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Abstract: The devastating characteristic of COVID-19
pandemic calls for immediate and effective solutions to
tackle it. Vaccines seem to be the only promising and effec-
tiveway to fight against the novel coronavirus– even against
newmutated variants. Because of the rapid development and
distribution of numerous COVID-19 vaccines in different
platforms, meticulous evaluation of vaccines’ safety is more
critical than ever – especially given the fact that most of the
candidates have not completed the clinical phase. Therefore,
to optimize the vaccines’ safety and efficacy, it is highly
important to carefully report and scientifically discuss the
serious adverse effects following vaccination. In this respect,
we discuss different neurological and neuropsychological
adverse effects of COVID-19 vaccines including demyelin-
ating diseases, Bell’s palsy (BP), cerebrovascular complica-
tions, seizures, functional neurological disorders (FNDs), and
some other rare adverse events, and hypothetical mecha-
nisms which can lead to the reported side effects. Given the

fact that the incidence of such events are rare and most of
them are treatable, the current review aims to shed light on
how much the relationship between COVID-19 vaccines and
these complications canbe reliable andprovide an insight for
future studies with much more meticulous methodologies to
discuss the possible correlational or causal relationship be-
tween these complications and COVID-19 vaccines and
elucidate whether or not the neurological side effects of se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
vaccines can count as a considerable threat to public health.

Keywords: cerebrovascular complications; COVID-19
vaccines; demyelinating diseases; neurological complica-
tions; SARS-CoV-2.

Introduction

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is a novel member of Coronaviridae family,
which first emerged in Wuhan, China in December 2019.
Like the two other human coronaviruses that appeared in
2002 and 2012 respectively, SARS-CoV-2 is an enveloped,
single-stranded, and positive-sense RNA virus responsible
for a potentially fatal respiratory infection in humans
(Hu et al. 2021; Saghazadeh and Rezaei 2020). In January
2020, the World Health Organization (WHO) announced
the SARS-CoV-2 outbreak as a public health emergency of
international concern (PHEIC). Later on, in February 2020,
WHO named the corresponding disease COVID-19 and
finally declared it as a pandemic in March 2020 (Hanaei
and Rezaei 2020). At the time of writing this manuscript,
the cumulative number of confirmed COVID-19 cases has
surpassed 328 million people and over 5.5 million in-
dividuals have died because of this disease worldwide
(Organization 2022).

So far, several strategies have been implemented to
overcome the disease at both levels of prevention and
treatment including social distancing, wearing masks,
pharmacological interventions, oxygen therapy, and
invasive methods such as endotracheal intubation and
mechanical ventilation. However, among currently avail-
able solutions, vaccines seem to be themost promising and
effective way to fight against the virus – even against new
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mutated variants (Chen and Lu 2021; Cohen and Corey
2020; Parasher 2021; Sanderson 2021).

Although common side effects following vaccination
usually reflect its effectiveness and efficient immune
response, severe reactions to vaccines may also occur
(Andrzejczak-Grządko et al. 2021; Sharifian-Dorche et al.
2021). Similarly, COVID-19 vaccines are not exceptions, and
common side effects including pain in the site of injection,
fatigue, fever and chills, headache, nausea, myalgia, and
swollen lymph nodes have been reported in this regard
(Andrzejczak-Grządko et al. 2021). However, there are also
dozens of reports concerning severe adverse effects of
SARS-CoV-2 vaccines, a well-known example of which is
vaccine-induced immune thrombotic thrombocytopenia
(VITT) (Sharifian-Dorche et al. 2021). Similar to neurolog-
ical sequelae of novel coronavirus disease, it is also hy-
pothesized that COVID-19 vaccines may not be without
neurological complications (Finsterer and Scorza 2021).
The current review aims to provide insight into different
kinds of serious neurological and neuropsychological
adverse effects reported after COVID-19 vaccination and
discuss whether or not clinicians’ attention should be
drawn in this respect. Since such events are rare and most
of them can be treated, further studies with much more
meticulous methodologies are needed to discuss the
possible correlational or causal relationships between the
aforementioned complications and COVID-19 vaccines and
shed the light on whether or not the neurological and
neuropsychological adverse effects of SARS-CoV-2 vac-
cines can count as a considerable threat to public health.

Methods

We searched for all types of documents in PubMed, Scopus, and Web
of Science, using the keywords including “SARS-CoV-2 vaccines,”
“COVID-19 vaccines,” “COVID-19 vaccination,” “neurological,”
“neuropsychological,” “side effects,” and “adverse effects.” Based
on the neurological and neuropsychological adverse effects yielded in
the initial search, we completed our search strategy and searched
for the documents which discussed the relationship between the
aforementioned conditions and COVID-19 vaccines in all platforms
undergone clinical studies. Although we aimed to comprehensively
review the neurological complications of COVID-19 vaccines, the se-
lection strategy of the studies was not strictly defined since our paper
was a narrative – and not a systematic – review.

COVID-19 vaccines

Shortly after the emergence of SARS-CoV-2, different
COVID-19 vaccine candidates were introduced and entered

the clinical trials to be assessed in cases of efficacy and
safety (Tregoning et al. 2020). According to the WHO’s
latest updates on COVID-19 vaccines on January 14, 2022
(World Health Organization 2021), a total number of 333
vaccine candidates have been developed in different plat-
forms, 139 of which are currently at the clinical phase. The
detailed number of vaccine candidates in different plat-
forms and phases is depicted in Figure 1. Although the
development of numerous types of vaccines could be a
promising tool to put an end to the pandemic, meticulous
evaluation of vaccines’ safety is more critical than ever –
especially given the fact that most of the candidates have
not completed the clinical phase (Figure 1). This calls for
determination to carefully report and scientifically discuss
the serious adverse effects following vaccination. There-
fore, vaccine recipients’monitoring and follow up to detect
complications is of great importance for further develop-
ment and optimization of vaccines’ efficacy and safety.

Neurological and
neuropsychological complications
following COVID-19 vaccines

Safety concerns about post-immunization neurological
complications have always been a controversial issue and
are not merely restricted to COVID-19 vaccines (Miravalle
et al. 2010). Based on the chart illustrated in Figure 1, most
of the COVID-19 vaccines use the same platforms as other
previous vaccines. In other words, it is somehow accepted
that the side effects of COVID-19 vaccines resemble previ-
ous ones. Table 1 shows different non-COVID-19 viral vac-
cines that have triggered serious neurological outcomes.

Another reason, which can theoretically justify the
possibility of the incidence of neurological adverse effects
following SARS-CoV-2 vaccines, is the characteristic of the
virus itself. SARS-CoV-2usesangiotensin-converting enzyme
2 (ACE-2) receptor and transmembrane serine protease 2
(TMPRSS2) to enter the target cell with the help of spike
protein (S protein). Studies show that high concentrations of
both ACE-2 and TMPRSS2 are expressed in the central ner-
vous system (CNS) (Hu et al. 2020; Yachou et al. 2020).
Therefore, it is expected that SARS-CoV-2, just like other
human coronaviruses, induces different neurological com-
plications in infected individuals. Table 2 reviews the most
important neurological complications that occurred as a
result of acute infection with different coronaviruses
(Algahtani et al. 2016; Almqvist et al. 2020; Anghelina et al.
2009; Arabi et al. 2015; Desforges et al. 2019; Fazzini et al.
1992; Foleyet al. 2003;Mora-Díaz et al. 2019;Nagu et al. 2021;
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Figure 1: The categorized number of vaccine candidates undergoing clinical phase (declared by WHO).
PS, protein subunit; VVnr, viral vector (non-replicating); IV= inactivated virus; VVr, viral vector (replicating); VLP, virus-like particle;
APC, antigen presenting cell; LAV, live attenuated virus; BacAg-SpV, bacterial antigen-spore expression vector.

Table : Neurological complications of major non-COVID- viral vaccines having similar structures.

Type of vaccine Type of complications The vaccine
design platform

References

Influenza Guillain–Barré syndrome, transverse myelitis, neu-
romyelitis optica, acute disseminated encephalo-
myelitis, Bell’s palsy, abducent nerve palsy, multiple
sclerosis, stroke, giant cell arteritis, seizure, brachial
plexus neuritis, olfactory dysfunction, functional
neurological disorder

Inactivated virus Miravalle et al. (), Principi and Esposito
(), Agmon-Levin et al. (), Cho et al.
(), Huynh et al. (), Stowe et al. (),
Leiderman et al. (), Piyasirisilp and Hema-
chudha (), Famularo et al. (), Li et al.
(), Shaikh et al. (), Doty et al. (),
and Reismann and Singh ()

Hepatitis B Guillain–Barré syndrome, transverse myelitis, neu-
romyelitis optica, acute disseminated encephalo-
myelitis, Bell’s palsy, abducent nerve palsy,
hemorrhagic stroke, brachial plexus neuritis, cere-
bellar ataxia, multiple sclerosis, encephalitis,
myasthenia gravis

Protein subunit Miravalle et al. (), Agmon-Levin et al.
(), Heekin et al. (), Huynh et al. (),
Alp et al. (), Grewal and Zeid (), Niu
et al. (), and Shaw et al. ()

Measles-mumps-
rubella (MMR)

Guillain–Barré syndrome, transverse myelitis, acute
disseminated encephalomyelitis, abducent nerve
palsy, seizure, aseptic meningitis, panencephalitis,
autism, sensorineural hearing loss, parkinsonism

Live attenuated
virus

Principi and Esposito (), Agmon-Levin
et al. (), Huynh et al. (), Bourtoula-
maiou et al. (), Li et al. (), and Mir-
avalle et al. ()

Japanese
encephalitis

Seizure, encephalitis, transverse myelitis, acute
disseminated encephalomyelitis, neuromyelitis
optica, parkinsonism, multiple sclerosis

Inactivated virus,
live attenuated
virus

Miravalle et al. (), Agmon-Levin et al.
(), Huynh et al. (), Furukawa et al.
(), and Plesner et al. ()

Varicella Autism, encephalitis, stroke, cerebellar ataxia,
stroke, headache, aseptic meningitis, neuropathies,
myelitis, ventriculitis, Reye’s syndrome, seizure

Live attenuated
virus

Miravalle et al. (), Piyasirisilp and
Hemachudha (), MacDonald et al. (),
and Spencer et al. ()

Human
papillomavirus

Guillain–Barré syndrome, neuromyelitis optica,
Bell’s palsy, brachial plexus neuropathy, headache,
syncope, complex regional pain syndrome, postural

Protein subunit Spencer et al. (), Menge et al. (),
Cameron et al. (), Debeer et al. (),
Frisch et al. (), Barboi et al. (),
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Sharifian-Dorche et al. 2020; Sharma et al. 2019; Tsai et al.
2004; Whittaker et al. 2020; Yeh et al. 2004).

Given the fact that adequate production of S antigen in
the body is an important factor for COVID-19 vaccines to
trigger an efficient immune response, it is theoretically
accepted that these vaccines can lead to certainneurological
adverse effects – a common example of which is headache.

On the other hand, it is undeniable that COVID-19
pandemic caused a huge psychological burden and exac-
erbated mental health issues within societies (Cooke et al.
2020). Considering this amount of anxiety and stress, it can
be theoretically accepted that the incidence of psychoso-
matic disorders may increase. As studies show, the inci-
dence of conversion disorder may increase as a result of
global stressors including natural disasters and terrorism.
These stressors can also exacerbate the condition in
already affected patients (Fasano and Daniele 2021).

Since the development of COVID-19 vaccines, related
common side effects have been reported. In this regard, ex-
pectedminor neurological complications including dizziness,
headache, andparesthesiahavebeenwidelymentioned (Goss
et al. 2021). Nevertheless, scientists’ attentionwas drawnmore
specifically when two cases of transverse myelitis (TM) were

reported in individuals having received ChAdOx1 vaccine.
Although one of them had an underlying neurological con-
dition (Goss et al. 2021), further reports of post-vaccination
neurological complications raised concerns about whether
there could be a causal link between COVID-19 vaccines and
the aforementioned adverse effects. Even though no neuro-
logical condition counts as a definite contraindication to
vaccination against SARS-CoV-2 (Goss et al. 2021), the occur-
rence of conditions such as Guillain–Barré syndrome (GBS),
conversion disorder, and facial palsy may raise the clinical
awareness toward neurological side effects of COVID-19 vac-
cines (Finsterer and Scorza 2021). Due to the diversity of these
complications, they are divided into different groups (sum-
marized in Table 3) and elaborated on possible causal or
correlational relationships between these rare conditions and
COVID-19 vaccines.

Demyelinating diseases

Demyelinating diseases are defined as inflammatory dis-
orders, leading to loss of myelin sheaths, which is usually
accompanied by intactness of axons. These types of

Table : (continued)

Type of vaccine Type of complications The vaccine
design platform

References

tachycardia syndrome, autonomic dysfunction,
seizure, narcolepsy, vitiligo, myasthenia gravis,
cerebellar ataxia, acute disseminated encephalo-
myelitis, acute chorea

Hviid et al. (), Yonee et al. (), Wild-
emann et al. (), and Decio et al. ()

Smallpox Guillain–Barré syndrome, transverse myelitis, acute
disseminated encephalomyelitis, Bell’s palsy,
strokes, multiple sclerosis, poliomyelitis-like syn-
drome, headaches, encephalitis, aseptic meningitis,
Parsonage-Turner syndrome, vertigo

Live attenuated
virus

Miravalle et al. (), Principi and Esposito
(), Agmon-Levin et al. (), Huynh et al.
(), and Sejvar et al. ()

Poliovirus Guillain–Barré syndrome, transverse myelitis, acute
disseminated encephalomyelitis, Parsonage-Turner
syndrome, seizure, vaccine-associated paralytic
poliomyelitis, encephalitis

Inactivated virus,
live attenuated
virus

Miravalle et al. (), Principi and Esposito
(), Agmon-Levin et al. (), Huynh et al.
(), Berglund (), and Tian et al. ()

Rabies Neuromyelitis optica, ascending paralysis, head-
ache, vertigo, meningomyeloradiculitis, meningor-
adiculitis, meningomyelitis, transverse myelitis,
acute disseminated encephalomyelitis, seizure,
meningoencephalitis, acute inflammatory demyelin-
ating polyradiculoneuropathy, radiculitis, stroke

Inactivated virus Agarwal et al. (), Latimer et al. (), Bahri
et al. (), Agmon-Levin et al. (), Huynh
et al. (), Swaddiwuthipong et al. (),
Tullu et al. (), and Miravalle et al. ()

Yellow fever Neuromyelitis optica, abducent nerve palsy, seizure,
acute disseminated encephalomyelitis, transverse
myelitis, meningoencephalitis, Guillain–Barré syn-
drome, Vogt-Koyanagi-Harada, meningomyelor-
adiculitis, multiple sclerosis, herpes zoster,
hemorrhagic fever

Live attenuated
virus

Esmanhotto et al. (), Goldstein et al.
(), Bayão et al. (), Beirão et al. (),
Campos et al. (), El Nawar et al. (),
Farez and Correale (), Bayas et al. (),
and Miravalle et al. ()
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disorders can occur due to either direct damage to myelin
sheaths or impairment of the myelin-producing cells.
Different pathologies can be described as demyelinating
disorders. Therefore, diagnosing the exact subtype relies
on physical examination, clinical history, neuroimaging,
CSF analysis, and neurophysiological studies (Love 2006;
Popescu and Lucchinetti 2012). Discussing in the context of
SARS-CoV-2 vaccines, various types of demyelinating dis-
orders have been reported so far.

Guillain–Barré syndrome

GBS is an acute autoimmune neuropathy that mostly
occurs after infections. It is assumed that adverse
autoimmune reactions against the peripheral nervous
system (PNS) play a major role in the pathogenesis of
this syndrome (Willison et al. 2016; Yazdanpanah and
Rezaei 2022). It should be mentioned that although GBS
is discussed under the section related to demyelinating

Table : Neurological complications reported to happen as a result of acute infection with Coronaviridae family in both human and animal
studies.

SARS-CoV- MERS-CoV SARS-CoV- Endemic human
coronaviruses

Coronaviruses infecting
animals

Neurological
symptoms and
signs

Seizure, head-
ache, neuropathy,
olfactory impair-
ment, myalgia,
dizziness

Seizure, headache,
altered conscious-
ness (coma),
ataxia, focal motor
deficits, vertigo,
and dizziness

Seizure, headache, dizzi-
ness and vertigo, ataxia,
cerebral edema, anosmia,
aguesia, visual agnosia,
delirium and hallucination,
impaired vision, hypore-
flexia, myalgia, neuralgia,
leg stiffness, altered
consciousness

Headache and dizziness
(HCoV-OC), paresis
and paralysis
(HCoV-OC), seizure
(HCoV-OC, HCoV--
E, HCoV-HKU and
HCoV-NL), dysphagia
(HCoV-OC), cerebral
edema (HCoV-NL),
speech dysfunction
(HCoV-OC)

Lethargy (FCoV),
nystagmus (FCoV), cere-
bellar ataxia (FCoV),
coma (FCoV), paresis
and paralysis (FCoV),
abnormal behavior
(FCoV), seizure (FCoV)

Cerebrovascular
conditions

Stroke Stroke, intracranial
hemorrhage

Ischemic and hemorrhagic
stroke, cerebral venous si-
nus thrombosis, CNS
vasculitis, transient
ischemic attack

Vasculitis (FCoV)

Neuromuscular
disorders

Myopathy, critical
illness
polyneuropathy

Critical illness
polyneuropathy

Myasthenia gravis exacer-
bation, myopathy, critical
illness polyneuropathy

Demyelinating or/
and inflammatory
conditions

Guillain–Barré
syndrome,
encephalitis

Guillain–Barré syn-
drome, Bick-
erstaff’s
encephalitis

Acute disseminated
encephalomyelitis, Guil-
lain–Barré syndrome,
Miller-Fisher syndrome,
transverse myelitis, neuro-
myelitis optica, encephali-
tis, meningitis,
meningoencephalitis, acute
hemorrhagic necrotizing
encephalopathy, posterior
reversible encephalopathy
syndrome

Guillain–Barré syn-
drome (HCoV-OC),
meningitis (HCoV-OC),
acute disseminated
encephalomyelitis
(HCoV-OC), multiple
sclerosis (HCoV-OC
and HCoV-E)

Encephalomyelitis
(PHEV, MHV-JHM and
MHV-A, FCoV), menin-
gitis (FCoV) ependymitis
(FCoV), animal model
multiple sclerosis
(MHV-JHM and
MHV-A)

Cranial
neuropathies

Olfactory
dysfunction

Bell’s palsy, abducent nerve
palsy, sensorineural hear-
ing loss, olfactory dysfunc-
tion, trigeminal neuropathy,
glossopharyngeal neuralgia

Facial nerve palsy as a
result of GBS
(HCoV-OC)

Functional
disorders

Conversion disorder

SARS-CoV, severe acute respiratory syndrome coronavirus; MERS-CoV, middle east respiratory syndrome; HCoV, human coronavirus;
FCoV, feline coronavirus; PHEV, porcine hemagglutinating encephalomyelitis virus; MHV, mouse hepatitis virus.
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disorders, other presentations of GBS may involve
axonal injury – as is the case with acute motor axonal
neuropathy (AMAN) (Malek and Salameh 2019). The
clinical presentations of GBS may include bilateral limb
weakness, cranial neuropathies, hypo/areflexia, auto-
nomic dysfunction, paresthesia, and paralysis (Malek
and Salameh 2019; Willison et al. 2016). The progressive
and life-threatening characteristic of GBS necessitates
an immediate clinical care and attention. Intravenous
immunoglobulin (IVIg) and plasma exchange have been
proven to be effective strategies in most cases of GBS
(van den Berg et al. 2014).

GBS can also occur after COVID-19 infection, mostly
in its classic form, which is acute inflammatory demye-
linating polyneuropathy (AIDP) (Abu-Rumeileh et al.
2021). However, the link between GBS and novel corona-
virus vaccines is controversial and remains to be estab-
lished (Lunn et al. 2021). So far there have been several
reports of GBS following vaccination against SARS-CoV-2
(Oo et al. 2021; Woo et al. 2021). It is not well understood
how COVID-19 vaccines can induce GBS. One theory
highlights the key role of autoimmune reactions caused
by the cross-reactivity between vaccine epitopes and
antigens located onmyelin sheaths. In a detailedmanner,
it is hypothesized that S protein, which is produced as a
result of immunization against SARS-CoV-2, can bind to
the sialic acid located on the gangliosides and glycopro-
teins of the neurons’ cell membrane. Therefore, anti-
bodies attacking to S proteins might also respond against
the antigens on the myelin sheaths (Karimi et al. 2021;
López-Hernández et al. 2022).

Although rare, the occurrence of GBS cases after
administration of COVID-19 vaccines, especially in in-
dividuals with no history of prior infection (Matarneh et al.
2021; McKean and Chircop 2021; Rao et al. 2021; Razok et al.
2021; Trimboli et al. 2021), may hypothesize a possible
causal association between GBS and COVID-19 vaccines. In
addition, there is also an observational study demon-
strating an increase in the number of GBS cases to a sig-
nificant extent, which strengthens vaccine safety concerns
(Woo et al. 2021). Furthermore, increase in the number of
post-vaccination GBS cases with age (Li et al. 2021) may
suggest certain predispositions to such side effects. On the
other hand, the association between GBS and other vac-
cines, such as swine flu vaccine (Oo et al. 2021), may also
strengthen COVID-19 vaccine apprehension. Although the
benefits of global vaccination dramatically outweigh the
risk of contracting GBS (Lunn et al. 2021), further studies
with larger populations should be conducted to reach the
most conclusive results.

Transverse myelitis

TM is a term referring to a group of conditions with an
inflammatory character, leading to spinal cord impair-
ment. Since the spinal cord is affected in TM, sensory,
motor, and autonomic symptoms occur. Similar to GBS, TM
can develop after infections and vaccination. However,
other etiologies including paraneoplastic syndromes,
systemic autoimmune disorders, drug toxicity, and demye-
linating conditions such as multiple sclerosis (MS) and neu-
romyelitis optica (NMO) may also play a role (Beh et al. 2013;
Frohman and Wingerchuk 2010). Because misdiagnosis of
TM and administration of wrong treatments may worsen the
condition and have serious consequences (Beh et al. 2013),
accurate diagnosis and proper management of TM is of great
importance.

TM counts as one of the neurological sequelae of the
novel coronavirus disease (Ismail and Salama 2021). In
addition, TM has rarely happened following COVID-19
vaccination (Goss et al. 2021). Although the possibility of
coincidence cannot be ruled out considering the rareness
of such event, there are a few points to be considered.

First, previous findings bring up the fact that associa-
tion between TM and vaccination may not be a mere
coincidence (Shah et al. 2018). Second, the acute onset of
symptoms after receiving COVID-19 vaccines (Fitzsimmons
andNance 2021; Gao et al. 2021; Khan et al. 2021) suggests a
temporal association between TM and the vaccines. Third,
there are also several theories that can justify the occur-
rence of TM following COVID-19 vaccination. According to
Agmon-Levin et al. immunization can lead to TM with the
help of the following mechanisms: 1) cross-reaction be-
tween foreign antigens and self-antigens, 2) overactivation
of antigen presenting cells and the subsequent autoim-
mune response, and 3) polyclonal or bystander B cell
activation which can lead to cytokine synthesis and acti-
vation of autoreactive T cells (Agmon-Levin et al. 2009).

With respect to the report of Hirose et al. from a patient
who developed TM following COVID-19 vaccination and
had positive oligoclonal bands only in his CSF and an
intact blood-brain barrier, it is assumed that intrathecal
production of IgG antibodies had initiated the autoimmune
response. Therefore, the third mechanism mentioned
above can explain the occurrence of post-COVID-19 vacci-
nation TM (Hirose et al. 2021).

Moreover, interaction between antibodies against
SARS-CoV-2 spike proteins and tissue proteins, namely
myelin basic protein (MBP), contributes to the initiation of
SARS-CoV-2 autoimmune complications (Vojdani and
Kharrazian 2020). Since these antibodies are also produced
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in response to vaccination, the incidence of such events
following COVID-19 vaccines may not be unlikely.

Nueromyelitis optica

NMO is an autoimmune disorder in connection with optic
neuritis and TM. NMO is mostly triggered by IgG autoanti-
bodies against aquaporin 4 water channels (anti-AQP4).
However, in the minority of cases, IgG autoantibodies
attacking myelin oligodendrocyte glycoproteins are involved
(anti-MOG). The latter autoantibodies are also found in some
patients with acute disseminated encephalomyelitis (ADEM).
In both subtypes, demyelination occurs as a result (Jarius
et al. 2020).

Besides NMO cases following COVID-19 infection
(Batumet al. 2020; Rafique et al. 2021; Shawet al. 2020), only
four cases of NMO following COVID-19 vaccination have
been reported so far (Badrawi et al. 2021; Chen et al. 2021;
Fujikawaet al. 2021;Khayat-Khoei et al. 2021); neither causal
nor correlational association can be established in this re-
gard. Moreover, there is a lack of evidence concerning the
pathophysiology of COVID-19 vaccine-induced NMO, which
challenges presuming a link between COVID-19 vaccines
and NMO. As mentioned earlier, SARS-CoV-2 uses ACE-2
receptors to enter the target cells. One of the tissues inwhich
ACE-2 receptor is highly expressed is the nasal epithelium
(Hamming et al. 2004). Moreover, animal studies also
confirm the presence of AQP4 water channels in the olfac-
tory epithelium and their role in the olfaction mechanism
(Lu et al. 2008; Sørbø et al. 2007). It could be hypothesized
that invasion of SARS-CoV-2 to nasal epithelium and the
subsequent cytokine storm, which is responsible for
recruiting cytotoxic T cells, leads to cell lysis and release of
AQP4 molecules. These released molecules might trigger
humoral response in individualswith the history of previous
NMO attacks or genetic susceptibility to autoimmune dis-
eases. Hence, the occurrence or exacerbation of NMO
following COVID-19 infection could be rationalized. Similar
mechanism might also apply to COVID-19 vaccines as the
inflammatory response is also triggered by immunization.

On the other hand, according to a systematic review
assessing the relationship between NMO and vaccination,
the possibility of such event after vaccination cannot be
totally rejected (Vanood and Wingerchuk 2019). It is also
believed that administration of intravenous methylpred-
nisolone (IVMP) shortly after the onset of an acute attack
can most likely prevent permanent visual sequel (Jarius
et al. 2020). Thus, due to the crucial need for urgent man-
agement, clinicians are advised to bear in mind the pos-
sibility of NMO following vaccination.

Acute disseminated encephalomyelitis

ADEM is another type of demyelinating disorders. Similar
to other demyelinating conditions, immune reactions are
involved in the pathogenesis of ADEM. Immunotherapy
counts as the standard of care in ADEM and could accel-
erate the recovery. ADEM typically affects children (Pohl
et al. 2016).

The association between ADEM and SARS-CoV-2 infec-
tion has already been established (Zamani et al. 2021). There
are also some case reports presenting ADEM occurring after
COVID-19 vaccination (Cao and Ren 2021; Kania et al. 2021;
Rinaldi et al. 2021). Of note, one ADEM-like presentation has
also been reported following coronavirus inactivated vac-
cine (OzgenKenangil et al. 2021).Most of the aforementioned
cases were successfully recovered. Therefore, considering
the proper response of ADEM to immunotherapy and its
association with other vaccines, ADEM may be included in
the differential diagnosis list when approaching to a patient
with neurological signs and symptoms following receipt of
SARS-CoV-2 vaccines.

It remained to be elucidated why ADEM occurs after
vaccination – particularly after COVID-19 vaccines. In-
flammatory responses are usually involved in the immu-
nization process. It is thought that post-immunization
inflammation can lead to cellular or humoral responses
against myelin antigens, including myelin oligodendro-
cyte protein, MBP, and proteolipid protein. Moreover,
increased vascular permeability as a result of inflammation
can lead to hemorrhage and perivascular edema, finally
leading to neuronal damage. Rinaldi et al. also reported a
case of ADEM following immunization against SARS-CoV-2
whose autoantibodies and anti-SARS-CoV-2 IgM titers were
undetectable, which highlights the role of cell-mediated
autoimmunity rather than humoral response (Anilkumar
et al. 2021; Rinaldi et al. 2021).

Cranial neuropathies

Different types of cranial neuropathies are thought to be
related to COVID-19 vaccines – the most well-known of
which is Bell’s palsy (BP) (also known as facial palsy).

BP was one of the first adverse events reported in the
initial phases of the clinical trials of COVID-19 vaccines
(Burrows et al. 2021). Although facial nerve inflammation
may result in demyelination, we deliberate on the possible
link between facial palsy and COVID-19 vaccines under a
separate section due to the abundance of its cases related
to SARS-CoV-2 vaccines. While BP has occurred following
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different types of COVID-19 vaccines, the significant in-
crease in BP incidence after administration ofmRNA-based
vaccines put forward a possible causal association be-
tween BP and mRNA vaccines (Sato et al. 2021).

BP is a peripheral nerve neuropathy, in which the
seventh cranial nerve (CN VII) is affected. In this condition,
unilateral weakness or paralysis of the facial muscles oc-
curs as a result of lower motor neuron involvement. Since
the facial nerve also carries parasympathetic fibers to
salivary and lacrimal glands, a patient with facial nerve
palsy may also experience xerophthalmia and xerostomia.
Without any treatments, about 70% of BP patients will be
completely recovered. While different triggers, including
reactivation of herpes simplex virus and GBS, are assumed
to contribute to the development of BP, its precise etiology
remains to be recognized (Eviston et al. 2015).

Recent incidence of BP following influenza vaccines
has brought to scientists’ attention the possibility of devel-
oping BP after vaccination. On the other hand, a noticeable
number of BP cases having receivedmRNA-based COVID-19
vaccines reinforces the link between vaccination and BP.
According to an analysis of self-reporting cases based
on Vaccine Adverse Event Reporting System (VAERS), a
statistically significant relationship between BP and
mRNA-based SARS-CoV-2 vaccines can be established.
However, due to thebiases inherent in self-reporting system,
any conclusion should be drawn cautiously in this respect
(Sato et al. 2021). Moreover, given the harmless and
manageable nature of this condition, public stress con-
cerning this complication should not lead to vaccine hesi-
tancy within societies.

Suggested mechanisms of the association between
mRNA vaccines and BP assumes that the combination of
mRNA and lipid nanoparticles in these kinds of vaccines
may contribute to the production of specific interferons as
a result of innate immune response. These interferons
along with other cytokines (cytokine storm) can in turn
lead to bystander activation of cytotoxic T cells and lead to
direct neuronal damage. Moreover, the cytokine storm it-
self can induce an inflammatory state, leading to conges-
tion and ischemia of the facial nerve at the site of
geniculate ganglion (Ozonoff et al. 2021; Warner et al.
2021). Putting together, these mechanisms are thought to
lead to vaccine-induced BP.

BP is not the only cranial neuropathy occurring
following COVID-19 vaccination. In this regard, there have
been cases of abducent nerve palsy (Reyes-Capo et al.
2021), olfactory dysfunction (Keir et al. 2021; Konstantinidis
et al. 2021), sensorineural hearing loss (Jeong and Choi
2021; Tsetsos et al. 2021), and NMO (Badrawi et al. 2021;
Chen et al. 2021; Fujikawa et al. 2021; Khayat-Khoei et al.

2021). Detailed information about these conditions and
their relation to COVID-19 vaccines are provided in Table 3.

Cerebrovascular complications

Since the emergence of SARS-CoV-2, a number of infected
patients have experienced cerebrovascular complications
(Mishra et al. 2020). It is known that SARS-CoV-2, similar to
other coronaviruses, enters the target cells via ACE-2 recep-
tor. Given the expression of ACE-2 receptor in different parts
of the human body including endothelia (Mishra et al. 2020),
vascular injury as a consequence of COVID-19 infection may
lead to a hypercoagulable state (Kichloo et al. 2020), causing
life-threatening complications in different organs.

However, the presence of such complications in the
context of COVID-19 vaccination raised questions about the
possible underlying mechanism and safety concerns
(Sharifian-Dorche et al. 2021). It is known that VITT can
contribute to the clot formation after administration of
SARS-CoV-2 vaccines (Sharifian-Dorche et al. 2021).
Although VITT has also occurred followingmRNA vaccines,
it is mostly connected with the vaccines containing adeno-
viral vectors (Sharifian-Dorche et al. 2021). The mechanism
of VITT is somehow similar to heparin-induced thrombo-
cytopenia. In other words, VITT is a variant of autoimmune
heparin-induced thrombocytopenia (aHIT) (Arepally and
Ortel 2021), in which IgG autoantibodies binds to the com-
plex of heparin and platelet factor 4 (PF4). Then the new-
formed complex binds to FcRγIIA receptors located on
platelets. As a result, platelets are activated and a coagu-
lation cascade is initiated, leading to thrombocytopenia
(Arepally and Ortel 2021; Sharifian-Dorche et al. 2021).

VITT is thought to happen in a similar way (Figure 2). It
is postulated that the DNA particle assembled in the
adenovirus-based vaccines makes a complex with PF4 and
anti-PF4. Then, the aforementioned complex binds to
platelets FcRγIIA receptors. Consequently, platelet micro-
particles are released and the coagulation process is initi-
ated (Sharifian-Dorche et al. 2021). Although any organ can
be involved in VITT theoretically, it typically affects cere-
bral and splanchnic veins in cases related to SARS-CoV-2
vaccines (Arepally and Ortel 2021; Sharifian-Dorche et al.
2021). In the following sections, three cerebrovascular
conditions that occur as a result of VITT are covered.

Cerebral venous sinus thrombosis

Cerebral venous sinus thrombosis (CVST) is a type of ce-
rebrovascular disorder which, contrary to arterial strokes,

732 M.M. Aliasin et al.: Neurological complications of COVID-19 vaccination



mostly affects the youth (Stam 2005). Symptomsmay differ
based on the site of the affected vein. Nevertheless, head-
ache is the most common symptom associated with CVST.
As the condition progressed, focal neurological signs may
also occur as a result of seizure and cerebral venous
infarction. Early diagnosis and timely management of
CVTS may increase the chance of complete recovery
(Sharifian-Dorche et al. 2021).

CVST has been reported following administration of
COVID-19 vaccines. As mentioned earlier, VITT triggered by
COVID-19 vaccines has a propensity to cause thrombosis in
splanchnic and cerebral veins. In this regard, a recognizable
number of individuals have presented with CVST after
receiving SARS-CoV-2 vaccines – especially adenovirus-
based ones. According to a recent systematic review, out of
the total number of 49 patients presented with CVST after
administration of ChAdOx1 nCoV-19 and Ad26.COV2 vac-
cines, 19 of them died, highlighting the life-threatening
characteristic of CVST (Sharifian-Dorche et al. 2021).
Although headache is a common side effect of COVID-19
vaccines, prolonged headaches accompanied by symptoms
such as blurred visionmay be an alarm symptom of CVST in
individuals vaccinated with adenoviral vector vaccines. If
the aforementioned symptoms coexist with VITT manifes-
tations, including petechiae, easy bleeding and bruising,
the clinical suspicion toward post-vaccination CVST is
strengthened (Sharifian-Dorche et al. 2021).

Due to the potential fatal nature of VITT, any related
symptoms presenting up to fourweeks after administration
of adenoviral vector vaccines should be clinically

investigated (Arepally and Ortel 2021). Once diagnosed,
VITT should be carefully managed (Figure 3).

Administration of non-heparin anticoagulants along
with high-dose IVIg (1 g/kg daily for at least two days) is the
first-line therapy for VITT. IVIg inhibits platelet activation by
hindering anti-PF4 antibodies from binding to FcRγIIA re-
ceptors. As a result, platelet count comes back to normal.
Expert opinions indicate that high-dose glucocorticoids may
increase the platelet count as well. Plasmapheresis is another
option, which can decrease the levels of autoantibodies
contributing to the hypercoagulable state. Of note, platelet
transfusion and administration of heparinmust be avoided in
VITT patients because of the risk of further platelet activation
and coagulation. It is shown that platelet transfusion signif-
icantly increases the mortality rate and the risk of arterial
thrombosis in HIT patients and it may be considered only in
case of severe bleeding. Aspirin and P2Y12 inhibitors are not
recommended due to the lack of evidence. Invasive in-
terventions, including thrombectomy, are recommended in
patients whose condition worsens despite receiving routine
treatments (Arepally and Ortel 2021; Ferro and Canhao 2014;
Pai et al. 2021; Rizk et al. 2021; Sharifian-Dorche et al. 2021).

Ischemic stroke and hemorrhagic stroke

According to the Centers for Disease Control and Preven-
tion (CDC), the two major types of strokes are ischemic
stroke and hemorrhagic stroke. Ischemic stroke happens
when the blood is not properly supplied to the brain while
the other type of stroke (hemorrhagic stroke) occurs when

Figure 2: Vaccine-induced thrombotic thrombocytopenia pathophysiology (created by mindthegraph.com).
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blood leaks in the brain following arterial rupture or other
causes. The latter is also divided to two subtypes, namely
intracranial hemorrhage (ICH) and subarachnoid hemor-
rhage (SAH). While ischemic stroke is mostly caused by
thromboembolic events, conditions such as hypertension
and aneurysmmay lead to hemorrhagic stroke (Centers for
Disease Control and Prevention 2021).

Although the incidence rate of ischemic stroke is
generally more than CVST, in case of VITT triggered by
COVID-19 vaccination quite the opposite is true. In other
words, because VITT mostly occurs in veins, the incidence
of ischemic stroke following COVID-19 vaccines are rela-
tively unlikely. Nevertheless, there are a few reports of
ischemic strokes due to arterial thrombosis following
VITT – particularly affecting middle cerebral arteries
(Sharifian-Dorche et al. 2021).

In case of hemorrhagic stroke, the situation is
different given the possibility of its occurrence following
CVST. Increased intracranial pressure as a consequence of
CVSTmay lead to cerebral edema and the leakage of blood
into the brain. CVST can be complicated by both ICH and
SAH. Therefore, timely and proper management of CVST
may also prevent from such complications. Although us-
ing anticoagulants in case of CVST can increase the

chance of brain hemorrhage, its risk noway outweighs the
risk of life-threatening problems occurring as a result of
thrombus progression. Therefore, ICH and SAH in CVST
patients are not considered as contraindications for
anticoagulant therapy. In fact, appropriate management
of CVST can significantly reduce the risk of other serious
neurological sequelae.

Seizure

The association between vaccination and seizure is not a
newly emerging issue. Although vaccine-induced seizure
is not considered as a distinct neurological disease and it
occurs as an indirect consequence of other neurological
conditions related to vaccines, we discuss it in a separate
section due to its important link with vaccination, as an
indirect effect induced by other adverse effects of COVID-19
vaccination. Vaccination is the second leading cause of
febrile seizures (FS) (also known as fever-induced seizures)
which are defined as the seizures happening up to 72 h
following a vaccine shot (Li et al. 2018). Prolonged FS is
considered as a risk factor for temporal epilepsy. Although
the exact physiopathology of FS is not fully understood,

Figure 3: Management of vaccine-induced thrombotic thrombocytopenia.
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animal studies suggest that alterations in specific ion
channels along with increased neuronal firing triggered by
certain cytokines may account for the development of FS.
Moreover, genetic factors including mutations in γ2 sub-
units of GABAA receptor and sodium channels, and
decreasing seizure threshold by some types of cytokines
(especially IL-1) can also account for the development of
fever-induced seizures (Dube et al. 2009; Li et al. 2018).

While there are several reports of FS casesdue topediatric
COVID-19 infection (Smarrazzo et al. 2021), there is a lack of
evidence whether or not SARS-CoV-2 vaccines can trigger
FS (Lu et al. 2021). However, the possible incidence of FS
following COVID-19 vaccination can be attributed to certain
conditions – a well-known example of which is Dravet syn-
drome (DS) (Clayton et al. 2021). DS is an epileptic encepha-
lopathypresentedwithearly-onset FS followedby subsequent
afebrile seizures later in life. According to a national survey
conducted by Clayton et al. a small number of DS patients
complained of an increase in the frequency of seizures after
thefirst doseofCOVID-19vaccines.However, thisnumberwas
notworrisome andDS is not counted as a contraindication for
SARS-CoV-2 vaccines (Clayton et al. 2021).

Seizures happening as a consequence of COVID-19
vaccination mostly occur following other neurological
conditions – and not fever. There are several conditions
which can present with seizure following COVID-19 vacci-
nation. CVST can lead to the blockage of venous circulation
and subsequent cerebral edema, which, in turn, may cause
venous rupture and hemorrhagic stroke. This cascade of
events can lead to acute symptomatic seizures (Mehvari
Habibabadi et al. 2018; Schaller and Graf 2004). Conditions
causing encephalopathy can also predispose individuals
to seizures. For example, Liu et al. reported two cases of
COVID-19 vaccine-induced encephalopathy who devel-
oped seizure in the absence of fever (Liu et al. 2021). It is
postulated that mRNA-based and DNA-based vaccines
induce the production of SARS-CoV-2 S proteins. Interac-
tion between these proteins and ACE-2 receptors reduces
the level of brain-derived neurotrophic factor (BDNF). As a
result, inflammatory responses may increase and induce
seizure (Liu et al. 2021). As another example, Kwon and
Kim reported a case of post-vaccination autoimmune en-
cephalitis after AstraZeneca vaccine in which the patient
had experienced an episode of seizure for the first time in
her life. Seizures recurred after a few weeks as her condi-
tion was exacerbated (Kwon and Kim 2021). Although no
causality can be established in this regard, the relevance of
autoimmune encephalitis to COVID-19 vaccines cannot be
theoretically rejected due to the neurotropism of the
SARS-CoV-2 antigen (Yachou et al. 2020). On the other
hand, given the fact that encephalitis has occurred

following non-COVID-19 vaccines (Huynh et al. 2008), the
possibility of its occurrence after COVID-19 vaccines might
not be totally rejected.

Surprisingly, vaccine-induced seizures can also be
triggered by psychological stressors. As discussed in the
section of functional disorders in this article, psychogenic
non-epileptic seizure (PNES) is considered as a typical
symptom of conversion disorder (Tsui et al. 2017). PNES
can also happen as a consequence of the fear of vaccina-
tion – whose scientific term is immunization stress-related
response (ISRR) (Gold et al. 2020; Lu et al. 2021).

Although seizure should not be considered as a direct
side effect of COVID-19 vaccines, further studies are needed
to shed light on different predispositions, which might
count for the risk factors of vaccine-induced conditions
that might be complicated by seizures in COVID-19 vaccine
recipients.

Other rare neurological
complications

Besides the disorders discussed so far, some patients have
presented with a number of uncommon neurological man-
ifestations, which are thought to have a possible relation to
SARS-CoV-2 vaccines.

Some cases of infrequent and unusual neurological
presentations have been reported in patients vaccinated
against COVID-19. In this regard, there have been cases of
aphasia following administration of both adenoviral
vector-based andmRNA vaccines (Finsterer and Korn 2021;
Sharifian-Dorche et al. 2021), small fiber neuropathy
(Waheed et al. 2021), and other complications including
Tolosa-Hunt syndrome (Chuang et al. 2021) and Parsonage-
Turner syndrome (Queler et al. 2021). Detailed information
about these conditions and their relation to COVID-19
vaccines are provided in Table 3.

Take the note that the rareness of the above-mentioned
complications and other similar conditions in no way de-
nies the possibility of their occurrence post-COVID-19
vaccination. This statement is further emphasized given
the fact that most of them can be properly managed and
leave no significant sequelae if treated opportunely.

Functional neurological disorder

Functional neurological disorder (FND, also called conver-
sion disorder) is usually assumed a non-structural neuro-
psychiatric condition typically characterized by impaired
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neurological function with no accompanied structural pa-
thology (Lehn et al. 2016). According to Diagnostic and Sta-
tistical Manual of Mental Disorders (DSM-5), patients with
FND commonly present with sensory or motor neurological
dysfunction, which is incompatible with the estimated con-
dition at the time of diagnosis. However, the overlap between
FNDs and neurostructural disorders should not be
neglected given the fact that this boundary has become
more obscure these days (Tinazzi et al. 2021a). In addition,
there might also be an overlay between different pheno-
types of FND and therefore patients with FND might pre-
sent with incongruent and varied symptoms such as
paralysis, weakness, dysphagia, and PNES (Tinazzi et al.
2021b; Tsui et al. 2017). FND patients usually suffer
significantly from functional impairments, which makes
harder for them to act normally in different social and
occupational states.

Several risk factors are assumed to have a link with
FNDs. Other than psychological stressors and pre-
dispositions, conditions triggered by physical traumas and
preexisting pain can contribute to the development of
FNDs (Stone et al. 2009). In other words, FNDs can also
happen regardless of the presence of psychological
stressors as main triggers. However, the role of such
stressors and mental conditions should never be under-
estimated in this context.

It is undeniable that the current pandemic has left a
huge psychological burden on the world and a large
number of people has gone through stressful and traumatic
events. According to a meta-analysis conducted by Cooke
et al. (2020), about one fourth of adults are in need of
mental health services during the current pandemic. On
the other hand, misinformation and spread of false beliefs
and exaggeration about potential side effects of vaccines in
the ongoing infodemic has put a large psychological
pressure on societies and exacerbated vaccine hesitancy.

Considering theabove-mentionedpsychological burden,
the incidence of FNDs in the current era may not be unlikely.
Spread of health anxiety and public fear related to COVID-19
along with worldwide quarantine and lockdown on one
hand (Fasano and Daniele 2021), and the widespread misin-
formation and pseudoscientific statements released by anti-
vaxxers on the other hand, are attributed to the emergence
of psychological stressors within different populations. As
mentioned earlier, there is also strong evidence on the fact
that natural disasters and terrorism can increase the inci-
dence rate of FNDs (Fasano and Daniele 2021).

Not surprisingly, different cases of FND have been re-
ported after administration of SARS-CoV-2 vaccines (Ercoli
et al. 2021; Fasano and Daniele 2021). Although a part of
this information is obtained from questionable videos

uploaded on social media (Kim et al. 2021a), there are a few
points which should be taken into consideration.

First, unlike whatmost cliniciansmight think, FND is a
common complaint among outpatient visits in neurology
settings and should not be considered as a diagnosis of
exclusion – especially considering the possibility of the
overlap between FND and different neurological condi-
tions. According to experts, many of the videos uploaded
on media as medical mysteries are FNDs – even those that
are not related to vaccination. Therefore, more awareness
toward FND is necessary in clinical setting (Kim et al.
2021a; Tinazzi et al. 2021a).

Second, the incidence of FND following COVID-19
vaccination should not be interpreted as toxicity of vac-
cines themselves and can even happen after normal saline
injection. In fact, FND is a multi-dimensional disorder and
many known and unknown interconnected biological and
socio-psychological factors can account for this disorder.
Therefore, mental processing of beliefs, emotions and
threats, and aroused attention toward the body may play a
major role in the pathogenesis of FND accordingly. In other
words, abnormal beliefs, such as pseudoscientific beliefs
about devastating side effects of COVID-19 vaccines, may
arouse the attention toward the body and lead to abnormal
motor symptoms. Moreover, given the disturbance of
readiness potentials in FND patients, they might think that
the symptoms are involuntary (Edwards et al. 2012; Kim
et al. 2021a; Voon et al. 2010).

Finally, dissemination of correct information and
proper public education are the key factors to overcome
this issue. Nocebo responses, which are defined as adverse
effects occurring in the placebo arm of randomized
controlled trials, are known to be attributed to the anxiety
and false beliefs people have about vaccines’ adverse ef-
fects. Studies show that providing patients with correct
information regarding nocebo responses may lead to a
reduction in the incidence rate of these responses. There-
fore, while public fear about FND and other nocebo effects
can worsen the vaccine hesitancy, informing people of the
exact nature of FND and safety of the vaccines can build
trust between the healthcare system and the populace. For
example, if people know that FND occurs psychosomati-
cally, and not as a result of vaccination, much of the health
anxiety on this issue will be settled (Haas et al. 2022; Kim
et al. 2021a).

Existing challenges

Undeniably, vaccines are the most effective and practical
way to tackle the current pandemic. However, since they
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are being rapidly distributed and widely used, their safety
is an important matter of issue than ever. Meanwhile,
several challenges have been existed from the early days of
the COVID-19 pandemic in societies’ strategies to combat
the disease and in establishing a firm link between the
associated complications of COVID-19 infection with the
virus, in which the remarkable effect of the infodemic and
numerous invalid report sources could not be neglected
(Mohamed et al. 2021; Yazdanpanah et al. 2020). The same
story has been initiated about COVID-19 vaccination and its
adverse effects.

Although different studies emphasize the fact that
neurological side effects of COVID-19 vaccines are rare (Lu
et al. 2021; Patone et al. 2021), the probability of incidence
of such complications should not be underestimated. In
other words, it should be accepted that COVID-19 vaccines
might not be without neurological complications. Studies
support the fact that individuals receiving SARS-CoV-2
vaccines are statistically more prone to develop neuro-
logical complications (Patone et al. 2021). However, here
are some important points that should be considered.

There are lessons we can learn from previous experi-
ences.Asmentionedearlier, concernsaboutneurological side
effects of vaccines is an old discussion. In 1998, Wakefield
et al. raised thehypothesis thatMMRvaccinationmight cause
autism in children. Since they were working on the associa-
tion between measles vaccine and inflammatory bowel dis-
ease (IBD), the link between autism and IBD found in their
study reinforced their hypothesis. Surprisingly, eight out of 12
children enrolled in their study (who had the history of IBD
and developmental disorders including autism) experienced
exacerbation of their behavioral problems after receiving
MMR vaccine according to their physicians or parents. These
findings and the way media interpreted them resulted in a
huge public fear of MMR vaccination. The outcome of such
fear was not favorable. Many parents refused to vaccinate
their child and measles outbreak occurred consequently in
the United Kingdom. Although a large number of large-scale
studies statistically rejected the causal link between MMR
vaccine and autism,MMRvaccine coveragewas still less than
before even after 10 years. However, because of the retraction
of Wakefield’s article and abundant evidence approving
the safety of MMR vaccines, vaccine acceptance rate gradu-
ally increased and measles was finally eliminated in 2016
(DeStefano and Shimabukuro 2019).

Another helpful experience is about influenza vaccine
and GBS. Safety concerns about the swine flu vaccine were
raised in 1976 when studies showed vaccine recipients
were eight timesmore likely to developGBS. These findings
prompted the United States government to suspend swine
flu vaccination program. Later studies found inconsistent

results and the issue still remained controversial. Finally,
after the emergence of H1N1 virus and the following
pandemic in 2009, cumulative analysis of available data
showed that unvaccinated people were at a much higher
risk for GBS compared to vaccinated individuals. This was
because of the fact that influenza infection itself could
result inmore harm than influenza vaccine. In otherwords,
refusing vaccines because of the risk of GBS could predis-
pose individuals much more to developing this condition
(Vellozzi et al. 2014).

Given the two above-mentioned experiences, similar
course might be ongoing for COVID-19 vaccines. Currently,
much of the literature regarding neurological complica-
tions of COVID-19 vaccines consists of small population
researches. It could be hypothesized that if studies with
very large amount of population (as studies on influenza
and MMR vaccines) are conducted, the risk of such com-
plications might be obtained very low. Alternatively,
looking for certain modifiable or non-modifiable risk fac-
tors that predisposes the patients to overreact to COVID-19
vaccines and develop serious adverse outcomes is highly
recommended. For example, it is shown that post-
COVID-19 vaccination GBS rate increases by age and fe-
males who are between 30 and 49 years old are at the
highest risk of CVST triggered by VITT (Ashrani et al. 2021;
Li et al. 2021). This approach helps experts to determine
exact contraindications or cautions that should be
taken into consideration when encountering COVID-19
vaccines.

Another approach should focus on the comparison
between COVID-19 vaccines and COVID-19 infection itself.
In other words, pros and cons of vaccination over the dis-
ease itself must be precisely determined. As preliminary
studies show, as in the history of influenza vaccine, the risk
of developing neurological complications following
SARS-CoV-2 vaccines is far less than the same risk after
COVID-19 infection itself (Patone et al. 2021). Further
studies with large populations are recommended to ach-
ieve more precise information in this regard.

Studies should also focus on the different features of
various vaccine platforms. It is shown that some adverse
outcomes are more likely to happen after certain vaccine
platforms. For example, CVST is much more related to
adenoviral vector vaccines (Sharifian-Dorche et al. 2021).
Doing so, information gathered by vaccine surveillance
reports can help healthcare systems to compare different
platforms and determine which ones fit better in different
populations. Further studies investigating the possibility of
neurological complications triggered by different types of
vaccines are strongly recommended. This can also guide
the policymakers to decide and act properly.
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Conclusions

COVID-19 vaccines, with all their effectiveness, are not
without neurological side effects. In this review, different
neurological complications of COVID-19 vaccines are dis-
cussed. Obviously, cerebrovascular complications are the
most life-threatening side effects of COVID-19 vaccines and
adequate attention should be drawn toward them in the
clinical setting. Among other conditions discussed in this
paper, demyelinating disorders can also lead to significant
morbidity if left untreated. Immunotherapy could be
considered in these conditions.

BP is reported as a frequent side effect of COVID-19
vaccines – especially mRNA vaccines. More researches
with more meticulous methodologies are needed to
investigate the relationship between BP and mRNA vac-
cines. Moreover, further studies also recommended to
discover the propensity of BP for mRNA vaccines and shed
the light on precise mechanisms. Importantly, given the
harmless and manageable nature of this condition, public
stress concerning this complication should not lead to
vaccine hesitancy within societies.

Vaccination is one of the main known etiologies for FS.
Although no cases of FS have been reported as a result of
immunization against SARS-CoV-2, its possibility should
never be neglected, as it has happened following other
previous vaccines. Seizure can also complicate other
neurological conditions, which are thought to have a link
with vaccination – a well-known example of which is CVST.

Some rare conditions that have occurred after COVID-19
vaccination were also discussed, including unusual cranial
nerve dysfunctions and brachial plexus neuropathy;
whether these conditions have a causal or coincidental
relationship with COVID-19 vaccines remains unknown
given the lack of evidence in the current literature.

Lastly, FNDs that are attributed related to the psycho-
logical burden of the current pandemic were comprehen-
sively discussed. Although psychological stressors may
count as a risk factor for different psychosomatic disorders,
FND is relatively more important to discuss – since it can be
mistaken for other devastating neurological diseases and
impose anxiety on societies. In this regard, it is necessary to
be cautiousof the socio-psychological atmosphere regarding
COVID-19 vaccination. As discussed earlier, lessons we
learned from MMR vaccine hesitancy and the increase in
number of FND cases in the current pandemic put an
emphasis on the fact that psychological stressors and vac-
cine hesitancy fueled by social media misinterpretations
might have a larger burden than ever expected. Therefore,
dissemination of correct information and proper public

education are the key factors to overcome the above-said
issue and can build trust between healthcare system and the
populace.Of note, the current reviewwas also intended to be
in line with the aforementioned goal.
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