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Abstract

Purpose of Review A variety of neurological complications have been reported following the widespread use of the COVID-
19 vaccines which may lead to vaccine hesitancy and serve as a major barrier to the public health aim of achieving protective
herd immunity by vaccination. In this article, we review the available evidence regarding these neurological adverse events
reported, to provide clarity regarding the same so that unfounded fears maybe put to rest.

Recent Findings There is a greater than expected occurrence of severe neurological adverse events such as cortical sinus
venous thrombosis, Bell’s palsy, transverse myelitis, and Guillain—Barré syndromes along with other common effects such
as headaches following different kinds of COVID-19 vaccination. Precipitation of new onset demyelinating brain lesions
with or without detection of specific antibodies and worsening of pre-existing neurological disorders (like epilepsy, multiple
sclerosis) are also a matter of great concern though no conclusive evidence implicating the vaccines is available as of now.
Summary The COVID-19 pandemic is far from being over. Till such time that a truly effective anti-viral drug is discovered,
or an appropriate therapeutic strategy is developed, COVID-appropriate behavior and highly effective mass vaccination
remain the only weapons in our armamentarium to fight this deadly disease. As often occurs with most therapeutic means
for the treatment and prevention of any disease, vaccination against COVID-19 has its hazards. These range from the most
trivial ones like fever, local pain and myalgias to several potentially serious cardiac and neurological complications. The latter
group includes conditions like cerebral venous thrombosis (curiously often with thrombocytopenia), transverse myelitis and
acute inflammatory demyelinating polyneuropathy amongst others. Fortunately, the number of reported patients with any of
these serious complications is far too low for the total number of people vaccinated. Hence, the current evidence suggests
that the benefits of vaccination far outweigh the risk of these events in majority of the patients. As of now, available evidence
also does not recommend withholding vaccination in patients with pre-existing neurological disorders like epilepsy and MS,
though adenoviral vaccines should be avoided in those with history of thrombotic events.

Keywords COVID-19 vaccination - Neurological complications - Cortical sinus venous thrombosis - Guillain—Barré
syndrome - Transverse myelitis (TM) - Multiple sclerosis (MS)

Introduction treatable” categories [1]. The World Health Organization

(WHO) estimates that 2—3 million lives are saved each year
Immunization has long been the foundation of public health by the current national immunization programs [2]. When
policy and has rendered various deadly diseases which once ~ humanity was first faced with the SARS-CoV-2 virus in the
felled millions into the “rare,” “eradicated,” and “easily = winter of 2019, there followed an initial period of “trial and
error” method of treating the virus and its myriad manifesta-
tions. Work also progressed at breakneck speed for the iden-
This article is part of Topical Collection on Neurology of Systemic tification of the genomic sequence of the virus and then to
Diseases develop a vaccine against it. Scientists and researchers were
successful like never before in coming up with several effec-
tive vaccines against the deadly virus in record time, leading
to an upsurge of hope around the world that this devastating
Department of Neurology, Fortis Hospital, Kolkata, India pandemic would finally be over. However, like every other
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sword. Soon after the introduction of the widespread vaccine
drives, several complications (some substantiated, some not)
began to be reported. The neurological system seemed to be
one of the most affected by these vaccines and is the subject
of our discourse here [3, 4].

Principles of Vaccination

The fundamental concept of vaccination rests on the princi-
ple of “immune memory” [5]. A vaccine can be defined as a
biological/biochemical product that can be administered to
“safely” produce an immune response that confers “protec-
tion” against infection and/or disease on subsequent expo-
sure to a pathogen. The term “protection” refers to a state in
which an individual will not develop a disease after being
challenged with a pathogen [S]. A vaccine contains “anti-
gens” that are either derived from the pathogen or produced
synthetically to represent components of the same. These
antigens are capable of inducing an immune response in the
host that the immune system will then remember, and there-
fore protect the host against subsequent exposures to these
pathogens. This adaptive immune response is mediated by
B cells which produce antibodies (humoral immunity) and
by T cells (cellular immunity). All vaccines in routine use
confer protection through the induction of antibodies [5].
These antigens are usually various protein components of
the pathogen, but rarely polysaccharide vaccines have also
been used against bacterial infections. Efficacy of a vac-
cine is measured in terms of the protection conferred by
it and can be estimated in clinical trials endpoints such as
prevention of infection, a reduction in disease severity or a
decreased rate of hospitalization and /or death.

COVID Vaccines and Their Mechanisms of Action

COVID-19 vaccines prime the immune system to create
antibodies against SARS-CoV-2. The vaccines use a struc-
ture similar to spike (S) protein, which is present on the sur-
face of SARS-CoV-2 and is used for viral endocytosis to the
host cells. The COVID-19 vaccines include messenger RNA
(mRNA), vector, protein subunit, and inactivated/weakened
whole virus vaccines [6e, 7e, 8¢, 9e 10e, 11 12e ]3e].
Engineered mRNA COVID-19 vaccines namely Pfizer-
BioNTech (BNT162b2) and the Moderna (mRNA-1273)
give the cells instructions to make S protein which then leads
to the generation of protective antibodies. After delivering
instructions, the injected mRNA breaks down and does not
enter the nucleus of the host cells [6e, 7¢]. In vector COVID-
19 vaccines which include Ad26.COV2.S [8e], Sputnik V
(rAd26-S and rAd5-S) [9e], and ChAdOx1 nCoV-19 SARS-
COV-2 (AstraZeneca/Covishield) [10e], genetic material is
inserted in a viral vector. The vector delivers the genetic
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material to the host cells that make copies of the S protein on
their surfaces. The immune system then responds by creating
antibodies and defensive mononuclear white blood cells like
lymphocytes and plasma cells. Protein subunit COVID-19
vaccines such as Novavax (NVX-CoV2373) include only
harmless S protein which stimulates the immune system
[11e]. Inactivated or weakened COVID-19 vaccines do not
cause disease, but still, stimulate the immune system, such
as the Covaxin developed by Bharat Biotech and the Indian
Council of Medical Research, and the CoronaVac and Sinop-
harm developed in China [12e, 13e, 14e]. The very recently
introduced bivalent COVID-19 vaccines include a compo-
nent of the original virus strain to provide broad protection
against COVID-19 and a component of the omicron variant
to provide better protection against COVID-19 caused by the
omicron variant. The FDA authorized bivalent formulations
of the Moderna and Pfizer-BioNTech COVID-19 vaccines
for use as a single booster dose at least 2 months after com-
pleting primary or booster vaccination in subjects above the
age of 12 years.

Non-neurological Complications of COVID-19
Vaccines

The most common non-neurological adverse events fol-
lowing COVID-19 vaccination include fever, chills and
rigor, fatigue, muscle and joint pains, nausea, diarrhea, and
rashes. Local site reactions including pain and tenderness,
local warmth, pruritus, bruising, and axillary lymphad-
enopathy have also been commonly reported. Local and
systemic allergic reactions may occur [15ee, 16]. Pillay and
colleagues conducted a systematic review of myocarditis
and pericarditis after COVID-19 mRNA vaccination. The
relative incidence of myocarditis was highest among young
males between 12 and 29 years of age after a second dose,
and with Moderna’s mRNA vaccine than after Pfizer-BioN-
Tech’s vaccine. The risk of myocarditis/pericarditis is lower
when the second dose is administered after 30 days of the
first dose. Finally, the study concluded that most patients had
a good outcome and mortality was low after these cardiac
complications. The occurrence of myocarditis overall is rare
after vaccination [17e].

Neurological Complications of COVID-19 Vaccines

Neurological adverse events following COVID-19 vaccina-
tion are generally mild and transient [18ee]. The most com-
monly reported side effects are headache, fatigue, muscle,
and joint pains. As with any other injectable vaccine, local
injection site reactions such as swelling, redness, and pain
are also well known. These mild neurological effects are
seen with all kinds of COVID-19 vaccines.
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Incidence of Neurological Adverse Events

In a Mexican study, 6536 adverse events were recorded
after Pfizer-BioNTech vaccination among 704,003 sub-
jects. Sixty-five percent of these had at least one neuro-
logic complication, 99% were mild and transient. The most
commonly reported events included headache, transient
sensory symptoms, and generalized weakness. The only
severe adverse events recorded were seizures in 7, Guillain-
Barré syndrome in 3 patients, and transverse myelitis in 2
patients [19ee]. Similar rates were seen in a South Korean
study by Kim et al. looking at adverse effects after the first
dose of ChAdOx1 nCoV-19 and BNT162b2 vaccines [20].
In another study conducted amongst healthcare workers in
the UK after two doses of the BNT162b2 mRNA vaccine,
the most common adverse effects were myalgia, headache,
chills, fatigue, and fever. These complications were higher
after the second dose than with the first dose [21].

Classification of Neurological Adverse Effects
of COVID Vaccines

There are two ways in which one may classify the neurologi-
cal side effects of these COVID vaccines; one is by classify-
ing these as those affecting the central nervous system and
those affecting the peripheral nervous system. Another way
of classifying these maybe those that are considered serious/

Fig.1 COVID 19 vaccine
related neurological adverse
events
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severe and those which are minor. The former classification
scheme is depicted in Fig. 1. Below, we elaborate on individ-
ual neurological complications reported after vaccination.

Neurological Adverse Events

Headache is the most frequent mild neurological complica-
tion reported and occurs with all of the approved COVID
vaccines. This usually starts within the first few hours after
the vaccination and in most cases, resolves spontaneously
within the next 48 h. The location is usually bifrontal or tem-
poral, dull aching in nature with varying intensity. Frequent
accompaniments include fever, chills, myalgia, and fatigue
[22]. However, there is another type of headache which is
far more severe and needs to be distinguished from the first
type. This occurs about a week after the vaccine and is sec-
ondary to more ominous neurological complications like
cortical venous thrombosis, intracerebral, or subarachnoid
hemorrhage [23e].

Severe Neurological Adverse Events

Severe or serious adverse reaction following immunization is
defined as a post-vaccination event that is either life-threat-
ening, requires hospitalization, or results in severe disability.
The WHO lists Guillain-Barré syndrome, seizures, syncope,
encephalitis, Bell’s palsy, and strokes as serious neurologic
adverse events [24]. These may be the source of vaccine

COVID-19 Vaccine related adverse events:
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Parsonage-Turner syndrome
Herpes zoster
Cochleopathy
Ocular manifestations
Sensory neuropathy
Relapse/exacerbation of prior
neurological illness

Neuroleptic malignant syndrome

(NMS)

Functional neurological disorders
Relapse/exacerbation of prior
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hesitancy, and it is important to report and analyze these
events to better understand whether a clear-cut relationship
between the two actually exists.

Cerebral Vascular Events

The whole range of cerebral vascular events from arterial
strokes and venous thromboses to intracerebral and suba-
rachnoid hemorrhages have been reported, predominantly
with the adenoviral vector vaccines, often associated with
severe vaccine-induced thrombotic thrombocytopenia
(VITT), which manifests 5 to 30 days after the vaccination.
The clinical picture is similar to that of heparin-induced
thrombocytopenia [25ee].

Cerebral Venous Sinus Thrombosis

Cerebral venous sinus thrombosis (CSVT) is the most feared
COVID vaccine-associated neurological complication. This
should be suspected in all patients who develop a persistent
headache post-vaccination, which is unresponsive to anal-
gesics and often associated with a dip in sensorium and/or
seizures and focal deficits. As mentioned earlier, CSVT is
commonly associated with VITT.

Mechanism VITT is caused by antibodies that recognize
platelet factor 4 (PF4) bound to platelets. The antibodies are
immunoglobulin G (IgG) molecules that activate platelets
via low-affinity platelet Fcylla receptors causing platelet
aggregation and activation, leading to hypercoagulability,
but with decreased platelet count. A state of thrombotic
thrombocytopenia ensues resulting in venous thrombosis
with marked elevation of D-dimer due to increased genera-
tion of fibrin degradation products. Microscopic findings
show inflammatory vascular thrombotic occlusions occur-
ring in the vessels of multiple body organs [26ee]. The vec-
tor-based vaccines contain genetic material of SARS-COV-2
that is capable of encoding the spike glycoprotein. Possibly
leaked genetic material binds to platelet factor 4 that subse-
quently leads to the formation of autoantibodies [27ee, 28].

Post-vaccination CSVT has a propensity for younger
females [23e, 250e, 2Gee, 2700 2834 35ee 3Gee 37, 38].
The commonly implicated vaccines in CSVT have been the
Astra Zeneca and Johnson and Johnson vaccines [26ee].
Scully et al. published a case series of 21 patients who had
venous sinus thrombosis with documented thrombocytope-
nia, which developed 6 to 24 days after the first dose of the
viral vector-based vaccines [27e¢]. Presence of autoantibod-
ies against platelet factor 4 and elevated D-dimer levels was
also demonstrated.

Tiede reported five cases of prothrombotic immune
thrombocytopenia after vaccination with viral vector-based
vaccine (Vaxzevria) in Germany which clinically manifested
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as CSVT, splanchnic vein thrombosis, arterial cerebral
thromboembolism, and thrombotic microangiopathy within
2 weeks of vaccination [31].

Pottegard et al. assessed the rates of thrombotic events in
the first 28 days after vaccination with the Oxford-AstraZen-
eca vaccine ChAdOx1-S in Denmark in 148,792 people and
132,472 people in Norway and compared them with rates
observed in the general populations to determine the excess
risk, if any. Authors estimated an increased rate for venous
thromboembolism corresponding to 11 excess events per
100,000 vaccinations with 2.5 times excess cerebral venous
thrombosis events per 100,000 vaccinations [35ee].

Krzywicki et al. analyzed data of 213 cases with post-
vaccination CSVT, of which 187 occurred after adenoviral
vector vaccines and 26 after mRNA vaccines; thrombocy-
topenia was only reported with adenoviral vaccines. CSVT
after adenoviral vaccines also carried poorer prognosis;
38% patients in adenoviral vaccine group died, while 20%
succumbed in the mRNA vaccine group [36ee]. Perry et al.
analyzed 95 cases of vaccine associated CSVT, 70 of which
were associated with VITT [37]. Patients with VITT were
younger, had more thrombosed intracranial veins and poorer
outcomes. Use of non-heparin anticoagulants and IVIg was
associated with better outcomes [38].

When diagnosing CSVT related to COVID-19 vaccina-
tion, a temporal relationship must be established (within
30 days of vaccination) and other prothrombotic states
must be excluded. However, whether the vaccines have a
role in precipitating the thrombosis in susceptible individu-
als with pre-existing prothrombic states is not established
[39¢] (Fig. 2). Such patients should also be checked for fresh
COVID-19 infection by RT-PCR as CSVT may also occur
in infected cases.

National Institute for Health and Care Excellence (NICE)
guidelines recommend treatment of patients with VITT and
thrombosis with intravenous immunoglobulin, at a dose of
1 g/kg which may be repeated if there is further clinical
deterioration. In patients with insufficient response, methyl-
prednisolone 1 g intravenously for 3 days or dexamethasone
20 to 40 mg for 4 days can be used [40ee]. Heparin should
be avoided, and alternative anticoagulants like argatroban,
bivalirudin, fondaparinux, rivaroxaban, or apixaban should
be used [36ee, 37, 38]. Patients with very low platelet count
should be treated either with argatroban alone or a combina-
tion of argatroban and platelet transfusion [41].

Arterial Ischemic Stroke

Ischemic stroke following COVID-19 vaccination are also
reported though rarely, usually seen in the context of VITT
[42¢]. Pottegard et al. described an increased rate of venous
thromboembolic events but not of arterial events among
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Fig.2 A, B MR venography in a 60-year-old lady with prior history
of migraine, presenting with a three week history of increasing head-
aches starting about a fortnight after her second dose of AstraZeneca
(COVISHIELD vaccine), showing segmental partial occlusion of
both transverse sinuses. She did not have any thrombocytopenia or
raised D-dimer but had a low protein S level suggesting a pre-existing

recipients of ChAdOx1 nCoV-19 [35ee]. Blauenfeldt et al.
described a female who presented with bilateral adrenal
necrosis, 7 days after receiving the adenoviral (ChAdOx1)
vaccine. She subsequently developed a malignant right cer-
ebral infarction, secondary to occlusion of the right inter-
nal carotid artery leading to her death. She had thrombo-
cytopenia, elevated D-dimer, and PF-4 antibodies in her
blood [43].

De Michele et al. described two fatal cases with VITT-
associated malignant MCA infarcts one of which was
treated with mechanical thrombectomy, with additional
portal and pulmonary vein thrombosis [44]. Al-Mayhani
et al. described three cases of VITT presenting with arte-
rial strokes [45]. Authors opined that young patients with
arterial stroke after receiving the COVID-19 vaccine
should always be evaluated for vaccine-induced thrombotic
thrombocytopenia.

Question may be raised whether vaccine-eligible subjects
need prior screening for any coagulopathy before vaccina-
tion which would be very expensive. Duration of oral anti-
coagulation therapy may be 6 months for subjects without
pre-existing prothrombotic states, in whom treatment should
be continued lifelong.

Stroke Mimics and COVID-19 Vaccination

A recent report from Thailand highlights a large
number of cases with a distinctive focal neurological
syndrome among those receiving the Chinese vac-
cine CoronaVac but not with the AstraZeneca vac-
cine [46¢]. This develops within the first few days of

prothrombotic state. She was started on apixaban 2.5 mg twice daily.
Her headaches were relieved. Repeat venography done over 6 months
later revealed recanalization of the thrombosed segments (C). Her
protein S level was persistently low. She was advised to continue
apixaban indefinitely. She had no problem after her third booster dose
of the same vaccine (adapted from [39®], with permission)

the first dose of vaccination and consists of transient
hemisensory or hemimotor disturbances, at times
associated with visual phenomenon developing in the
corresponding hemifield of vision. Hemicranial or
holocranial headaches are often present. Diffusion-
weighted MRI brain and MR angiography were nor-
mal in all patients. SPECT studies however demon-
strated hypoperfusion in the contralateral hemisphere
during the acute phase followed by hyperperfusion
with clearing of symptoms. This has been likened
to the phenomenon of “cortical spreading depres-
sion” occurring in subjects with migraine with aura.
Postulations regarding the triggers for this include
precipitation by vaccination-related stress and an
immune response to the vaccine.

ICH

Both intracerebral hemorrhage (ICH) and subarachnoid
hemorrhage (SAH) can occur after COVID-19 vaccination,
which can be primary or secondary to venous thrombosis
[260e, 270e 47-49]. While ICH after COVID-19 vacci-
nation can occur in the context of VITT, de Melo Silva
et al. described a primary hemorrhagic stroke following
ChAdOx1nCoV-19 vaccination in a patient without throm-
bocytopenia, or coagulopathy [48]. Finsterer et al. sug-
gested that the second dose of vaccination may be followed
by ICH even when the first dose was uneventful [49]. Most
of these cases were reported following ChAdOx1 nCoV-19
vaccine and in people 30 to 57 years of age, 5 to 12 days
after the vaccination.
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SCLS

This is a potentially life-threatening immune disorder
characterized by transient, recurrent episodes of vascular
endothelial hyperpermeability triggered by viral upper res-
piratory infections, and maybe seen after both adenoviral and
mRNA COVID vaccines. Hypotension, hemo-concentration,
hypoalbuminemia, and anasarca are prominent features.
Treatment is aimed at correcting hypovolemia and avoiding
end-organ damage; prophylactic monthly administration of
immunoglobulins can prevent further episodes. Adenoviral
vector vaccines against SARS-CoV-2 are not advised for
patients with a history of systemic capillary leak syndrome
(SCLS). Monoclonal gammopathy of uncertain significance
is observed in 68-85% of patients with SCLS [50].

Encephalopathy

Acute encephalopathy clinically manifests either with delir-
ium, decreased consciousness, and a fluctuating sensorium
with impaired attention. Reports of acute encephalopathy
have been reported following mRNA vaccines, especially
the Moderna vaccine [51, 52e, 53]. Elderly patients are
affected and present with decreased attention and confu-
sion with diffuse slowing on electroencephalogram (EEG)
and negative neuroimaging. EEG may also show triphasic
waves or nonconvulsive status. Workup for other causes of
delirium is negative. Steroid-responsive encephalopathy was
also reported in a young male following vaccination by Ali-
Mashdali with elevated CSF protein levels [53].

ADEM

This is an acute inflammatory demyelinating disorder of the
central nervous system which is associated with recent infec-
tions and vaccinations. Case reports of acute disseminated
encephalomyelitis (ADEM) have been reported post-COVID
vaccination with SinoVac and the Astra-Zeneca vaccines
[54ee, 55, 56]. Clinical manifestations include altered senso-
rium, seizures and focal neurological deficits. MRI showed
multiple T2/FLAIR hyperintense lesions involving the
periventricular and juxtacortical regions. Treatment is in the
form of high-dose intravenous steroids and/or intravenous
immunoglobulins. Most patients recovered well, though
mortality had been reported.

Post-vaccinal Encephalitis

Zuhorn et al. reported a series 3 patients, who presented
with post-vaccinal encephalitis, occurring 7 to 11 days after
administration of adenoviral ChAdOx1 nCov-19 vaccine.
All patients fulfilled the diagnostic criteria for possible auto-
immune encephalitis and presented with cognitive decline,
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seizures, and gait dysfunction; neuroimaging was non-con-
tributory. CSF pleocytosis and good response to corticos-
teroids was noted in all [S7ee]. Presentations of brainstem
encephalitis with diplopia and opsoclonus-myoclonus syn-
dromes after COVID vaccination have also been reported,
all with good response to steroid therapy [58].

Acute necrotizing encephalopathy (ANE) is a rare neu-
rological disorder arising from a para- or post-infectious
“cytokine storm.” Bensaidane et al. reported the case of a
56-year-old male who developed ANE 2 days following the
first dose of ChAdOx1 nCoV-19 vaccination. MRI brain
showed hyperintensities involving bilateral thalami, with
diffusion restriction. The patient was treated with high-dose
corticosteroids [59].

Transverse Myelitis

Acute transverse myelitis is a rare, acquired inflammatory
spinal cord disorder manifesting with rapid onset weakness,
sensory loss and bowel and bladder dysfunction. MRI dem-
onstrates T2/FLAIR hyperintensity which is often holocord
and maybe longitudinally extensive. Autoimmunity via
mechanism of molecular mimicry is implicated. Adenoviral-
based vaccines are more frequently associated with this pres-
entation, though even inactivated virus vaccine and mRNA-
based vaccines have been implicated [60, 619, 62—65]. Both
short and long segment myelitis have been reported after
COVID vaccination; outcomes are favorable with high dose
intravenous steroids.

During the phase III trial of Oxford/AstraZeneca vac-
cine, 2 patients developed transverse myelitis; one 14 days
after the booster shot which was considered to be idiopathic.
The second case was reported 68 days post-vaccination in
a patient who was previously diagnosed with multiple scle-
rosis and was considered to be not associated with vaccina-
tion [63, 64]. Possibly, antigens present in the COVID-19
vaccine, or its adenovirus adjuvant induce an immunologi-
cal reaction in the spinal cord leading to myelopathy. The
occurrence of 3 reported acute transverse myelitis adverse
events amongst 11,636 participants in the vaccine trials was
considered high and a cause of concern [65]. Overall, the
incidence of transverse myelitis after COVID vaccination
remains higher than is expected in the general population
and prompt diagnosis and treatment is needed to ensure good
outcomes.

COVID-19 Vaccination and Pre-existing
or New-Onset CNS Demyelinating Disorders

Quintanilla-Bordas et al. reported a case series of four
patients that received mRNA COVID-19 vaccination
while already suffering from symptoms related to CNS
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demyelination due to yet undiagnosed MS [66e¢]. All of these
patients presented with exacerbation of ongoing symptoms
after vaccination with MRI features suggestive of highly
active MS, fulfilling McDonald 2017 criteria; high serum
light-neurofilament levels and oligoclonal bands restricted
to the CSF. It is recommended that patients experiencing
acute neurological symptoms should seek medical attention,
especially before vaccination.

On the other hand, Epstein et al. in a multicenter US study
including 1164 participants, found no evidence of neuro-
immunological disease worsening after vaccination [67ee].
Dinoto et al. in another multicenter Italian study assessed the
frequency of relapses after SARS-CoV-2 vaccination (Pfizer
and Moderna) in patients with NMOSD and MOGAD. The
frequency of relapses within one month of vaccination was
4% (1/26) in the AQP4-IgG +NMOSD group and O in the
MOGAD group [68]. In these patients, the potential benefits
of vaccination outweighed the risk of relapses. The jury is
still out about the safety, at least of the mRNA vaccines, for
patients with active relapsing—remitting MS, NMOSD and
MOGAD. The need of the hour is large-scale real-world
evidence for further validation.

Neuroleptic Malignant Syndrome

This is a life-threatening complication of many antipsy-
chotic medications presenting with hyperpyrexia, altered
sensorium, muscle rigidity, and autonomic dysfunction with
markedly elevated creatine phosphokinase levels and subse-
quent renal dysfunction due to myoglobinuria. Various case
reports have recorded the occurrence of this syndrome in
elderly patients on antipsychotics who had recently received
the COVID-19 vaccine, the real offender remaining uncer-
tain [69, 70].

Seizures

There have been case reports of new-onset seizures in
patients after COVID vaccination, where neuroimaging
revealed no acute changes, no pre-existing brain lesions and
workup for other causes of acute symptomatic seizures was
negative. Seizure semiology may range from focal seizures
with impaired awareness to bilateral tonic—clonic seizures
and status epilepticus [71, 72, 73e]. A more important ques-
tion is whether COVID-19 vaccination is safe in subjects
with pre-existing epilepsy. Various studies have demon-
strated that there is no significant effect of COVID vaccines
on seizure frequency in patients with epilepsy. Such studies
demonstrate that COVID-19 vaccines have a good safety and
tolerability profile in the short term, in patients with epilepsy
though there is high levels of vaccine hesitancy amongst
these patients [74ee, 75¢, 76-78]. A UK survey noted that
in most people with Dravet syndrome, SARS-CoV-2 vaccine

does not appear to be associated with an increase in the fre-
quency or duration of seizures, even in those who develop
fever post-vaccination [79e]. Similarly, the safety of a Chi-
nese virus inactivated vaccine (Sirolimus) in children with
tuberous sclerosis (TS) who were being treated with the
mTOR inhibitor rapamycin has also been demonstrated [80].

Bell’s Palsy

Several case reports have demonstrated the relationship
between COVID-19 vaccination and Bell’s palsy, especially
with the mRNA vaccines [81-84, 85e¢]. An article pub-
lished in the Lancet analyzed the combined phase 3 data of
Pfizer and Moderna trials and noted that the rate of Bell’s
palsy was 3.5 to 7 times higher than expected in the gen-
eral population [85ee]. Facial palsy in most cases recovered
with or without treatment. This being such a self-limited side
effect, considerations about an elevated risk for Bell’s palsy
should not lead to any vaccine hesitancy.

Olfactory Dysfunction

Olfactory dysfunction is the most frequent neurological
complication of COVID-19 infection. Lechien et al. reported
6 cases of post-COVID vaccine olfactory and gustatory dis-
orders in patients with negative nasal swab, 4 after the Astra-
Zeneca vaccine and 2 after Pfizer vaccine, lasting from 4 to
42 days with no long-term side effects [86]. Keir reported a
case in which the subject felt as if he was “smelling smoke”
after the Pfizer vaccine; MRI brain showed olfactory bulbs
and bilateral olfactory tract enhancement—the exact patho-
genesis remaining unknown [87].

Abducens Nerve Palsy

Multiple case reports have reported a temporal relationship
between COVID vaccination and isolated sixth cranial nerve
palsies, with normal neuroimaging where no other causative
factors were found, likely secondary to immune-mediated
localized demyelination or vasculitis [88].

Ocular Manifestations

A variety of ocular manifestations have been reported post-
vaccination, including lid edema, superior ophthalmic vein
thrombosis, Tolosa-Hunt Syndrome, uveitis, choroiditis,
retinal necrosis, macular retinopathy, central retinal vein
occlusion, and optic neuritis (ON). Again, the incidence of
these adverse events was so low that no definitive causal
relationship could be attributed to the vaccines [89-91].
A multinational review of ON after vaccination found that
most cases occurred after AstraZeneca vaccination with one-
fourth showing myelin oligodendrogliocyte (MOG) antibody
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positivity, and visual outcomes were good, with or without
treatment. The MOG antibody-positive patients showed con-
trast enhancement in the whole length of the optic nerve.
This study also found that the incidence of post-vaccination
ON was lower than the incidence of ON otherwise [92ee].

Otologic Manifestations

A variety of otologic manifestations have been reported
following COVID-19 vaccination, including new-onset, or
worsening of pre-existing hearing loss, vertigo, and tinnitus.
However, most authors concluded that there were no sig-
nificant increases in otologic complications after COVID-19
vaccination as compared with the incidence in the general
population [93].

GBS

Guillain-Barré syndrome (GBS) is a rare but serious post-
infectious immune-mediated polyradiculoneuropathy which
manifests as a lower motor neuron type of areflexic sen-
sorimotor non-length dependent quadriparesis. Significant
medical literature exists which has established the link
between COVID infection and GBS. Similarly, all kinds
of COVID-19 vaccines have also been found to be associ-
ated with Guillain-Barré syndrome, though the incidence
is higher with adenovirus-based vaccines [94, 95, 96-98].
Post-vaccination GBS generally affects older adults within
2 weeks of vaccine administration. Clinical presentation
is indistinguishable from GBS secondary to other causes.
Nerve conduction studies show a demyelinating sensori-
motor polyradiculoneuropathy pattern, and CSF examina-
tion shows albumino-cytological dissociation. Response to
immunotherapy is generally good. The proposed pathogen-
esis is via autoantibody-mediated immunological damage
of peripheral nerves and radicles through the mechanism
of molecular mimicry between structural components of
peripheral nerves and the vaccine components.

Small Fiber Neuropathy

A couple of case reports have demonstrated that small fiber
neuropathy may be a rare complication of COVID-19 vac-
cination. Patients present with a severe burning sensation
involving the extremities with normal electrodiagnostic stud-
ies [99].

Parsonage-Turner Syndrome
Parsonage-Turner syndrome or neuralgic amyotrophy usu-
ally manifests clinically with acute onset unilateral shoulder

pain with progressive involvement of the brachial plexus and
upper limb weakness. Some case reports have documented
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the occurrence of Parsonage-Turner syndrome following
COVID-19 vaccination [100].

Herpes Zoster

McMahon et al. reviewed cutaneous reactions to mRNA
COVID-19 vaccines in 414 patients, of which 5 (1.9%)
developed herpes zoster [101]. These vaccines possibly
induce dysregulation of T-cell function, thereby allowing
latent herpes zoster virus to reactivate.

Myositis and Rhabdomyolysis

Cases of fatal myositis with rhabdomyolysis and acute kid-
ney injury necessitating renal replacement therapy have been
reported post-COVID vaccination [102e, 103]. Kimura and
colleagues described a patient who developed recurrent,
relapsing muscle weakness after the Pfizer vaccine with MRI
demonstrating myoedema.

Worsening of Pre-existing Neurological Disorders

Exacerbations of previous neurological diseases have
been documented with COVID vaccinations. The cases
of demyelinating disorders and epilepsy had already been
discussed. Other disorders showing transient worsening
following vaccination include myasthenia gravis, demen-
tia and movement disorders such as Parkinsonism where
temporary worsening of motor symptoms and severe dyski-
nesias have been reported. Even though medical literature
is far from conclusive in these cases because of the low
numbers, it is evident that the risks of COVID-19 infec-
tion far outweigh the transient exacerbation of these pre-
existing disorders [104ee, 105, 106, 107ee, 108e].

Functional Neurological Disorders

Functional neurological disorders (FNDs) are those which
produce varied neurological manifestations without any
demonstrable abnormalities on extensive workup and are
often triggered by physical or emotional stress. A variety
of these FNDs have come to forefront after the COVID-19
vaccine drive; non-epileptic seizures characterized by par-
oxysms of bizarre hyperkinetic movements with no elec-
trographic correlate, while others presented as variable
limb weakness mimicking a cerebral vascular event [108e,
109-111, 112ee, 113]. Ercoli and colleagues described
a middle-aged man who immediately reported bilateral
facial weakness which resolved in an hour after vaccina-
tion. The same gentleman after the second dose of vaccine,
complained of respiratory distress and swollen tongue
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which resolved after receiving corticosteroids; however, he
developed new symptoms in the form of right hemiparesis,
and then facial sensory loss. A detailed workup of this
patient failed to demonstrate any abnormality to explain
the aforementioned varied manifestations and a diagnosis
of functional neurological disorder was arrived at [113].

Concluding Remarks

Within a little over 2.5 years of the emergence of the novel
SARS-CoV-2 virus infection that caused the worst pan-
demic the world had ever seen, the causative pathogen
was determined, vaccine targets identified, mass scale vac-
cine manufacturing developed, large-scale phase 1 through
phase 3 trials were conducted at multinational levels, data
have been reported and finally millions of the world popu-
lation have been vaccinated at least with one or two doses.
This process demonstrates what is possible in the context
of motivated collaboration among key sectors of society,
including medical personnel, research workers, govern-
ment, industry regulators, and the general public. While
lessons learned from this endeavor should allow us to be
better prepared for the next pandemic pathogen, a very
large section of the world population, especially in the
developing world, remain far from receiving the desired
protection. Risks associated with emergence of newer
variants, which might be more transmissible or even more
virulent than the delta variant, loom large in the minds
of clinicians and scientists who cannot be complacent.
Viruses spreading rampantly would invariably mutate;
whether such mutations would lead to a “gain of function”
or a “loss of function” remains unpredictable. Develop-
ment of more effective vaccines is the need of the day
and the risks from vaccination, neurological or otherwise,
would never match the havoc caused by the virus [114].
True, complications like CVST, ANE, GBS, and ADEM
are potentially fatal ones; but almost all of these are treat-
able ones if detected early and therapeutic results are com-
monly predictable. This is very much unlike cases with
severe COVID-19 infection. Furthermore, most severe
neurological adverse events have been reported either in
isolated case reports or small cases series. A causal asso-
ciation of these events is controversial; larger collabora-
tive prospective studies are needed to establish causality.
The overwhelming evidence as of now supports widescale
vaccination as the risks of COVID-19 infection far out-
weigh those which may occur secondary to vaccination,
and hence should not be the cause for vaccine hesitancy.
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