor vaccines and 26 after a mRNA vaccine) cerebral venous
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sinus thrombosis; they noted thrombocytopenia in 107/187
(57%) post-vaccination cerebral venous sinus thrombo-
sis cases. Thrombocytopenia was not recorded in any of
patients, who received an mRNA-based vaccine. Cerebral
venous sinus thrombosis after adenoviral vector vaccines
carried poorer prognosis. Approximately, 38% (44/117)
patients in adenoviral vector vaccine group died, while in
mRNA vaccine group, 20% (2/10) had died [48].

Recently published National Institute for Health and Care
Excellence (NICE) guidelines recommend that the patients
with clinical diagnosis of vaccine-induced immune thrombo-
cytopenia and thrombosis should be treated with intravenous
administration of human immunoglobulin, at a dose of 1 g/
kg. If there is no response or there is further deterioration,
second dose of human immunoglobulin should be given. In
patients with insufficient response, methylprednisolone 1 g
intravenously for 3 days or dexamethasone 20 to 40 mg for
4 days can be used [49].

Heparin needs to be avoided, instead alternative antico-
agulants like argatroban, bivalirudin, fondaparinux, rivar-
oxaban, or apixaban should be used for anticoagulation
[49-51]. NICE guidelines further recommend that patients
with very low platelet count should be treated either alone
with a argatroban or a combination of argatroban and platelet
transfusion [49].

Arterial events

Several acute arterial events, like arterial thrombosis, intrac-
erebral hemorrhage, transient global amnesia, and spinal
artery ischemia, have also been reported following vaccina-
tion [31].

Simpson and colleagues, in Scotland, estimated the inci-
dence of vaccine-associated thrombocytopenia and vascular
events following administration of first dose of viral vector-
based vaccine (ChAdOx1) or mRNA (BNT162b2 Pfizer-
BioNTech or mRNA-1273 Moderna) vaccination. First dose
of viral vector-based vaccine was associated with small
enhanced risk of idiopathic thrombocytopenic purpura; in
addition, up to 27 days after vaccination, there was possibil-
ity of an increased risk for thromboembolic and hemorrhagic
events. No such adverse associations were noted with mRNA
vaccines [52]. The reports of COVID-19 vaccine-related
intracerebral hemorrhage and ischemic stroke are summa-
rized in Table 2 [53-61].

Intracerebral hemorrhage

Athyros and Doumas reported a 71-year-old female. who
developed intracerebral hemorrhage after she received the
first dose of the Moderna mRNA vaccine.
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On the third post-vaccination day, the patient devel-
oped right hemiplegia, aphasia, and agnosia along with
accelerated hypertension. Computed tomography revealed
a hematoma in the left basal ganglia. On the 9th day, she
died [53].

In another report, Bjgrnstad-Tuveng et al. described a
young woman, who had a fatal cerebral event following
vaccination with AstraZeneca’s ChAdOx1 nCoV-19 vac-
cine. She was found to have severe thrombocytopenia. The
patient died the next day of the event. Post-mortem exami-
nation revealed antibodies against platelet factor 4 and the
presence of small thrombi in the transverse sinus, frontal
lobe, and pulmonary artery [54].

Acute ischemic stroke

Bayas and co-workers described a case that presented with
superior ophthalmic vein thrombosis, ischemic stroke, and
immune thrombocytopenia, after administration of viral
vector-based vaccine. Intravenous dexamethasone resulted
in marked improvement in platelet count [56]. Al-May-
hani et al. described three cases of vaccine-induced throm-
botic thrombocytopenia, all presented with arterial strokes.
Authors opined that young patients with arterial stroke after
receiving the COVID-19 vaccine should always be evaluated
for vaccine-induced thrombotic thrombocytopenia. Other
laboratory tests, like platelet count, D-dimers, fibrinogen
level, and testing for platelet factor 4 antibodies, should also
be performed [57].

Blauenfeldt et al. described a 60-year-old woman, who
presented with intractable abdominal pain, 7 days after
receiving the adenoviral (ChAdOx1) vector-based COVID-
19 vaccine. Abdominal computed tomography revealed
bilateral adrenal necrosis. Later, a massive right cerebral
infarction, secondary to occlusion of the right internal
carotid artery, occurred that led to death of the patient.
Blood tests showed thrombocytopenia, elevated in D-dimer
and platelet factor 4 antibodies [58].

Many reports of acute brain disorders like encephalopa-
thy, seizures, acute disseminated encephalopathy, neurolep-
tic malignant syndrome, and post-vaccine encephalitis were
described secondary to COVID-19 vaccine. These are sum-
marized in Table 3 [62-75].

Encephalopathy

Some patients developed encephalopathy following admin-
istration of COVID-19 vaccines. Acute encephalopathy is
defined as rapidly evolving disorder of the brain. Acute
encephalopathy clinically manifests either with delirium,
decreased consciousness, or coma.

@ Springer

Delirium

Delirium is characterized with fluctuating disturbance in
attention and awareness. Zavala-Jonguitud and Pérez-Garcia
described an 89-year-old man, who developed delirium after
mRNA vaccination. Within 24 h, patient developed confu-
sion, fluctuating attention, anxiety, and inversion of the
sleep—wake cycle. Patient had many comorbidities (diabetes
mellitus, hypertension, and chronic kidney disease). Patient
improved after he was treated with quetiapine [68].

Neuroleptic malignant syndrome

Neuroleptic malignant syndrome is a life-threatening com-
plication of many antipsychotic drugs characterized by fever,
altered mental status, muscle rigidity, and autonomic dys-
function. In an isolated report, neuroleptic malignant syn-
drome, in a 74-year-old female with dementia and bipolar
disorder 16 days after COVID-19 vaccination, has been
described [69].

Acute disseminated encephalomyelitis

Acute disseminated encephalomyelitis (ADEM) is an acute
inflammatory demyelinating disorder of the central nervous
system. In the majority, ADEM is a post-infectious entity;
in many cases, it even develops after vaccination [76]. In
two cases, acute disseminated encephalomyelitis follow-
ing COVID-19 vaccination has been reported. In first such
case a 46-year-old woman received Sinovac inactivated
SARS-CoV-2 vaccine before onset of clinical manifesta-
tions. Patient was presented with seizures, and magnetic
resonance imaging revealed multiple, discrete T2/FLAIR
periventricular. hyperintense lesions. Patient improved fol-
lowing methylprednisolone treatment [70] Another patient
was a 24-year-old female who presented with encephalopa-
thy along with limb weakness of 1-day duration. Two weeks
prior, patient was vaccinated with inactivated SARS-CoV-2
vaccine. Magnetic resonance imaging revealed multiple, dis-
crete T2/FLAIR hyperintense lesions in the brain. Patient
improved following treatment with antiepileptics and intra-
venous immunoglobulins [71].

Post-vaccinal encephalitis

Zuhorn et al. reported a case series 3 patients, who pre-
sented with post-vaccinal encephalitis, akin to autoim-
mune encephalitis, 7 to 11 days after administration
of adenovirus-based ChAdOx1 nCov-19 vaccine. All
patients fulfilled the diagnostic criteria for possible auto-
immune encephalitis. One interesting case had presented
with opsoclonus-myoclonus syndrome. Two patients pre-
sented with cognitive decline, seizures, and gait disorder.
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Neuroimaging did not reveal any abnormality. CSF
pleocytosis was noted in all three patients. All patients
responded well to corticosteroids [75].

Transverse myelitis

Acute transverse myelitis is an inflammatory spinal cord
disorder that clinically manifests with the paraparesis/
quadriparesis, transverse sensory level, and bowel or
bladder dysfunction. Acute transverse myelitis usually
is a postinfectious disorder. Magnetic resonance imaging
demonstrates T2/FLAIR hyperintensity extending several
spinal cord segments. Autoimmunity via mechanism of
molecular mimicry is usually responsible for spinal cord
dysfunction. Adenoviral vector-based COVID-19 vaccines
are more frequently associated with causation of trans-
verse myelitis. In isolated cases, even inactivated virus
vaccine and mRNA-based vaccines had precipitated acute
demyelination spinal cord syndromes, like multiple scle-
rosis and neuromyelitis optica. Reports of myelitis associ-
ated with vaccination for SARS-CoV-2 are summarized in
Table 4 [77-83].

Malhotra and colleagues reported a 36-year-old patient,
who had short-segment myelitis 21 days after first dose
of adenoviral vector-based (Oxford/AstraZeneca, COV-
ISHIELD™) vaccine. Patient recovered completely after
treatment with methylprednisolone [77]. Fitzsimmons and
Nance reported another patient of acute transverse myeli-
tis following Moderna vaccine (an mRNA vaccine). The
63-year-old patient developed symptoms of acute myelop-
athy within 24 h of vaccination. MRI revealed increased
T2 cord signal seen in the distal spinal cord and conus.
Patient improved considerably following treatment with
methylprednisolone and intravenous immunoglobulin [78].

Earlier, in phase III trial of Oxford/AstraZeneca vac-
cine, 2 patients had developed transverse myelitis. One of
the case of transverse myelitis was reported 14 days after
booster vaccination. The expert committee considered that
this case was the most likely an idiopathic, short segment
transverse myelitis. The second case was reported 68 days
post-vaccination. Experts believed that in this case, trans-
verse myelitis was not likely to be associated with vac-
cination. This patient was earlier diagnosed as a case of
multiple sclerosis [84, 85].

The pathogenesis of acute transverse myelitis following
COVID-19 vaccination remains unknown. Possibly, SARS-
CoV-2 antigens present in the COVID-19 vaccine or its
adenovirus adjuvant induce immunological reaction in the
spinal cord. The occurrence of 3 reported acute transverse
myelitis adverse effects among 11,636 participants in the
vaccine trials was considered high and a cause of concern
[86].

Bell’s palsy

Several cases of Bell’s palsy have occurred following
COVID-19 vaccination. (Table 5) [87-95]. The instances
of Bell’s palsy are most often associated with mRNA
vaccines [96]. Vaccine-associated Bell’s palsy generally
responds very well to the oral corticosteroids. The exact
pathogenesis remains speculative.

In a case—control study, Shemer et al. compared clinical
parameters of patients with Bell’s palsy following mRNA
vaccination with that of patients with Bell’s palsy without
vaccination. Out of 37 patients, 21 had received vaccina-
tion. Bell’s palsy developed within 2 weeks following first
dose of COVID-19 vaccination. There was no difference in
any of the clinical parameter between vaccinated or unvac-
cinated groups [97].

Earlier, in the Pfizer-BioNTech clinical trial, which
included 44,000 participants, 4 people had Bell’s palsy.
No case of Bell’s palsy was reported in the placebo arm.
In the Moderna trial, which included 30,400 participants, 3
vaccine recipients reported Bell’s palsy. One person was in
the placebo arm [98]. An article, published in the Lancet,
analyzed the combined phase 3 data of Pfizer and Moderna
trials and noted that the rate of Bell’s palsy was higher
than expected [98].

Other cranial nerve involvement

In isolated instances, mRNA vaccines were found associ-
ated with olfactory dysfunction and sixth cranial nerve
palsy (Table 6) [99-104].

Olfactory dysfunction

Olfactory dysfunction is the most frequent neurological
complication of COVID-19. Konstantinidis and colleagues
reported two cases of smell impairment after second dose
of the BioNTechBNT162b2 vaccine (Pfizer) administra-
tion [51].

Keir and colleagues reported phantosmia follow-
ing administration of Pfizer COVID-19 vaccine. Patient
complained of constantly “smelling smoke” and head-
aches. MRI of brain of the patient showed enhancement
of the olfactory bulbs and bilateral olfactory tracts [100].

Abducens nerve palsy

Reyes-Capo et al. reported a 59-year-old lady, who pre-
sented with an abducen nerve palsy 2 days post-vaccination
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Table 4 (continued)

Outcome

Treatment

Clinical features Neuroimaging

Duration after vac-

cination

Vaccine type

Country  Age/sex

Neurological com-

plication

Reference

Improved

Myelitis oligo- MRI revealed Methylpredniso-

6 days first dose

Pfizer-BioNTech

First manifesta- Germany 28/F

Havla et al. [82]

lone and plasma
exchange

multiple (>20),

clonal bands

COVID-19 vac-

cine

tion of multiple

sclerosis

partially conflu-

ent lesions with
spatial dis-

semination but
no gadolinium
enhancement.

Contrast-enhanc-

ing lesion at the

T6 level, sugges-
tive of myelitis

Improved

The first dose of 3 days Dizziness and MRI scanning of ~ Methylpredniso-

Middle-aged
female

China

Neuromyelitis

Chen et al. [83]

lone

the brain revealed
area postrema
and bilateral

unsteady walking
AQP4-positive

inactivated virus

vaccine

optica spectrum

disorder

hypothalamus

lesions

(Pfizer-BioNTech mRNA vaccine). Neuroimaging in this
patient was normal..

Otologic manifestations

A variety of otologic manifestations has been noted fol-
lowing COVID-19 vaccination. Parrino and colleagues
described three patients with sudden unilateral tinnitus
following BNT162b2 mRNA vaccine administration. Tin-
nitus rapidly resolved in 2 cases. Wichova and colleagues
in a retrospective review recorded 30 patients, who either
had significantly exacerbated otologic symptoms or had
a new symptom after getting mRNA vaccine. Post-vacci-
nation otologic manifestations included hearing loss with
tinnitus, dizziness, or with vertigo. In some patients, with
Meniére's disease or autoimmune inner ear disease, vaccine
led to exacerbation of the pre-existing otologic symptoms
[102,105].

Acute vision loss

Santovito and Pinna reported an unusual patient, who
developed acute visual impairment following the 2nd dose
of the Pfizer-BioNTech COVID-19 vaccine. Prior to visual
symptoms, patient experienced unilateral headache. He also
reported mild confusion, asthenia, and profound nausea. His
symptoms got relieved after taking analgesics. Possibly,
patient had an acute attack of migraine with aura that got
precipitated by the vaccine [106].

Guillain-Barré syndrome

Guillain-Barré syndrome is a post-infectious disorder of
peripheral nerve manifesting with lower motor neuron type
of sensory-motor quadriparesis. Acute motor weakness is
frequently preceded by an antecedent microbial infection.
There are numerous reports indicating that COVID-19 infec-
tion can trigger Guillain-Barré syndrome. The US Food and
Drug Administration has recently expressed its concern
regarding a possible association between the Johnson and
Johnson COVID-19 vaccine with Guillain-Barré syndrome
[107].

After emergency use approvals, all kinds of COVID-19
vaccines were found associated with Guillain-Barré syn-
drome. Adenovector-based vaccines were more frequently
associated with Guillain-Barré syndrome. Earlier, in phase
3 trial of Johnson and Johnson adenovirus vector-based
COVID-19 vaccine, 2 patients developed Guillain-Barré
syndrome. One patient belonged to vaccine group and other
to placebo group. Both patients had Guillain-Barré syn-
drome within 2 weeks of receiving injections. The Guillain-
Barré syndrome in the vaccine arm was preceded by chills,
nausea, diarrhea, and myalgia [108, 109].

@ Springer



(=)
5
b
m
<
S
8
g ourd
3 -O8A €LTT-VNYW
& porordw]  QuUOOSIUPAI] [eWwION As1ed 1eroeq Kep | ) JO ISOP PUOIAS N/9€ 1e1e0) Asred s [10g [S6] ‘Te 10 reyny1
©
=, 4S80 (1974 /4oe,
= pue poojq ur judsoid -Nog ‘Tqz9 LLNE)
Mu.. JIoM SaIpOqnUE AyeuIrio)) QuIodRA
=z CT-AOD-SYUVS SIS VNYW 2-A0D
poaoxdw]  Quojosmupald [ewioN  -Arered oposnwi [eroeq Kep g -SYUVS JO 9sop I1sI1 d/17  Auewron Asted s.[log  [16] ‘Te 10 uuewIOgO
JuIodeA
owr) Ased s [1og 61-ATAOD UY92L sarsped
Ay y10q Jo soposida [eroie[en skep ¢ 101Je Asred -NoIg-1azyd ) Jo QAIAU [RIOR] [BID
parordwy  Quojostupald [eULION -U0D 21210SIp 0OM], PO Y G ‘Asted JySTY $9SOp pUOdAS pue ISIL] SN -lerenuods renuanbag [c6] ‘T8 19 smormng
BhlH|
ST JO 9pIS Y] 3y} QUIdOBA YN YW [z6] 830
paoaoxdw] SPIOISISOINI0D) [EWION  UO SSQUBIM J[OSNIA skep 6 79291.ILNg-1oZyd IN/OS uredg Asted s, 1109 SOIQLIQT, 9P ZWONn)
As[ed s.[[og ¥ 21098 uoneurd
QuoN QUON [PWION UUBWYORIG-9SNOH skep Oz -0BA S'ZAOD 9PV d/29 uedep Asted s.Jlog  [16] ‘T® 30 BMBZIYSIN
(ypuowt 3G) Aoueu
-3axd Surmp 107
ur Asped s, [[og WySut
& pado[oAdp ys QUIDORA [o6]
paroidw]  SpIOIRISOO1I0D) QuoN  Asped eroej [] opein skepz  61-AIAOD BUISPOIN A/pE uredg Asred s Jlog  ‘Te 190 SQIR[[IA-UNIRIA
CACoILNYA
pasordw]  SPIOIAISOINIOD) QUOP JON  SSQUMEOM [BIOR) 9INJY S0P ISy Jojje sAep ¢ JuIdORA YN YW N/LE Are1y Asred s,[10g [68] ‘Te 12 ®[[o[0D
QUIDJRA (YN W)
SSQUBOM [BIOB] VN Jo3uassow
ersnoge £syed s Jjog V 61-ATAOD
panroxdug Juosiupald JuoN Jo soposido snotaaid ¢ 9sop puodas IaiJe | 9¢ Yoo NoIg-Iozyd /LS vSn Asred s [jog [88] e 10 o1fedoy
snono
10150z sadiay pue
snorwreyydo 193502 asop (=4 pue
sad1ay pey auQ ssou pug PIAIRIAI ¢ ASOp QUIJJLBA Z-A0D S=W) L8] (sased g Jo
UQAIS JON  SPIOId)SOONI0D) QUON Seom [BIOR) 91Ny 151y Jo1je skep Oc— -S¥VS 797911Ng 98—G¢ [oRIS| Asred s [jog  110das e) “[e 10 Jowdys
uoneurd uoned
EL1Te) Juouneal], SurSewionaN $2INJBYJ [BOIUI[D) -OBA I9)JR uoneIng ad£y aurooep x08/98y  Anuno)  -1[dwos [eorSojoIaN ERlIENEIEN |
T-A0D-SYVS surede uoneurdora Jaje Asyed s [jog woly paroyns oym ‘sjuaned pajrodar jo Arewwng g ajqep
O
o~

pringer

A's



27

Neurological Sciences (2022) 43:3-40

sa3ueyd
onojApuods
pareaaar autds
[BOIAIOO QY) JO
TN QUL 9AToU
[eurwaStn 1J9[
Y} Jo JuowFos
€A 9} Jo Juow
-00UBYUD YJeays
[emourrod pue
Suruayory
PO[BAADI OAIOU

Yoou pue
908 1J9[ Y} IOAO
ured pue Sur

(uerowreuIzo})
UOIRUIOIRA

s
-NOIPEI [BOIAIRD

[vor1]

panoxduy urreqeSold [euTWOSIN JO TYIN  -[[oMS ‘SSouquunyN SOPISIY Y ¢ YOI NOIg-10ZlyJ d/zs  @iodeSurg pue TeurwaSLL], ‘[& 39 n[eyUISEIBN
rI3[eAW
pue S[[IYo [Im
J9A9J y3ry Sur aum
-Ieay [eWLIOU oY) -0eA 61-AIAOD Aqredo9yooo
PaqINISIp pue snj BOOUAZBISY A} pue smuun  €€TL6THE AN
paaoxduy SPI1012)S0011I0D) quopioN  -tuun yoyd-y3ryg yg JO 93esop 1811 /ZE uemIB], Q[qISIOAY [ €01] ‘T 30 Suasy,
om) ut smuun skep £ QUIOOBA-YN YW
[Te paroidw]  ‘SpIOI9ISOONIOD) TIN [BULION  [elIoje[Iun usppng Y ()T 9SOp Is1y U-L CIT9TING IN/O€ /€9 d/LE Arear smmuty,  [Z0l] 'Te 19 oullreq
dn-morjoj Jusdar
ur peSueyoun
pourewal uor eidordip uI
-BUTWIEX S}1QIO0 pue ureIq Kq pamoroy -oeA 6T-AIAOD Ksred oarou [1o1]
J10)OW-AI0SUOS J[qe[leAB JION  JO TN [BWION Kep T 10J 19A9] skep g  YooLNoOIg-19ZYd A/6S VSN  suoonpqe noy ‘Te 10 ode)-sokoy
syoen) K10}
-oeJ[0 [eIaYR[Iq
pue qnq 4103
-oej[0 JyS11 uey
1918013 1391 o) erarsodAy
JO JUSWOOURYUD YA PoJRIOosSe
TAIA 1081 K10} . youws ur
-OBJ[0 1J9[ JuowW -[[ows, , jo asop
-ooueyuo jure]  soposide wopuer PU029S UOTJBULD
SOJeIISUOWApP Y ‘pansiyey -oeA 61-AIAOD
QUON QUON 1D ISenuodsod “Yeom Sur[ooq QUON Yoo NoIg-19z1d d/LS VSN BIWISOIURYJ [001] T 10 19y
9sop syuaned
Ppuod9s I13y) 9SOp Pu0dIs 79291.LNd uonouny 7 Jo 110day [66]
pasorduy  Jururen K10108J10 QUON Ioye erusodA  101je sAep G pue ¢  UYOQINOIg-IR9ZYd — O[ewdf yiog 909210 -SAp AI010BJ[O  'TB 19 SIPIUNUBISUOY]
UOTJBUIOOBA uonesrdwod
awooInQ JuSUIBAI], SurSewromaN  seINJESy [ROIUID) I0)je uoneIng ad£y aurooep x08/08y  Anuno) [eo1SojoInaN ERliCIIEN|

T-ACD-SYVS Isurese uoneurooeA 10)Je (Asfed s [[og UBY) IoUJ0) JUSWDAJOAUT JAIIU [RIURID WOIJ paIayns oym ‘syuaned payiodar Jo Arewrwng 9 ajqel

pringer

A's



Neurological Sciences (2022) 43:3-40

28

Jyoepeay [eyonu

puE [eJuoJJ [BId uro QwoIpuks
urngojountuwr -je1q e1deydsAp -0BA 1-AIAOD IR g-ure[[inn
panroxdug SNOUQABIIU] QuoN PpuE BISayIsareq skep g Paseq-10}09A W/ZE emsny Suneqiooexyg [s11] 101938UI
(‘Ip/3u 6y)
9s0on[3 pue Ip
/3w 7971 urjoxd
B=4SD d[em
193u0[ ou p[nod
ays ‘9 Aep Aq
pUE SONIWIAIIXD our
urngojSounwiwi IoMO[ [eIRe[Iq -oeA 61-AIAOD QWOIpUAS [F11]
pasoxdug SNOUdABIIUT QUON 19U UL SSOUYBIA Aep [ UYoLNOIg-19ZYd Jd€/98 SN JLreg-Uure[[Inn ‘Te 19 1092930
ssouyeam uIo
quIIy 1oMmO[ asop  -oeA 6T-AIAOD QWOIPUAS
posoxdury DIAI QUON [BI9JE[Iq IOy puodag skep 0z YoILNOIg-19zyd WeEL  TERQ sleg-ur[nD  [¢11] 819 jozey
squuy
Jomo[ o) uI AJe BOQUOZBNSY
-I9Je[1q JIXAaIe PIOJX(Q) SUIOOBA
SSoUYEIM Q[0 Pa10109A-SNI
JUSWOUBYUD -snwr Surpuoose -IAOUQPE JUID
urngoSounwwr JOOI QAU aA1ssaidoid -0BA [XOPVYD QUWIOIPUAS
pasoxdug SnoudARIIUL eumnbo epne) ‘[eornoWwAS Syoom 61-dIAOD W/LE SIn ueg-ureny  [g11] e 10 [ored
uon
-BIOOSSIP O130] QUIOOBA JOJORA
-o1kd0uTmInge (92pV) 9z 2dKy
pamoys 4SO -0I9S SNIJIAOUIpPE
sisaredripenb JUBUIQUIOAI
$)00I QAU JIXQpaIy pue B ‘S'TAOD
ury eumbo epned er3ordip eroey ‘9P ‘uosuyor QUIOIPUAS [111] O30
poaoxdw] -nqo[Sounwul A]  Jojuoweoueyuy ‘erdordowreyydo Syoam 7 29 uosuyor 1/09 vSn QuIRg-UIR[[IND) ©Z07 ZonbIg|
uorn
-RIDOSSIP 130]
-0)Koournge aum
pamoys 4SO -oeA (YN W)
S]1001 9AIU $SO] AI0Suds VN 1o3uassow
urp eumbo epned [EISIP UIIM SISAI V 61-dIAOD owoIpuAs [or1]
paroidw] -nqo[Sounwwul A]  jojuswdoueyus  -edered orxopgory Syoom ¢ o9 NoIg-Iozid d/78 vSn J1reg-ure[[mno ‘Te 10 padyepm
UOTJBUIDOORA uonesrdwod
QwooInNQ JuAWIBAI], SurSewlomnoN  SQIMIed) [BIIUI[D I91Je uoneIng adAy qurooep x3s/a8y  Anuno) [eor3o[0InaN Q0URIYY

7-A0D-SUVS Isurese UOTBUIOORA 1)k JopIOSTp oa1ou [eroydirad ojnoe ue padofoaap oym ‘sjuaned pajioder Jo Arewrwng 7 3jqe)

pringer

A 's



29

Neurological Sciences (2022) 43:3-40

uroned Sur
-JeutfaAwap -ADN

erSoydip [eroey 61-AIAOD
urngoj3ounwwi ym sisaredrx BOJUIZENSY O} QWIOIPUAS
pasoduwy snoudAenu] [eULION -penb orxopary skep G Jo 9sop 11y Y[, /L9 SN queg-uremy  [g]1] ‘[e 10 wezy
uroned Suneu
UONE[IUIA -TeAWap -ADN pIoJxQ
[eoIuRYOAW puR Asred reqrnq Jo AyIs1oATUN)
urngoSounwwr s sisaredu ‘BOOUIZBIISY QUIOIPUAS
panoxdup SnoudAeIUL QuoN -penb orxogary skep 9 ‘PISIYSIAOD W/IL eIpu] ueg-uremo  [8171] T8 10 U0y
[eued
£I0)Ipne [euIul
WYSLT oy UM [Te ur uon
QAIOU [e10R] AU} -BIOOSSIP OTUTW
JO JuUaWROURYUD -nqe-03&) 1 ul
JUSWIET) OU JO  PIMOYS ISENUOD stsarediipenb
‘SPIOJ2)S [IO ‘Ul yim ouids  orxogare ¢ ur i3 QuIOORA jue SosBD
-ngoSounurwr oroym pue  -o[dIp [eroej | ur ZAOD-SYVS 89 -LIEA QWOIPUAS  Jo 110doy
poaoxdur [y SNOUQABNU]  UIRIQ oY) JO [YJN  SSOUYBIM [eIoe] SYOOM € UIYIIAN -USZBISY-PIOJX()  SO[RW [[& L6—(T N ueg-ureqmy  [£171] Te 30 UMY
(DS pue Yiy)
saryyedomau
[eIUBID JOYIO
padofeaap osfe
(%L6) syuened
Inoy sisared
[BIoR} [RISlR[Iq
pey sased /,
[TV uone[nuaA
[edruRyOOW
paxmbar sased
[ewIou ¢ e1Sordupenb QUIOOBA paseq
J1om ouids JIXI[RIR 0) -10J09A0UIPE SIsBD / JO
punoq paq [[0s XIS urnqorSountuuar pue ureiq TN passorSoxd 9s0p 181 oY) 61-A0DU QWOIPUAS yodoy [977] 'Te
1593 POIGA0IAI DU SnouvABIU] ‘syuanjed om) ug syuoned [y JO SYOOM T UIYIA /S-1XOPVUD BIpUL oleg-UR[[IND) O WOJBWWERIBIA]
UOTJBUIDOBA uonesrdwod
woonQ JuoUIeAI], SurdewioIndN  SQINjedy [BIIUID I9)Je uoneIn(g ad£y aurooep Xas/a3y  Anuno) [eo130[0INaN

OURIRJIY

(ponunuoo) £ 3|qey

pringer

A's



Neurological Sciences (2022) 43:3-40

30

sisaxoyd QuId
-ewserd puy -oea (uosuyof
urngofsounwwr 29 uosuyor) QUIOIPUAS
poroxduy SnousABU] [eULION e1So[dip [e1oe] skep 61 S'CTAOD'9CPV d/69 vsn lred-ule[ing [¥T1] Te 10 uref
UonRIO0SSIP
[e2130[0140
-urungre-4S9
sjuaned 4 ur
uroped Suneu
-eAwap -ADN
er3ordip eroey
urngojounwwt ym sisaredrr QUIOJRA ] QWOIPUAS [ec1]
panoxduy SnoudABIU] [eULION -penb orxopory skep 0T  -AODU [XOPVYD N/6S AreI1 QLIRg-UTR[IND) “Te 30 T[[onseN
syuaned 4
ur uxoped Suneu
-pAwap -ADN
sjuoned  swoIpuAks oureg JurooeA 6
sjuoned ¢ UT 9AIOU BIOR] -ureq[mo Jo jue -dIAOD PIOIXO
T UL UGAIS Sep oloym Suofe  -Lrea eisayisared skep 71 Jo AjisIeAtun) (soseo G Jo
urnqojSounwwI JUSWIUBYUD )M SSOUNBIM skep g skep /. ‘BI2UAZBNSY Y1L w/99 QWOIpUAS sonas ) [zz11
pasoxduwt [y SNOUSABIU]  ISBIUOD [BIde[Ig [e1o€] TeIoYR[Ig skep £ skep 11 BLIAOZXBA  IN/ES N 1S IN/SH SN IR g-ure[[Inn ‘[e 19 oroRjIUOyg
(edouayz
urened Suneu -eISY-pIOJXQ
~1[oAwdp -ADN [BLIAOZXEA) QUID
er3ordip reroej -0BA 61-AODU
NDI9y ur  urngojSounuu im sisoredir IXOPVUD swoIpuAs (121l
surewar juoned ayJ, SnouoAeIU| QUON -penb orxegory Syoom ¢ Jo 9sop 1811 W/ZL  9ouelj IR g-ure[[inon ‘[e 19 JoLmay [,
UOTBIO0SSIP
[eo13070340
-utungre-4S9
uioped Suneu
-IlAwap -ADN
eidordered
adKy-prooey
ssouquInu pue
visay)sared £q QUIOJRA G
papadaxd squury -dIAQD BI2UZ
ADIoy ur  urngo[Sounuwiwt Iomo] TeId)e[Iq -BNSY/PIOJXQ QWOIPUAS
surewrar juanyed oy, SNOUdABIIUT [eULION JO Ssouyeop a1y} JO 9s0p ISIL] d/29 N oueg-uremo  [0g]] Te 10 uesey
UOTJBUIDORA uonesrdwod
QwodNQ Juouneal], SurSewromoN  saIjeoy (eI I9)je uoneIn(y adK) eurooep %9508y Anuno) [eo13o10INON QOUIOJOY

(ponunuoo) £ 3|qey

pringer

A 's



31

(A

-edonau 19qy
[rews paaoid
Asdoiq oAToN)
spuey] Y} ojur

A[rewrurw pue (asop
SOATED AU} 0} PU029S) QUIOIBA
Surpeaxds Ajre (VNYW) VNI
-npes3 109 oY) Jo3udssow
yuowoAoxdur ul SeISayISASAp 61-AIAOD Ayyedor [2z1]
onewo)dwig unuadeqen JuoN Suruing dsuuy Josuo Anoeqnsg Yoo Norg-1ezyd d/LS VSN  -Ndu Ioqy [lewS ‘Te 30 paayepm
(sosed G Jo
QUIOIPUAS yodar®) [977]
N led-ure[[iny ‘[e 19 oroejIuog
AyredoinouAjod
SuneuroAwap
JIOJOWLIOSUQS
[ecojnnur ADN
UOTIBIO0SSIP
[eo130]034>
-utunqre-4§9
'SSQUYBOM qUUI|
JOMO[ OTXQJoIe
aarssardoxd asop
[elore[iq pue JSII] QUIOdRA ]
Quo[0S risayjsared Sur -AIAQD PI0IXQ
-1upaid [elo pue -puadse ured Jo Ks1oatupn)
uinqo[ounwwt Joeq 9I9AS pue ‘BOQUOZBNSY QWOIPUAS [sz1] dooxry)
poaoxdwy SnouaARIIU] [BULION e13o[dip [e1oBq skep 0] BLIAOZXBA W/8y  ®IRIA QuBg-UIR[[IND pue ueayoN
UOTJBUIDOOBA uonesrdwod
QwooInQ JUAWIBAI], SurSewromoN  SQIMIed) [BdIUI[D I9)Je uonem odAy qurooep x3s/a8y  Anuno) [eo130[0INAN Q0URIYNY

Neurological Sciences (2022) 43:3-40

(ponunuoo) £ 3|qey

pringer

A's



Neurological Sciences (2022) 43:3-40

Ayredou Ayredoxard
-1puUd) [BIWOIORANS [e1yorIq pajsas3ns
1JO[ PITW B PI[BIAI K3ojorsAydonoorg (829 QUIOIPUAS [oc1] Te YR Of1
posordwy  ouojostupardiAyie]N  Iop[noys Ay} Jo YN ured we pue 19p[moys SAep $  -U9ZBISY) BLIAOZXBA N/SE uredg oumj-ogeuosied -ung odsar) oruoyuy
Juimorreu
[BUTWIEIOJ INOYIIM
soSueyo oAIRIOUATIP SeISOY)SO
priwu pamoys Aydex -Ied pue ‘ssouquinu Ayd
-Sowo) peyndwiod ‘SSQUYBOM WLIE 1J9[ QUIOBA 61-AIAOD -onoAwe o13[eInsu l6zT]
poaoxdwy ouostupaid asop-y3Iyq ourds [ed1A10D) ssorured JosuU0-MmoN skep 6 YO NOIg-10Z1jd d/S€ VSN oryyedorpr ssofureq ‘[e 19 e1IR3aS-ZeI(q
JUSUINIOAT
JIUN JOJOW PIseIIIP
pamoys Aydei3oAw
-01)09[H "Ssoueom
UOTSUI)XA ISTIM 1J9]
pue du3 puey 1jo1
padofaaap juaned
) ‘9sOp Pu0dIAS
Q) I93JE YoM dUQ
9sop )s1y 193je ured
Tendeostrad 3jo1 UOIBUIOIRA QUWIOIPUAS
pasoxdwy SPI0IA)SOI1I0D) [RULION  2I9A3S JO JASUO UAPpNS skep / 7Q791IN4 61-AIAOD  WN/0S vsSn Joun]-ageuosied [821] T8 12 ueleyey
uoneurd
-OBA I3)JE uoned
QwoonQ JUSUIBALL SurSewiomoN SQINJBYJ [eOIUI]) uoneInq adAy ourooep X953y Anuno)  -1[dwoo [eo13ojoInaN Q0URIRYY

32

T-A0D-SYVS 1surese uoneurdoea 1oiye Aydonolwe o13emau padoaaap oym ‘syuaned pajrodar jo Arewwung g ajqel

pringer

A's



33

Neurological Sciences (2022) 43:3-40

QUIdIRBA
61-P1A0D (vuId

J[qe[IeAR JON JIqe[IeAR JON QUOP JON  USBl [BWOJeWIdp Y skep ¢ -poIN) €.Z1-VNJW /18 vSN Iasoz sadio  [g#1] Te 10 eUURYD
urodRA
u1d)ed [ewojeuriop WIBLIAQZXEA 8O (sased § Jo 11odax
Ul J[JISAA pue S9N -UdZRIISY QUIDILA e) [1v1] TR
paaoxdur [y JIAO[OAORTRA ouopjoN  -ded snojewroyfig sKep 9—¢ i AleuIo)) s J19zyd VN [eSmioqd 19150z sadioy  odifi pue oeyredyy
wioned [ewoewIop CLTI-VNYW euld
Ul J[OISAA pUE SN -POIAl PUe YW (soseo ¢ Jo 11odax
poaoxdurt [y IIAO[DADE TBIO QUOp 10N -ded snojewoyk1g  sAep g sAep £ skep ¢ T9Z9TILNG-19ZUd  N/Zv IN/9¥ IN/TL  uemIe], J191s0z sodioH ®) [0#1] T8 30 nIyD
SOWOJBWIdP GI—€L
0} Surpuodsariod
yorq pue uor3ar
Krewrurewr Y31
SIY UO BaIR UE 3uI
-Adnooo aseq snoy
-ewoyAI10 ue uodn
[owrejooe SUOISI[ JB[NOISIA QUIOBA G1-AIAOD [ec1] T8 10
pasoxdug -red JraopokoereA quopjoN  pepeayurd ofdnnu skep ¢ pajeATIORUT QYT /89  Aoyan], 19150z sadioy YIMZQ pue nsyy
SIOUI0 UT 19)S0Z
sadioy [eouniy, suo
ur snorweyydo
19150z sed1oy
SOSBISIP ONRWNIYL
KI0)eWUTURUT UOTJRUTOOBA (sased g Jo 110dar
VN VN QUOP JON  Junuwione pey [y skep ¢1- ¢ VNYW CACOTLNE  So[ewo} [[V 19-9¢ [oeIs] 10)s0z sedioH  ®) [8ET] '[€ 10 JoInyg
159D UO SUOISI]
onumid pue ‘[ny QUIOORA G [L€1] ueSewry
-ured ‘snoyewoyArg -AIAOD Pareanoru] W/8L Aoyng, 19350z sadioy -I0I[BX PUE UB}sog
YSel [eWO)eULIDp JuIOdRA
poroidw]  jusunEal) [BIANUY ouoN  uuojiediay [njured skep 9 AIAOD VNYJW /6L uoueqaT 19150z sadioH [9c1] B0 PIT
(122139) S9sed G JO
Skl [eWOo)euLIdp (skep L QUIDIBAGT-AIAOD 1odar v [6e1] TR 19
QUON QUON QuoN  uuojnedioy [njured uey) ss9f ) 91-T1 VNYNW 29791 ING €= 86-6¢ uredg 10150z sodloH  Zouuil-zonSLIpoy
yoeq 1oddn
339 9Y) UO Ysel sno)
-euwroyIA 1o pue ref QUId3EA 61-ATAOD [yl
pasoxduy IIAO[OKdR[RA [RIO QUON  -no1saA unojnedioy skep /, VNYW 29291.LNg W/ puepul] 19150z sadioy 193n[3] pue sessa,
uoneurd uoneordwod
QwoonQ juouneal], SurSewoIaN SINJEQJ [eOIUI]D)  -OBA Id)JB uoneIn(y odK) ourooep x9s/a3y  Anuno) [edr3ojoInoN ERliENEI N |

7-A0D-SYVS IsureSe UoneUIIORA Ia)Je 10)50Z sad1oy padofaaap oym ‘syuened pajiodar jo Arewwung 6 ajqel

pringer

A's



Neurological Sciences (2022) 43:3-40

34

paaoxduy

poaoxdwy

pasoxduy

paroxduw

paoaoxduy

SAIVSN

onewo)dwAg

SpIny Al

sping Al

Ja1p AeIpAYoqIed
Y31y e pue %01
9SOIIXOp SNOUAA
-BIJUT SNONUTUOD)

SUOLEOYIO[BD
[eUIIUL YIIMm On
-pou Je[nosnwenur
SunenuapeodAy ©
pamoys 1.0 ‘10)e[
YoM auQ BWIP
Srosnur feuorsaqriad
M d[osnwa
IyoeIq 9y Jo siaqy
[ewrxoxd gy u
9[npou Ienosnwenuy
uonew
-wegur gunespur
JUSWIAOUBYUD
PAIqIYXd d[osnu
“QUAWAOURBYUD
JSENUOD UQ SN0}
-BUIOPA SBM [osnw
PIOY[3P oY ‘TYIN UO

[eULION

QUON

QUON

ssewr o[qeded
pue ssauaios ‘ured
wure raddn jySny

dD
PareAdte yum Suofe
uLe pue I9p[noys
ay) jo uononpqe
Paseardop pue
‘Surprens ‘orosnw
PIOY[OP A} IOAO
SSOUIOPUD) SBM 9JOY],

/N 000°CT

uey) 9IOW [OAJ]

(IdD) aseunjoyd

-soyd surunear)

STy [eraNe] Yo SIY

0} uoneIpeI YIIM
ured yoeq 010AdS

p:10)

PaleAd[d SunIuoA

pue ‘easneu ‘sayoe
Apoq paziferauan)

(V0961

LSV Pue T/11 00¢
171V) $1s9) uonouny
JOAT] paSuerap

Pue 71/0 000°S0T
JO UONBIUIIUOD
3D eIS[eAW pue
‘eLINJBWIAY Yurl)

Y1eaIq JO sSaulIoys

‘FUNTWOA ‘ToAd,]

syjuowr ¢

asop
puodas 193 skep §

Kep 1

skep ¢

yes

W/1s  1zeig

QuIddEA 61-AIAOD

VNYW PYIPON /95 909910

QUIdJBA

61-dIAOD Y3°L

-NOIg/1ozgd 1811 W/1¢ vsn

QUIdJRA 6]

~dIAOD BUISPON

JO 9SOp puodas

N/08 vsn

BOQUOZENSY

QUIdIBA 61-AIAOD W/LT 2N

SUBOYISSO SIISOAA

SIISOAIN

sisK[oAwopqeyy

sIsA[oAwopqeyy

Kouaroyap

11 9seojsuenj£o)

-1ured suniure)

yim juonied € ur
sisK[oAwopqeyy

[L¥1] 'Te 30 Aopon

[9t1]
‘T 19 NOIOPOAY [,

[ST] Te 10 TesseN

(P11 T2 30 YRy

[et1] Te 30 ueL,

QwooInQO

JusuIIRAL],

JurewtomaN

SQINJLR) [BIIUI]D)

uoneurd
-0BA 1)k uoneIng

adK) ouooep X953y  Anuno)

uoned
-1[dwod [esr3ojoInaN

ERIIENEIEN|

T-A0D-SYVS Isurese uorneurodea 3uimo[oj JopIosIp Je[nosnwi 9jnde ue pado[oadp oym ‘sjuoned porrodar jo Arewwing Q| ajqeL

pringer

A's



Neurological Sciences (2022) 43:3-40

35

Post-vaccination Guillain-Barré syndrome generally
affects older adults within 2 weeks of vaccine administra-
tion. Clinical presentation is similar to acute demyelinating
neuropathy; nerve conduction studies show demyelinating
pattern, and CSF examination shows cyto-albuminic dis-
sociation. Many patients present only with facial diplegia.
Response to immunotherapy is generally good. (Table 7)
[110-126].

Proposed pathogenesis of Guillain-Barré syndrome is an
autoantibody-mediated immunological damage of peripheral
nerves via mechanism of molecular mimicry between struc-
tural components of peripheral nerves and the microorgan-
ism. Lately, several cases of Guillain-Barré syndrome fol-
lowing COVID-19 vaccination have also been reported.

Small fiber neuropathy

Waheed et al. described a 57-year-old female, who presented
with painful neuropathy following administration of the
mRNA COVID-19 vaccine. Patient subacutely presented
with intense peripheral burning sensations. Electrodiag-
nostic studies were normal. Skin biopsy proved small fiber
neuropathy. Patient responded to gabapentin.(Table 7) [127].

Parsonage-Turner syndrome

Parsonage-Turner syndrome or neuralgic amyotrophy is
clinically manifested with acute unilateral shoulder pain fol-
lowed by brachial plexopathy. Parsonage-Turner syndrome
is usually triggered by any infection, surgery, or rarely vac-
cination. In many reports, Parsonage-Turner syndrome has
been described following COVID-19 vaccination.(Table 8)
[128-130].

Herpes zoster

Herpes zoster occurs following reactivation of varicella zos-
ter virus. Patients with herpes zoster present with the classic
maculopapular rash, which is unilateral, confined to a single
dermatome. The rash disappears in 7 to 10 days. Posther-
petic neuralgia is the frequent complication of herpes zoster,
which is noted in 1 in 5 patients. McMahon and co-workers
recorded 414 cutaneous reactions to mRNA COVID-19 vac-
cines, and 5 (1.9%) were diagnosed with herpes zoster [131].
Other types of COVID-19 vaccines are infrequently associ-
ated with post-vaccination reactivation of herpes zoster. It
has been suggested that vaccine-induced immunomodula-
tion, resulting in dysregulation of T cell function, is respon-
sible for reactivation of herpes zoster virus [132, 133].
Reports of herpes zoster reactivation after vaccine against
SARS-CoV-2 are summarized in Table 9 [134-142].

Myositis and rhabdomyolysis

There are reports, which have indicated that COVID-19
vaccines have potential to damage the skeletal muscles as
well (Table 10) [143-147]. Tan and colleagues described a
patient with a known carnitine palmitoyltransferase-II defi-
ciency disorder, who developed fever, vomiting, shortness
of breath, frank haematuria, myalgia and muscle weak-
ness within four hours of receiving AstraZeneca COVID-
19 vaccine [143]. Theodorou and colleagues described a
56-year-old woman who, 8 days after a second dose of
vaccine administration, developed severe left upper arm
pain along restricted shoulder movements. Her serum cre-
atine kinase was elevated suggesting skeletal muscle dam-
age. MRI revealed severely edematous deltoid muscles.
Contrast-enhanced imaging demonstrated enhancement of
deltoid muscles suggestive of myositis [146].

Conclusion

Post-authorization, a wide spectrum of serious neurologi-
cal complications has been reported following COVID-
19 vaccination. The most devastating neurological com-
plication is cerebral venous sinus thrombosis that has
been reported in females of childbearing age following
adenovector-based vaccines. Another major neurological
complication of concern is Bell’s palsy that was reported
dominantly following mRNA vaccine administration.
Transverse myelitis, acute disseminated encephalomyeli-
tis, and Guillain-Barré syndrome are other severe unex-
pected post-vaccination complications that can occur as
result of molecular mimicry and subsequent neuronal dam-
age. Most of other serious neurological complications are
reported in either in form of isolated case reports or small
cases series. A causal association of these adverse events
is controversial; large collaborative prospective studies are
needed to prove causality.
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