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Abstract: Background: Since the advent of global COVID-19 vaccination, several studies reported
cases of encephalitis with its various subtypes following COVID-19 vaccinations. In this regard, we
conducted a systematic review to investigate and characterize the clinical settings of these reported
cases to aid in physician awareness and proper care provision. Methods: We systematically searched
PubMed, Web of Science, and Scopus and manually searched Google Scholar. Studies published
until October 2022 were included. Demographic data, clinical features, vaccine data, treatment
lines, and outcomes were extracted. Results: A total of 65 patients from 52 studies were included.
The mean age of patients was 46.82 £ 19.25 years, 36 cases (55.4%) were males. AstraZeneca
was the most-reported vaccine associated with encephalitis (38.5%) followed by Pfizer (33.8%),
Moderna (16.9%), and others. Moat encephalitis cases occurred after the first dose of vaccination
in 41/65 (66.1%). The mean time between vaccination and symptom onset was 9.97 + 7.16 days.
Corticosteroids (86.2 %) and immunosuppressants (81.5 %) were the most used lines of treatment. The
majority of affected individuals experienced a full recovery. Conclusion: Our study summarizes the
current evidence of reported post-vaccination encephalitis, regarding clinical presentation, symptoms
onset, management, outcomes, and comorbid conditions; however, it fails to either acknowledge
the incidence of occurrence or establish a causal relationship between various COVID-19 vaccines
and encephalitis.

Keywords: COVID-19 vaccine; adverse effects; encephalitis; systematic review

1. Introduction

Encephalitis is an inflammation of the brain tissues and is most usually caused by a
viral infection (mainly herpes simplex virus), which represents about 75% of diagnosed
cases; however, autoimmune causes such as N-methyl D-aspartate receptor (NMDAR)
antibody encephalitis are also common [1]. Encephalitis is a neurological emergency that
can cause severe cognitive impairment or death if not treated promptly. It can be diagnosed
by at least two of the following criteria: fever, seizures, focal neurological findings by a cause
of brain parenchymal damage, EEG findings indicative of encephalitis, lumbar puncture
pleocytosis (more than four white cells per uL), or neuroimaging findings suggestive of
encephalitis [2].
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Recently, COVID-19 emerged as a new public health crisis affecting worldwide popu-
lations. As of the date of this review, 664 million confirmed cases and 6.7 million deaths
have been reported since the outbreak in late 2019 [3]. To curtail the development of this
disease, research on coronavirus diagnosis, prevention, treatment techniques, and vaccines
was launched. The burden was heavily lifted when COVID-19 vaccines emerged. The
mechanism of action of various vaccines aim to elicit immune response: the mRNA-based
vaccines (PfiZerBioNTech and Moderna) are made up of genetically modified viruses
RNA or DNA that produces a viral protein [4-6]. The genetically modified non-mRNA
adenovirus vector vaccines (Janssen/Johnson and Johnson, Sputnik V, and AstraZeneca)
also produce coronavirus proteins [5]. The spike protein or its fragments that resemble
COVID-19 are introduced in protein subunit vaccines (Corbevax, Novavax). A killed or
weakened COVID-19 virus is introduced in the attenuated viral vaccines Sinopharm and
Sinovac Corona Vaccine [6].

Due to the urgency, vaccinations were approved based merely on the initial stages
of clinical trials, without completion of all phases [7]. However, adverse reactions to
vaccinations, including myelitis and severe disseminated encephalomyelitis, have been
identified, although poorly documented [8].

Variable neurological complications after the COVID-19 vaccination, despite the un-
proven causes, have been reported. These include functional neurological disorder symp-
toms, such as altered mental status, autoimmune encephalitis (AE), acute disseminated
encephalomyelitis (ADEM), dizziness, myalgia, fatigue, cognitive impairment, gait instabil-
ity, facial palsy, Guillain-Barré syndrome (GBS), convulsions, strokes, transverse myelitis,
chronic fatigue syndrome, and acute encephalopathy [9,10]. Recently, major neurological
complications indicative of vaccination-related autoimmune encephalitis and acute en-
cephalitis after the first dose of mRNA COVID-19 vaccines were reported [11-15]. Notably,
acute disseminated encephalomyelitis (ADEM) was consistently reported after the viral vector-
based vaccines or inactivated viral vaccine (AstraZeneca, Sputnik V, Sinopharm) [16-22].

Dutta et al. reported 19,529 neurological adverse events after COVID-19 vaccination,
including encephalitis [23]. Zuhorn et al. demonstrated a temporal association between
ChAdOx1 nCov-19 vaccination (AstraZeneca) and encephalitic symptoms [24]. The di-
agnosis of mMRNA-1273 vaccine-induced encephalitis and status epilepticus was made by
Fan et al. [25] in several recent cases.

The underlying mechanism of such symptomatology is not clearly understood; some
researchers theorized that SARS-CoV-2 spike protein produced by mRNA-based vaccines
may act as a catalyst for the inflammatory processes that ensue, particularly in autoimmune
encephalitis [26].

Globally, vaccine hesitation is linked to a lack of trust in the COVID-19 vaccine’s safety
and doubts about its effectiveness. However, vaccination acceptance rates increased to
75.2% last year according to an international survey [27]. Continuous vaccine improve-
ment efforts and modifications are ongoing with the expanding range of immunity and
adverse events in vaccinated populations. In this study, we aim to characterize clinical and
laboratory features and the diagnostic and management implications of encephalitis cases
following COVID-19 vaccinations to aid in physician awareness and proper care provision.

2. Methods
2.1. Database Search

Our systematic review followed the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) checklist. It is registered in PROSPERO database with
ID number: CRD42023389901. We performed a systematic literature search of PubMed,
Scopus, and Web of Science databases, from inception until October 2022, following the
Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) [28]. The
following search strategy was used (COVID-19 vaccination OR SARS-CoV-2 vaccine OR
COVID-19 vaccine) AND (encephalitis). To increase our chances of identifying all relevant
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studies, we manually retrieved other studies from Google Scholar and performed backward
citation analysis.

2.2. Screening and Inclusion Criteria

We included all published or pre-published papers presenting cases of any type of
encephalitis in individuals who received any type of COVID-19 vaccination either as case
reports, case series, or letters to editors. No language restrictions were applied. Secondary
studies including reviews and meta-analyses, book chapters, and press releases were
excluded from our study. Studies underwent title and abstract blind screening by two
reviewers using Rayyan Artificial Intelligence [29]. After the removal of duplicates, the
identified full-text articles were examined, and we manually assessed retrieved full-text
records from Google Scholar and related references of further studies (Figure 1).

Identification of studies via databases and registers

Records identified from
Databases (n = 1359)

Pubmed (n = 129)
Scopus (n= 1134 )
WOS (n=120)

Screaning:

=280)

Records removed before
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abstract level
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citation analysis
{n=15)

T Repons exciuted
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- Mol encephalitis
(n=80) Mol vaccinated for COVID-19
High risk shudies

Studies included in review
{n=52)

Figure 1. PRISMA flow diagram for included studies.

2.3. Statistical Analysis

To provide a comprehensive understanding of the data included in those studies, we
extracted patients’ characteristics (i.e., age and gender), the type of encephalitis, the type
and dose of the vaccine, and the latency period before the onset of symptoms. We extracted
symptoms, either relating to the nervous system or any other systems, and whether these
patients had any other comorbidities. Investigations, treatment, and treatment outcomes
were likewise extracted (Table 1). Extracted data were pooled into mean and standard

deviation for continuous variables or frequency and percentage for categorical variables
(Table 2).
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Table 1. Characteristics of included patients.
Type of Onset Other Neuroimaging and
No. Author Vaccine Age/Sex En cZgh alitis (TS;I}\I; Dose Clinical Features =~ Comorbidities Complaints CSF Angalygis Treatment Outcome
Progressive MRI: nonspecific acute
) generalized versus subacute .
1 A(?trgf d Bigf\lTZTeerch 61/F ADEM 7 1 weakness and Hypertension - . leuko.encephaloPathy Methy%g]rle((;imsolone, Full recovery
difficulty with involving the brainstem
communication and deep white matter
Headache, fever,
and rigor for 4
Ahmed Pfizer : s days, inability to Ceftriaxone CSF: high protein, .
2 etal. BioNTech 62/F Meningoencephalitis 5 2 stand up and walk, allergy ) pleocytosis Acyclovir Full recovery
did not obey
commands
MRI: Increased FLAIR
signal intensity in the
Gait disturbance, bilateral hippocampus,
dysarthria, Multiple enhanced Acvelovir, IVIG
3 Ahn et al. AstraZeneca 53/M AE 7 2 cognitive decline, - - lesions of the spinal C}:ic (.):’ ’, b ’ Favorable
Hoffman sign, and cord (C6, T1 level) CSF: and rituxima
ankle clonus pleocytosis, elevated
protein, oligoclonal
band type 2 (+)
CSEF: pleocytosis Resp o_r;ﬁed well
. . with no
4 Albsheer Moderna 35/F LE 2 2 Seizures - Anisocoria CL: tempora_l .lobe Stero1.ds, 1VIG’ additional
etal. hypodensities and rituximab neurological
ANA (+) sequelae
. . CSF: elevated proteins
. Generalized fatigue - . IVIG Management and
: . Bickerstaff o Aspiration and albumin, GD1a (+), . o T
5 Allaniea piizer 38/M Brainstem 10 1 Wweakness, slowing ; preumonia,  MRI: T2 hyperintensity Pl"‘smapgere“s' rehabilitation in a
etal. 10N lec Encephalitis of moveme.nt’ constipation within the distal spinal | an . ong- e.rm care
hypophonia cord/conus medullaris corticosteroids facility
Dysphagia, altered
Al Bickerstaff mental status, Aspiration CSF: pleocytosis, IVIG N ]E)xltensive
jamea Pfizer : progressive DM, pneumonia, oligoclonal bands (+), - rehabilitation in a
6 etal. BioNTech 54/M E]flrcae?ﬁgﬁs 14 2 weakness, limb hypertension  ophthalmo- GQ1b and GM1 plaﬁ?ﬁgkrfims’ long-term care
ataxia, disturbed plegia antibodies (+) facility

conscious level
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Table 1. Cont.

Onset . .
No. Author Vaccine Age/Sex En{Zgﬁa(ﬁtis (']1;;1)1’; Dose Clinical Features Comorbidities Cor?lgi:irnts Neglgi:ln:rllg;ll;gi:nd Treatment Outcome
Neck stiffness
and bilateral-
MRI: T2 and FLAIR adduction-gaze
Generalized _showed deficit were
weakness, lovxller h}’]%ermt.en?ltleg 151 the Hypertonic resggﬁ%ﬁﬁ ;"l’eu
Al-Quliti extremity myalgia, . subcortical and deep . . .
7 etal. AstraZeneca 56/F ADEM 10 difficulty in the - Anorexia white matter involving Sahr:je’ 'meithYI_ Enpfovemfnt l;n,
articulation of basal ganglia predhisofone v?zrea(l):l/\\/eegs llel:ass
speech, dysmetria CSF: protein and observed, able to
glucose elevated mobilize freely
without
assistance
CT: diffuse hypodense
areas in the right
subcortical,
frontotemporal, and
Fe\lller, headaclhe,d right fhalamic region.
Ancau apat }égfﬁfé e Hypothyroidism, lz/éftlicgiliféftfggﬂ?iglt Methylprednisolone
, : i 2 -
8 et al. AstraZeneca 61/M AHEM 4 uncons ciousn ess, P;ﬁlglﬂ;lé;a FLAIR hyperintense plasmapheresis Vegetative state
bedridden, foaming lesions with
around the mouth hemorrhagic
involvement of the
basal ganglia
CSF: moderate
disturbance of the BBB
MRI: longitudinal
edema along the
Cephalgia, fatigue, thoracic spinal cord
lack of sensation in with contrast
legs, paraplegic enhancement, focal
syndrome, absent central hemorrhage,
Ancau tendon reflexes, ) Thoracic bi-hemispheric white ~ Methylprednisolone,  Persistent
9 etal. AstraZeneca 25/F AHEM 2 det.rusor argﬂe)_(ia, back pain matter lesions with Plasmapheresis paraplegia
difficulty urinating, focal contrast
mild weakness, enhancement
ascending CSEF: pleocytosis,

numbness in legs

increased albumin,
intrathecal IgM
synthesis
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Table 1. Cont.

No. Author Vaccine Age/Sex

Type of
Encephalitis

Onset
Time
(Days)

Dose Clinical Features

Other

Comorbidities Complaints

Neuroimaging and
CSF Analysis

Treatment

Outcome

10 Ancau

etal. 55/F

AstraZeneca

AHEM

Meningism, spastic
tetraparesis, coma

Nausea,
dizziness

MRI: multiple FLAIR
hyperintense
hemorrhagic lesions in
the right temporal and
parietal lobes, bilaterally
in fronto-temporal
distribution and in the
right occipital lobe and
left fronto-basal region
CSF: pleocytosis,
intrathecal IgM, IgG and
IgA, trans-tenetorial
herniation, and
hydrocephalus occlusion

Right-sided
decompressive
hemicraniectomy,
Methylpred-
nisolone

Death

Pfizer

1 Asaduzzaman
BioNTech

etal. 15/F

Autoimmune
encephalitis

Fever, agitation,
o altered
consciousness,
convulsions

Diarrhea,
dehydration,
palpitation,
myocarditis

CSF: pleocytosis, raised
protein level, and
normal glucose level
MRI: no abnormality

Acyclovir,
Ceftriaxone,
methylpred-

nisolone

Full recovery
after 4 weeks

12 Asiolietal.  AstraZeneca 73/F

Anti-LGI1
encephalitis

14

FBDS, behavioral
disturbances

—_

CSF: Anti-LGI1 (+), EEG:
Bilateral fronto-temporal
sharp waves;
electrographic temporal
seizures, MRI: Bilateral
mesial temporal lobe
T2-weighted
hyper-intensity with
swelling in the left
hippocampus

Methylprednisolone,
Valproate

Seizure-free,
normal mental
status

Pfizer

BioNTech 66/M

13 Asioli et al.

Anti-LGI1
encephalitis

Cognitive
impairment,
behavioral
disturbances

Hypertension -

CSF: Anti-LGI1 (+),
high protein, RBCs (+),
pleocytosis
MRI: Bilateral mesial
temporal lobe
T2-weighted
hyper-intensity with
swelling and contrast
enhancement in the right
amygdala and
hippocampus, EEG:
Right fronto-temporal
sharp waves;
electrographic temporal
seizures

Methylprednisolone,
Levetiracetam

Normal mental
status in
7 months
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Table 1. Cont.

Onset . .
. Type of . .. T Other Neuroimaging and
No. Author Vaccine Age/Sex Encephalitis (']1;1;1}1’2) Dose Clinical Features Comorbidities Complaints CSF Analysis Treatment Outcome
Pf G FBDS, focal ngﬁéng'lLGH 1(+)/ thvipred ) Seizure-free,
U, izer Anti-LGI1 . i’ . . : Bilatera Methylprednisolone, normal mental
14 Asiolietal.  p. N 66/M encephalitis 9 2 seizures, behavioral ~ Polyallergy ~ Hypersomnia fronto-temporal Lacosamide status in
P disturbances 4
epileptiform discharges 3 months
. MRI: Right Seizure-free
. Focal seizures, . 4
15 Asioli et al. Moderna 18/F Anti-LGI1 23 3 short-term memory - - fronto-temporal sharp Methylpred_msolone, normal mental
encephalitis impairment waves, CSF: Anti-LGI1 Lacosamide status in
P +) 3 months
Fever, headaches,
Auti ’ drowsiness, Anti-convulsants Discharged home
utjimanon Pfizer Acute tonic-clonic focal el * but had residual
16 etal. BioNTech 14/F encephalopathy ? 1 and generalized ) B ANA (+) 1mmunostuppres- memory
seizures, status sants problems
epilepticus
Fatigue, confusion CSEF: Pleocytosis with
and anxiety, lymphocytic
headache, agitation, predominance
Ballout Pfizer Autoimmune dysfluent speech MRI: no abnormalities . Full recovery
17 etal. BioNTech 27/M Encephalitis 6 1 with paraphasic B B EEG: mild generalized Methylprednisolone after 1 month
errors, and slowing without
difficulty with epileptiform
writing abnormalities
CSF: pleocytosis,
Change in mental clevated p rotein,
status with severe elevated myelin basic
encephalopathy, protein (MBP) MRI:
fever, absent diffusion restriction in
upillary response the right dorsal .
Ballout F t}g ligh}’; abs},)ent Fatigue medulla with Methylprednisolone,
18 Moderna 81/M ADEM 13 1 . ¢ - gue corresponding T2 FIAIR IVIG therapy, Death
etal right corneal reflex myalgia P 8 0L Py,
diffuse ! hyperintensity, faint T2 plasmapheresis
hypertonicity, hyperintensities in the
extensor plantz;r left pons, midbrain, and
responses thalamus, and minimal
bilaterally T2 sulcal hyperintensity

without contrast
enhancement
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Table 1. Cont.

Onset . .
No. Author Vaccine Age/Sex En{Zgﬁa(iftis (']1;;1}1’2) Dose Clinical Features ~ Comorbidities Cor?lgi:irnts Negl;i:lngirllg;ll;gi:nd Treatment Outcome
Brain MRI: large
Fever, flu-like ill-defined T2 FLAIR
symptoms, hyperintensities of
Lhermitte’s periventricular and
Phenomenopl deep white matter with
;eé‘;fgraf;xﬁr smaller lesions Iﬁ}érlovhed ar:id
. , i i . showe
19 Bastide AstraZeneca 49/F ADEM 2 1 impaired %angem - - infratentorially, spared Meth‘ylprhedmsolone, stability or
etal. p . cortex, deep gray rituximab Y
walklng,. matter and subcortical regression of
paraparesls, U fibers; most lesions
pallesthesia, SSEPs: abnormal
hypoesthesia, and conduction above the
Sphincter sensory decussation in
dysfunction the lower brainstem
CSF: mild pleocytosis
Reduced 1CSF:1plecl)betozli% )
educed memory, oligoclonal band (+
Sinopharm headache, fever, MRI: abnormal signals ~ Immunoglobulin,
20 Cao et al. al:r{ld 24/F ADEM 14 1 spasticity, - aL osest(i)tfe in the B/L temp%ral diazepam, :fl:grrf (;?12511371
Sputnik V weakne;sg in PP cortex, lesions levetiracetam
extremities EEG: epileptiform
Waves
Patient
MRI: T2 hyperintense develo?ged a
Headache lesions involving stuporous to a
meningism, and frontal cortex, _ comatose state
fever sensor{motor perlveptrlcular space, MethylPredmsolone, ) and was
té traparesis pulvinar thalamic ceftr{a);ﬁ.ne, d;sﬁg}ii%fiitoona
. 4 . . i i ampicillin,
21 Escolaetal.  AstraZeneca 43/F Encephalomyelitis 9 1 seilslgicr;lgetor Migraine - nélecrl:‘tl;ekl)liﬁ%eséiﬂlc fer;d plasmapef(cha;’lge, center; after
paraparesis CSF: extensive meropenem, 3 montgsl Sh}fll
urinary retention predominant tocilizumab improvec with a
hyperreflexia 4 granulocytic light cerebellar
yp pleocytosis, elevated syndl"ome (Rt
lactate and protein hand intention
tremor)
Behavioral
disturbances i
. T o MRI: plaques in the
. Sinopharm . muscle pain, limb Rituximab- : -
22 Eteggiclhfar aIIJ1d 50/F ir:;Nﬁg Il?t?s R 20 2 weakness, ataxia, treated Vomiting . petrlver;frlclulara Methylprednisolone  Full recovery
' Sputnik V P dizziness, MS Ju)zg;gzallc:r’e 2“

weakness, agitation,
(+) Babinski sign
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Table 1. Cont.
No Author Vaccine Age/Sex Type of %innsfet Dose Clinical Features Comorbidities Other Neuroimaging and Treatment Outcome
: 8 Encephalitis (Days) Complaints CSF Analysis
CSF: no pleocytosis,
F bl .. elevated protein,
ever, blurry vision, SARS-CoV-2 spike S1 Levetiracetam,
At s S RBD IgG; EEG: acyclovir,
23 Fan et al. Moderna 22/M AE 6 2 epilepticus /slurred - ta Chnégls, dia continuous diffuse valproate sodium, Full recovery
speech rr{emor Y slowing in theta and and methylpred-
P 1'0 ss y delta ranges; CT: mild nisolone
hypoperfusion in right
temporal region
EEG: bitemporal focal
. . . . slowing with admixed Improved with
24 Fernandes Pfizer 16/M Anti-GAD 7 1 Generalized tonic DM - sharp waves Dexamethasone minimal right
etal. BioNTech encephalitis clonic seizures . :
CSF: pleocytosis, focal slowing
protein elevation
Anxiety, decreased
mental acuity,
insomnia,
h CO\%ID-;Q Olanzapine,
ypochondria, .

° haloperidol, .
motor dysfunction, . e Improved with
aphasia, accusatory Irritable . CSF: mild lymphocyte lithium, minor

25 Flannery Pfizer 20-30/F Anti-NMDAR 7 1 / it bowels and Tachycardia, ’ 1 ymphocy Risperidone, neurological
et al. BioNTech encephalitis auaitory kidne hypertension . Ppleocytosis, IVIG, methyl- 0108
P hallucinations y P anti-NMDA titer 1:20 y deficits after
4 disease . prednisolone,
spontaneous t ol and 45 days
defecation, metoprolo ’; n
psychosis, rituximal
catatonia, grand
mal seizure,
lethargy
EEG: slow waves in the
right frontoparietal
F headach DM regions
ever, headache, , - . .
26 Gao et al. Moderna 82/F AE 5 1 behavioral changes  hypertension - ﬁlzlfizﬁﬁiifihcﬁrelga; gl Pulse steroid Full recovery
posterior temporal lobe
CSF: elevated protein
. . Heart
Faciobrachial : S
) = . oras disease, : LG1 antibodies:
27 GarlEzThvﬂl AstraZeneca 71/M eﬁcnetl_ll;giltlis 28 1 dystomc.ls(;zlzures, hypertension Caa{1d1ac marked increase in Prednisolone Full recovery
etak p mi . and hyper- pauses serum, normal in CSF
pallhypaethesia lipidemia
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Table 1. Cont.
. Type of Onset Other Neuroimaging and
No. Author Vaccine Age/Sex Enczghalitis (']1;1;1}1’2) Dose Clinical Features Comorbidities Complaints CSF Angalygis Treatment Outcome
MRI: multiple ischemic
. . . strokes, meningitis,
R o apaccale infectious vasculits, and
’ -CoV- h hagi halitis
Johnson & severe hegdache, SA(E)S SI(\)/Y 2 Incomplete evﬁ?kl‘;r@(at%lrfs?grclegf tié .
28 Gogu et al. Johnson 45/M AHEM 30 agitation, Tolosa—Hunt  left oplhthal— lesion fo left Methylprednisolone Death
depressed level of Syndrome moplegla fronto-parieto-temporal
ConS(C:gomuzness, lobes with hypersignal
aspects on the T2, Flair,
and DWI images
Fever, agitation, Dexamethasone
. . Conﬁ;gsion CLL, herpetic CSF: pleocytosis, high Acyclovir, Free from focal
29 Grossi Pfizer /M AE 17 1 headach r d trigeminal Vomitin, albumin, oligoclonal Ceftri neurological
etal. BioNTech cadacne, an & & + 0118 eitriaxone, impairment after
Tonic-Clonic rash bands (+) Vancomycin, and 4 th
seizures Levetiracetam months
MRI: a subacute
infarction at the right
Acute-onset internal capsule and
amnesia, fever, and irregular vascular
general malaise for contour, which indicated Full recovery
. 2 days, incoherent a vasculopathy, such as Levetiracetam + without
30 Huang AstraZeneca 38/F Autoimmune 14 1 speech, difficulty - - vasculitis steroid pulse neurological
etal. Encephalitis LY . CSF: i . o
typing using SF: inflammation therapy deficit or
communication without pleocytosis sequelae
software, EEG: diffuse background
tonic—clonic seizure slowing with sharp
transients at the right
temporal region
MRI showed swelling
and contrast
enhancement of the
anterior part of the left
quor desaturation . optic nerves. Visual
in the ze(fit e}fh hygerrtferrlélion evoked potentials (VEP)
. Pfizer MOG en- assoclated wi ) Optic demonstrated .
31 Jarius et al. BioNTech 67/M cephalomyelitis 10 l}(left-cslld;d tergpor.al aniiir;tlegn ne1}1)ritis prolonged absolute and Methylprednisolone Favorable
eadache and pain p . relative P100 latency
upon €ye hyperplasia and marked amplitude
movement

reduction in the left eye
(by 40 ms and 73%,

respectively, compared
with the right eye)
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Table 1. Cont.
Type of Onset Other Neuroimaging and
No. Author Vaccine Age/Sex En czgh alitis (']1;;1)1’; Dose Clinical Features Comorbidities Complaints CSF Angalygis Treatment Outcome
MRI: multiple
hyperintense lesions in
T2 weighted and FLAIR
Nausea images located in both
I brain hemispheres,
32 Kania et al. Moderna 19/F ADEM 14 1 gfr?ai?krl:t’eﬁt\ggﬁ - \ézlg;stalﬂg’ pons, the medulla Methylprednisolone  Full recovery
neck pain oblongata, and
cerebellum
CSF: pleocytosis,
elevated protein and
RBC
MRI: lesion on the
Kobayashi Pfizer Brainstem : : i dorsa} pons actoss the -
33 tal BioNTech 46/F encehalitis 5 2 Diplopia Vasculitis - midline and no Methyprednisolone  Full recovery
etak gadolinium
enhancement
The patient’s
language
MRT: restricted function slowly
Hi:eiaecrgi’zfeeg et diffusion through the improved
convulsive seizure left insular and mesial substantially
cognitive decline ’ temporal cortices, hvlorednisol following
. : : : contrast enhancement ~ Methylprednisolone,  rituximab
34 Kwonetal.  AstraZeneca 57/F éﬁizlrﬁr;}ﬁge 5 1 mcl;;ﬁlrg;&tgﬁtlon Hypertension Myalgia CSF: pleocytosis, Immunoglobulin,  therapy, but the
P deficits alon v}\Ifith elevated protein, Rituximab memory
radu al% oligoclonal band (+) dysfunction
v%orsenin}é EEG: intermittent hardly improved.
dysphasia generalized delta Encephalomala-
y activity cia change was
observed in the
left temporal lobe
Disorientation,
inappropriate
behavior, headache,
gait imbalance CSF 1, OCB (+)
; :normal, +
L Sinopharm de}fhngdrrcgeer)l(lizry, MRI: nodular Full recovery and
35 eatz glr © and 26/F ADEM 28 1 a}I’l%sg osia. - - hyperintense lesions on  Methylprednisolone clear MRI after
' Sputnik V incoherent spoech, T2/FLAIR without 3 months
visuospatial failures, restricted diffusion
right upper limb

weakness, gait
ataxia
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Table 1. Cont.
: Type of Onset Other Neuroimaging and
No. Author Vaccine Age/Sex Enczghalitis (']1;1;1}1’; Dose Clinical Features Comorbidities Complaints CSF Angalygis Treatment Outcome
Hypertension, N 1
. L ormal,
Fever, p1i<0gresswe dhyp.erhpl(-:l CSF: pleocytosis, Dexan;itélasone 4 months later he
36 Lietal. AstraZeneca 55/M AE 7 1 weaxness, €mia, an - elevated protein, ANA received
consciousness sleep apnea (+); high D-dimer subcutaneous Moderna vaccine
disturbance under i fondaparinux with no sequelae
medication
CT chest; normal MRI
o brain: hyperintensities
M " Headache. altered glllgrsr;erMSII;eapl)hrlhs, in bilateral medial Methylprednisolone,
37 aléa;rgla OM - AstraZeneca 64/M LE 10 1 sgﬁsgﬁu%afe$§r ]mgm - temporal lobe and head  plasma exchange, Improved
. 4 pu bolrilary and proximal body of and rituximab
€mbolism hippocampus (L > R)
CSF: pleocytosis
MRI spine:
longitudinally
extensive transverse
A brisk jaw myelitis
jerk, spastic MIE{I brain: T2, FLAIR
i T ties i
Fever,urinary  duadripare- bilateral middle .
38 Maramattom oo o 46/M ADEM 5 1 complaints, loss of , ) cerebellar peduncle (left methylprednisolone, Improved
etal. progressive . ; ; plasma exchange
; posterior > right), pontine
paraparesis .
column tegmentum, right
sensations till paramedian medulla,
the T6 level and left
thalamocapsular region
CSF: encephalitis panel:
negative
MRI brain and spine:
Progressive bilateral corticospinal
Maramattom paresthesia of legs, _ . tract hyperintensities methylprednisolone
39 etal AstraZeneca 64/M ADEM 20 2 followed by UL, Dorsal cord and Rituximab Improved
spastic paraparesis hyperintensity at D8-9
CT: normal
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Table 1. Cont.
. Type of Opset Other Neuroimaging and
No. Author Vaccine Age/Sex Enczghalitis (']1;1;1}1’2) Dose Clinical Features Comorbidities Complaints CSF Angalygis Treatment Outcome
CSF: opening pressure
32cm HO2
CSF parameters normal
serum and CSF
autoimmune Decompression
. . MRI: initial MRI: Good recover
Maramattom Persistent daily . 1 i land of lesion . y
40 AstraZeneca 42/F LE 5 1 - Papilledema eptomeningeal an . - with some
etal. headache P sulcal enhancement; 25 ~ Excisional biopsy, symptoms
days later: large right prednisolone
temporal irregular
enhancing lesion with
significant perilesional
edema
After 2 weeks, he
Diplopia, was al?le to walk
dysarthria, . Cough, without
Bickerstaff consciousness Piggé(r)#s vomiting, Methylprednisolone, tﬁsmstancle andl
41 Monte Pfizer Lckersta 5 disturbance, fever, 1 ophthalmo- “ethy’p » the neurologica
tal. BioNTech 15/F bramstem 3 asthenia, limb mycoplasma lewia Both normal immunoglobu- examination was
€ encephalitis pd . pneumoniae plegia, lins normal. Six
paresthesia, cranial infection abnormal weeks after the
nerve paresis, and blink reflex disease onset, the
gait unsteadiness blink reflex was
normal
Agitation,
headache delirium, CT . 1
and .disorienta'tion ﬁngicr?g:'v?i?ﬁrﬁg
42 Mgts }:ﬁm AstraZeneca 27/M HSE 8 1 art121 t;)renoef)llg Csi,iltct‘(/)\?e, d - Vomiting .evidence of Acyclovir Improved
psychomotor Mﬁfoalﬁeégff:ﬂ
activity, and loss of ’
alertness
MRI: T1/FLAIR
hyperintense lesions
Headache, fatigue, involving the
photophobia, subcortical white Improvement in
bilateral visual Photophobia, matter, posterior limb response
Nagaratnam disablement, blurred of bilateral internal . bilaterally with
3 etal. AstraZeneca 36/F ADEM 14 subjective color ) visioninthe  capsules, pons and left Methylprednisolone responses being
desaturation, right eye middle cerebellar detectable on the
aching eye peduncle, multiple left eye
movements internal punctuate foci

of gadolinium contrast
enhancement
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Table 1. Cont.
. Type of Onset Other Neuroimaging and
No. Author Vaccine Age/Sex Enczghalitis (']1;1;1}1’2) Dose Clinical Features Comorbidities Complaints CSF Angalygis Treatment Outcome
Constitutional
symptoms, )
. CSF: pleocytosis
Sinopharm . memory . P eoryrosts, Steroids, IVIG
Anti-NMDAR disturbance, _ _ oligoclonal band (+), 3 4 ¢
44 Naz etal. S 1ftr;1ci1k v 33/F encephalitis 4 2 confusion, fish CT and MRI (—), blood TRI;tIﬂi)i(r’nirll)d Full recovery
P mouthing NMDA test (—)
movement and
seizures
Vertigo, fatigue, Abdominal
disorientation, DM, ischemic  pain, fatigue, ~ MRI: bilateral foci (>20)
Permezel declining cognition,  heart disease ketoacidosis, of high T2 and FLAIR Corticosteroids,
45 et al. AstraZeneca 63/M ADEM 12 1 impaired attention, and atrial and silent signal in the white plasmapheresis Death
poor fibrillation myocardial matter
responsiveness infarction
CSF: elevated protein,
elevated glucose,
Binocular diplopia, lymphocytic
paresthesia, hand ~ Fibromyalgia, pleocytosis; MRI: Expectant,
Rastogi N numbness, migraines, Dizzi multiple focal poorly ithout . Ongoi dual
o et alfg Moderna H/E Rhombencephalitis 12 2 decreased and carpel 151%2;;5, defined regions of c:‘/gitic%l;teerr(?i}cjllsn(fr ?r%%rrcl)%grl;fenlia
sensation, tunnel contrast enhancement antimicrobials
cerebellgr syndrome in the cerebral cortex,
dysfunction deep grey matter,
brainstem, and
cerebellum
MRI: large, poorly
marginated
T2-weighted Complete clinical
Numbness of limbs, hyperintensities in the recovery and no
trunk and legs, pons, right cerebellar relapses, almost
slurred speech, peduncle, right entire resolution
difficulty thalamus, and multiple of the brainstem
Rinaldi swallowing, clums Reduced inal cord segments. : and spinal cord
47 AstraZ 4 ADEM 12 1 & y - . . spinal cord segments.  \fothy] 1 p
ot al. straZeneca 5/M right-hand visual acuity All lesions, except the ethylprednisolone lesions at the
movements, thalamic one and a dorsal/conus
dysart‘hria, single dorsal spinal medullaris level,
dysphagia, urge area, showed blurred and further
incontinence shrinkage of

gadolinium
enhancement on
T1-weighted images
CSEF: pleocytosis

cervical areas
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Table 1. Cont.
. Type of Opset Other Neuroimaging and
No. Author Vaccine Age/Sex Enczghalitis (']1;1;1}1’2) Dose Clinical Features Comorbidities Complaints CSF Angalygis Treatment Outcome
CSF: high protein, MRI: Discharged in a
pytiform-pattern Methylprednisolone, deeply comatose
Pfizer Acute Coma, seizure, diffusion restriction in 1y pr ’ Py
48 Saad et al. BioNTech 69/F encephalopathy 5 status epilepticus - - the right hemisphere antibiotics, and status on day 30
. antivirals of hospital
and left frontoparietal dmissi
region admission
Fever, attention and . (%OY.ID'lhg
cognition intection, hy- Atrial
disturbances pertension, fibrillation,
confusion, ’ DM, h'y-' pneumonial, Mg(l:lfeatulrles of |
hyperactivity, pothyroidis, sepsis, cerebral small vesse Methylprednisolone, Hospitalization
Sawczynska delusions, chorea urinary ulmonar disease, dlffgse wl'u.te diazepam, for
49 ¥ Unknown 77/F AE 14 1 : , . 1 ’ incontinence, p hary matter hyperintensities, ‘epam, .
etal. orofacial and multipl embolism, . . remdesivir, IVIG, non-neurological
ple . cortical and subcortical L ) .
dyskinesia, malignancies urinary tract atrophy and antiepileptic complications
Swing, seres,  InTemission, TGO EEG: FIRDA patern
4 , light A
hemiparesis, loss of cosg;gition arthritis
consciousness disturbances
CSF: a cell count of four
cells/mm?3 (all
mononuclear
leukocytes), an
increased protein level,
IgG index was elevated
(1.13)
Rheumatoid MRI: hyperintensities Intravenous
50 Senda et al Pfizer 72/F Acute Menin- 3 1 Decg;iisigi;ﬁ‘égi of vasculitis, General in white matter of the steroid pulse and Improved
* BioNTech goencephalitis headache DM, and hy- fatigue bilateral frontotemporal ~ gammaglobulin p
perlipidemia areas on DWI, more on therapies

the right side
FLAIR images: diffuse
cerebral cortex swelling
in bilateral
frontotemporal areas,
also stronger on the
right side
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Table 1. Cont.

Onset . .
No. Author Vaccine Age/Sex Enfzgﬁa(ﬁtis (']1;;1}1’; Dose Clinical Features ~ Comorbidities Cor?lgi:irnts Negl;i:lngirllg;ll;gi:nd Treatment Outcome
Dysarthria,
abnormal After 1 week, her
movements ; catatonia, rigidit
! . MRL: swelling of th - MIgICILy,
_anxiety, fever, hi;;loecalrnniﬁs ¢ and drooling had
réag;gtlg{igyrsrtg?gi’ encephalomalacia in Methylprednisolone, H}Il‘provi‘;' anli
; , ; : ; she could wa
51 Shinet al. AstraZeneca 35/F Autoimmune 5 1 aphasia, B Sinus front(?parletal lobes lmmupoglobu— for a short
encephalitis jaw-opening tachycardia EEG: diffuse beta wave  lins, distance without
dystonia, activity, intermittent rituximab assistance:
hypophonia, generalized delta however, she still
drooling, reduced activity had significant
voluntary rigidity
movements
Fever, cognitive :
deficits, left CSF: pleocytosis, Regiggﬁtrilgermal
deviation of the elevated protein, :
52 Shyu et al. Moderna 58/F AE 7 1 head and eyeballs, - - CSF /serum albumin Dexamethasone fugf;é}ol;\rarég xifrvlas
and mild weakness ratio of 19.7 13 d§ S
of the right UL Yy
CSF: elevated protein
and microalbumin
EEG: continuous
diffuse slowing in the
theta and delta ranges, Healthy and
Coma, status PR . Y
53 Shyu et al. Moderna 21/M AE 7 1 epilenticus - - indicating moderate Methylprednisolone seizure free after
priep diffuse cerebral 3 months
dysfunction
SPECT: hypoperfusion
in the right temporal
region
Agitation, physical CSF: pleocytosis,
boost aggression, mutism, elevated protein Ceftriaxone, ffulérgcovefzry
54 Sluyts et al. Moderna 48/3 AE 6 (:iog’s:r left arm: paretic - Bradyphrenia ~ MRI: small left internal ~ amoxicilline,and " ayc_;, rom
and atactic, capsule developmental acyclovir ailtriﬂggi(fn

confusion

venous anomaly
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Table 1. Cont.

Onset

No. Author Vaccine Age/Sex E n{Zgﬁ a(igti s (']1;;1)1’; Dose Clinical Features Comorbidities Cor?lgi:irnts Neggi:mgig;ll;’%i:nd Treatment Outcome
She remains on
low-dose
olanzgpine and is
Headache, fatigue, functionally well
confusion, CSF: opening pressure Ceftriaxone, with independent
Takata Autoimmune agitation, _ _ of 30 cm H,O, acyclovir, activities of daily
55 et al. AstraZeneca 22/F encephalitis Few 2 hallucinations, pleocytosis, IgG lorazepam, and living, but her
fever, oligoclonal bands (+ve) olanzepine family reports
disorientation that she has not
recovered back to
her pre-morbid
state
Edematous
Coronary ) erythem?— CSF: ol tosi
L. arter ous papules CSE: pleocytosis, )
Torrealb ] - rgéf\ilsnissééizﬁg diseas e,yhy— and p.laques increased p.rotem Methylprefimsolone
56 a-Acosta G Moderna 77/M Meningoencephalitis 2 1 double vision, erlipidemia with VEEG: generalized slow following Full recovery
etal. confusion I;n d }}Zypothy: overlying theta range with state prednisone
roidism pustules on changes and reactivity
the trunk and
abdomen
1, Malaise, headache, Cﬁ%ﬁﬁ:ﬁiﬁiﬁ;‘gﬁ?
Vences Pfizer relapse  fever, confusion, : Ty .
57 etal BioNTech 72/M AE 1 ir? aggressiveness, and - - encephahtls at the Methylprednisolone Favorable
42 Ait alterations _anterior frontal and
& bilateral temporal lobes
MRI: hyperintensities
on FLAIR sequences
. X . . i lving the left
Vogri Pfizer Malaise, chills, nvoving .
58 etgal,g BioNTech 56/F ADEM 14 1 unsteadiness of gait - - Cgrebellar peduncle, Prednisone Full recovery
with moderate mass
effect on the fourth
ventricle
MRI: weak FLAIR
Malaise, headache, hyperintensity of the
taste disorder, facial P brai Y
’ t ,
59 Walter Pfizer 30/M RE 21 5 paralysis (left side), meseniaelg}slael?n and Methvlprednisol Fqll recovery
etal. BioNTech / gait disturbance by B B cerebellar around the ethylprednisoione Wltgvl;isf ow
ataxia, hypoglossal fourth ventricle without

nerve paralysis

contrast enhancement
CSF: pleocytosis
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Table 1. Cont.

Onset . .
No. Author Vaccine Age/Sex En{Zgﬁa(iftis (']1;;1}1’2) Dose Clinical Features ~ Comorbidities Cor?lgi:irnts Negl;i:lngirllg;ll;gi:nd Treatment Outcome
Cerebral magnetic
resonance imaging:
swelling in the (para-)
Fever, headache, hippocampal region
visual impairment, predominantly on the
behavioral changes, left hemisphere and .
recurrent focal to bilateral subcortical L?Vetlrace.(tiam,
60 Werner Pfizer 35/F Autoimmune 5 5 b1.1ate1ral. _ Skin rash subinsular FLAIR nig?ﬁa{n ieﬁ’_ Partial recover
etal. BioNTech encephalitis , fonic-clonic hyperintensities. ney'p y
seizures, reduced Corebrospinal fluid nisolone, and
level of Drosp . plasma exchange
consciousness, and analysis: a lymphocytic
choreatic pleocytosis of
movements 7 cells/pL and normal
protein and
immunoglobulin
parameters
Brain MRI:
Hyperintense foci
within the left cerebral
peduncle, left
Intermittent corticospinal tract, right Heparin,
and N Sinopharm myalgia, drooling, N agd legt slildess (?f p]?/r[llzl Ié?ptgpraque,
azdanpana progressive ausea, and medulla Spine : indamycin,
61 otal. s lf;cilk v 37/M ADEM Few 1 weakness of - vomiting unremarkable Magnetic ~ Parace tamc})ll, and Full recovery
p 4 limbs, bilateral f, resonance spectroscopy Methylpred-
dysphagia (MRS): confirmed the nisolone
demyelination process
by the presence of
Myoinositol and
Choline peaks
Fatigue, memory MRI: hyperintense Recovered, but
Zlotnik Pfizer Anti-LGI1 deficit, . ’ - . still faces some
62 etal. BioNTech 48/M encephalitis 18 2 anterograde ) ) signal on both medial -~ Methylprednisolone o\ - iive skills
amnesia temporal lobes difficulties
Headache ;
- CSF: pleocytosis
: concentration . Normal state of
63 thh Eﬁm AstraZeneca 21/F Aelézc;grﬁgrﬁge 5 1 difficulties, fever, - - EEG: dlifﬁ;fhsrg)w theta Dexamethasone the parenchyma

malaise, epileptic
seizure

without sequelae
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Table 1. Cont.
. Type of Onset .. ‘e Other Neuroimaging and
Vaccine Age/Sex Encephalitis (']1;1;1}1’; Clinical Features Comorbidities Complaints CSF Analysis Outcome
Gait deterioration, Oralantico-  EEG: diffuse sl
Autoimmune twitching, agulation th.eta1 rklllstehi?w Normal state
AstraZeneca 63/F by 6 opsoclonus- ’ 2 . ’ ; yeum, Methylprednisolone of the
encephalitis vigilance CSF: pleocytosis h
myoclonus divord parenchyma
isorder
syndrome
Further im-
provement
Autoimmune . . could be
AstraZeneca 63/M encephalitis 8 Fever, aphasia - - CSF: pleocytosis oebvsi(ggr?éié (r)‘lfo
structural
lesions
Normal IgG index < 0.66. UL: upper limb, FBDS: Faciobrachial dystonic seizures, DM: diabetes mellitus, PD: Parkinson disease, MS: Multiple sclerosis
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Table 2. Summary of patients’ characteristics, common symptoms, laboratory and imaging findings,

treatment, and treatment outcomes of patients with post-COVID-19 vaccine encephalitis.

Variable Descriptive Statistics
Male 36 (55.4%)
Sex (%) Female 28 (43.1%)
Transgender male 1 (1.5%)
Age (mean £ SD) 46.82 +£19.25
Period after vaccination in
days (mean £ SD) 9.97 £7.16
Vaccine Subtypes (%) AstraZeneca 25 (38.5%)
Pfizer BioNTech 22 (33.8%)
Moderna 11 (16.9%)
Sinopharm and Sputnik 5 (7.7%)
Johnson & Johnson 1(1.5%)
Unknown 1 (1.5%)
Vaccine dose (%) 1st 41 (66.1%)
2nd 18 (29%)
3rd 1(1.6%)
4th 2 (3.2%)
Encephalitis Subtypes (%) Acute encephalitis 11 (16.9%)
ADEM 14 (21.5%)
AHEM 4 (6.2%)
Other 36 (55.4%)
Headache (%) 20 (30.8 %)
Fever (%) 23 (35.4 %)
Seizure (%) 15 (23.1 %)
Abnormal movement (%) 24 (36.9 %)
CSF findings (%)
Pleocytosis 32 (49.2 %)
High protein 7 (10.8 %)
Antibodies positive 6 (9.2 %)
MRI findings (%)
Abnormal 40 (61.5 %)
Treatment (%) Steroids 56 (86.2 %)
Immunoglobulins 15 (23.1 %)
Plasmapheresis 9 (13.8 %)
Antiviral 10 (15.4 %)
Immunosuppressive drug 53 (81.5 %)

Treatment outcome (%)

Full recovery 41 (63.1 %)

Residual Symptoms 11 (16.9 %)
Extensive rehabilitation 9 (13.8 %)
Death 4 (6.2 %)

Hemicraniectomy, Tolosa
Hunt Syndrome,
Diabetes type 2, ischemic
heart disease, atrial fibrillation

Death-associated
comorbidities

2.4. Quality Assessment

For included case reports and case series, we used the Joanna Briggs Institute (JBI)
quality assessment tools, based on the clinical features, history, diagnoses, interventions,
and management plans. Fourteen letters to the editor were excluded from the assessment
due to a lack of appropriate assessment tools. Two authors assessed the quality of included
studies and resolved conflicts by consensus. For case reports, JBI domains included eight
questions, and the case series checklist assessed ten domains. Grades were assigned such that;
Low risk: 75-100%, Moderate: 50-74%, High risk < 50%. High-risk studies will be excluded.
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3. Results

Out of 1395 studies identified from databases, 280 were excluded as duplicates. We
screened 1079 records at a title and abstract level, through which we excluded 1030 records
for irrelevancy. At this point, 15 studies retrieved from previous studies and 16 records
identified manually through a Google Scholar search were compared with studies eligible
for full-text screening (n = 49), excluding duplicates. In total, 80 records were assessed
through full-text screening, from which 11 studies were excluded for reporting CNS in-
fections other than encephalitis and non-COVID-19 vaccination; 14 systematic reviews,
literature reviews, and meta-analyses were excluded; 3 studies were excluded for being
high risk on quality assessment. In total, 52 studies were included in the final qualitative
synthesis, see Figure 1.

3.1. Patient Characteristics

Patients” mean age was (46.82 SD 19.25) years, 55.4% of patients were males (37/28),
and one case presented as a transgender male. Twenty-four patients (36.9%) had several
comorbidities, including hypertension, DM, PD, heart disease, hypothyroidism, polymyal-
gia rheumatica, polyallergy, herpes simplex, migraine, MS, irritable bowel, kidney disease,
hyperlipidemia, SARS-CoV-2, Tolosa-Hunt syndrome, CLL, benign prostate hyperplasia,
pulmonary embolism, mycoplasma pneumonia, vasculitis, and fibromyalgia. The mean
time for symptoms appearance post-vaccination was 9.97 £ 7.16, which was mostly re-
ported after the first dose (66.1%), followed by the second dose (29%), the booster dose
(3.2%) and the third dose (1.6%), see Table 2.

3.2. Clinical Presentation

Of all 65 patients, 11 presented with Acute encephalitis (16.9%), 15 with Acute dis-
seminated encephalomyelitis (ADEM) (23.1%), 4 with Acute hemorrhagic encephalitis
(AHEM) (6.2 %), and 35 cases with other types of encephalitis (53.8%) encompassing: un-
specified Autoimmune encephalitis, Anti-LGI1 encephalitis, Anti-NMDAR encephalitis,
Meningoencephalitis, Acute encephalopathy, Herpes simplex encephalitis, Rasmussen en-
cephalitis, Limbic encephalitis, Bickerstaff Brainstem Encephalitis, Brainstem encephalitis,
Encephalomyelitis, Multifocal Necrotizing Encephalitis, Anti-GAD encephalitis, and MOG
encephalomyelitis, see Table 1.

All 65 patients presented with both neurologic symptoms. Most occurring neuro-
logic symptoms were fever in 23/65 (35.4%) and abnormal movements in 24 /65 (36.9%),
headache occurred in 20/65 (30.8%) patients, and seizure occurred in 15/65 (23.1%) patients,
see Table 2. Other reported neurologic symptoms included dysarthria, aphasia, dysphasia,
altered mental status, gait disturbance, cognitive decline, general weakness, hypophonia,
ataxia, disturbed conscious level, paraplegia, numbness, areflexia, agitation, spasms, FBDS,
behavioral disturbances, memory impairment, status epilepticus, Lhermitte’s phenomenon,
paraparesis, hypoesthesia, sphincter dysfunction, Babinski sign, hallucinations, sponta-
neous defecation, psychosis, coma, urinary retention, diplopia, photophobia, psychological
changes, hypoglossal nerve paralysis, dizziness, taste disorder, and facial nerve paralysis.
Non-neurologic symptoms were present in 36 patients (55.3%) and included: ophthal-
moparesis, ophthalmoplegia, papilledema, optic neuritis, photophobia, blurred vision,
aspiration pneumonia, cough, palpitation, myocarditis, bradyphrenia, sinus tachycardia,
cardiac pauses, silent myocardial infarction, atrial fibrillation, abdominal pain, constipation,
diarrhea, dehydration, hypersomnia, myalgia, dizziness, back pain, fatigue, loss of appetite,
ketoacidosis, sepsis, urinary tract infection, reactive arthritis, and skin rash. Three patients
(4.6%) were hospitalized, see Table 1.

3.3. Investigations and Diagnostic Results

Diagnostic test results were primarily available for CSF and MRI findings; 61.5%
(40/60) of MRI results were abnormal with the following findings: FLAIR, T2, and DWI
hyperintensities in various regions, central focal hemorrhage, bilateral white matter lesions,
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minimal T2 sulcal hyperintensity without contrast enhancement, plaques in periventricular,
juxtacortical and cortical areas, swelling and hyperintensities of the anterior part of the optic
nerves, restricted diffusion through insular and mesial temporal cortices, swelling of the
hippocampus, encephalomalacia in frontoparietal lobes, blurred gadolinium enhancement
on T1-weighted images; for MRI spine: multiple enhanced lesions of the spinal cord were
found in addition to longitudinal edema along the thoracic spinal cord with contrast
enhancement and longitudinally extensive transverse myelitis. In CSF, the most common
finding was pleocytosis (48.5 %). Seven patients (10.8%) had high protein in their CSF
samples, and six had positive CSF antibodies, including ANA, Anti-LGI1, SARS-CoV-2
spike S1 RBD IgG, anti-NMDA, intrathecal IgA, and IgM.

3.4. Treatment Plan and Its Outcomes

All 65 patients received a spectrum of medical treatments (steroids, IVIG, antivirals,
immunosuppressive drugs, plasmapheresis, antibiotics, anticonvulsants, and analgesics),
and 2 patients received anticoagulants. Most patients, i.e., 56 (86.2%), received steroids
and immunosuppressive drugs, while 53 (81.5%) received drugs such as rituximab and
tocilizumab. In total, 15 received immunoglobulins (23.1%) and 10 received an antiviral
treatment (15.4%). Only 9 patients received plasmapheresis (13.8%).

Overall, 41 patients made a full recovery (63.1%), 11 had residual symptoms (16.9%),
and 9 were transferred to a rehabilitation facility for extensive residual symptoms, including
hypophonia, disturbed conscious level, dysphagia, vegetative state or coma, short-term
memory loss, and tonic-clonic seizures. Four patients (6.2%) died, see Table 2.

The type of vaccine administered was not statistically associated with any specific
outcome (p = 0.124), see Table 3; however, patients with autoimmune encephalitis and other
subtypes were more likely to undergo full recovery (p < 0.001), see Table 4. Patients who
did not receive plasmapheresis were more likely to make a full recovery (p = 0.002), see
Table 5 and Figure 2.

Table 3. Relation between the type of vaccine and the outcome of treatment.

Outcome
. Full Residual Extensive
Vaccine Recovery Symptoms Rehabilitation Death Total  p-Value
AstraZeneca 13 4 6 2 25 0.124 *
52.0% 16.0% 24.0% 8.0% 100.0%
Pfizer
BioNTech 14 5 3 0 22
63.6% 22.7% 13.6% 0.0% 100.0%
Moderna 9 1 0 1 11
81.8% 9.1% 0.0% 9.1% 100.0%
Sinopharm
and Sputnik V > 0 0 0 >
100.0% 0.0% 0.0% 0.0% 100.0%
Johnson & 0 0 0 1 1
Johnson
0.0% 0.0% 0.0% 100.0% 100.0%
Unknown
mRNA 0 1 0 0 1
vaccine
0.0% 100.0% 0.0% 0.0% 100.0%

* Fischer’s exact test.
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Table 4. Relation between the subtypes of encephalitis and the outcome of treatment.
Outcome
Encephalitis Full Residual Extensive
Subtype Recovery = Symptoms Rehabilitation Death Total p-Value
Acute 10 1 0 0 11 <0001+
encephalitis
90.9% 9.1% 0.0% 0.0% 100.0%
ADEM 10 2 1 2 15
66.7% 13.3% 6.7% 13.3% 100.0%
AHEM 0 0 2 2 4
0.0% 0.0% 50.0% 50.0% 100.0%
Other 21 8 6 0 35
60.0% 22.9% 17.1% 0.0% 100.0%

* Chi-square test.

Table 5. Comparison between the outcome of patients who underwent plasmapheresis versus
patients who did not undergo plasmapheresis.

Outcome
. Full Residual Extensive
Plasmapheresis Recovery ~ Symptoms Rehabilitation Death Total p-Value
Plasmapheresis 2 1 4 2 9 0.002 *
22.2% 11.1% 44.4% 22.2%  100.0%
Without 39 10 5 2 56
Plasmapheresis
69.6% 17.9% 8.9% 3.6% 100.0%
* Chi-square test.
B Full recovery
Ea Residual Symptoms
“«q;: Without Plasmapheresis = Extensive rehabilitation
E B3 Death
|5
£
= Plasmapheresis
Tr-r-r-r—-r——r—tT—r-r-r--rrrr
0 50 100

Percentage (%)

Figure 2. Comparison between the outcome of patients who underwent plasmapheresis versus
patients who did not undergo plasmapheresis.

3.5. Quality Assessment

Fifty-two case reports and three case series were assessed using the JBI checklist, see
Table 6. Most case reports (n = 40) had a low risk of bias, nine had a moderate risk, and
three had a high risk of bias. All three case series had a moderate risk of bias; data are
shown in Table 7. Three high-risk studies were excluded.
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Table 6. Joanna Brigg’s institute critical appraisal checklist for case reports.

Author’s Name Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Total % ROB
Ahmed et al. No Yes Yes Yes Yes Yes No Yes 6 75% Low risk
Ahmed et al. No No Yes Yes Yes Yes No Yes 5 63% Moderate risk

Ahn et al. No No Yes Yes Yes Yes Yes Yes 6 75% Low risk
Albsheer et al. No Yes Yes Yes No No No Yes 4 50% Moderate risk
Aljamea et al. ucC Yes Yes Yes Yes Yes Yes Yes 7 88% Low risk
Al-Quliti et.al No Yes Yes Yes Yes No No Yes 5 63% Moderate risk

Ancau et al. No Yes Yes Yes Yes Yes Yes Yes 7 88% Low risk
Asaduzzaman et al. No Yes Yes Yes Yes Yes Yes Yes 7 88% Low risk
Autjimanon et al. No Yes Yes Yes Yes Yes ucC Yes 6 75% Low risk
Bastide et al. No Yes Yes Yes Yes Yes Yes Yes 7 88% Low risk
Cao et al. No Yes Yes Yes Yes Yes ucC Yes 6 75% Low risk
Ebadi et al. No Yes Yes No No No No Yes 3 38% High risk
Escola et al. No Yes Yes Yes Yes Yes Yes Yes 7 88% Low risk
Etemadifaret et al. No Yes Yes Yes Yes Yes Yes Yes 7 88% Low risk

Fan et al. No Yes Yes Yes Yes Yes No Yes 6 75% Low risk

Fernandes et al. No Yes Yes Yes Yes Yes Yes Yes 7 88% Low risk

Flannery et al. No Yes Yes Yes Yes Yes No Yes 6 75% Low risk
Gao et al. No Yes Yes Yes Yes Yes No Yes 6 75% Low risk
Garibashvili et al. No Yes Yes Yes Yes Yes No Yes 6 75% Low risk
Gogu et al. Yes Yes Yes Yes Yes Yes Yes Yes 8 100% Low risk
Grossi et al. Yes Yes Yes Yes Yes Yes Yes Yes 8 100% Low risk
Huang et al. No Yes Yes Yes Yes Yes No Yes 6 75% Low risk
Jarius et al. Yes Yes Yes Yes Yes Yes No Yes 7 88% Low risk
K. Kania et al. No Yes Yes Yes No Yes ucC Yes 5 63% Moderate risk
Kobayashi et al. Yes Yes Yes Yes Yes Yes No Yes 7 88% Low risk
Kobayashi et al. No Yes Yes Yes Yes Yes No Yes 6 75% Low risk
Kwon et al. Yes Yes Yes Yes Yes Yes Yes Yes 8 100% Low risk
Lagioia et al. No Yes No No No No No No 1 13% High risk
Lazaro et al. No Yes Yes Yes Yes Yes No Yes 6 75% Low risk
Lietal. No Yes Yes Yes Yes Yes No Yes 6 75% Low risk

Morz et al. No Yes Yes No No No No Yes 3 38% High risk

Moslemi et al. No Yes Yes Yes Yes Yes Yes Yes 7 88% Low risk
Nagaratnam et al. No Yes Yes Yes Yes Yes Yes Yes 7 88% Low risk
Naz et al. No Yes Yes Yes Yes Yes ucC Yes 6 75% Low risk
Permezel et al. No Yes Yes Yes Yes Yes Yes Yes 7 88% Low risk
Rastogi et al. No Yes Yes Yes Yes Yes ucC Yes 6 75% Low risk
Rinaldi et al. No Yes Yes Yes Yes Yes No Yes 6 75% Low risk
Saad et al. No No Yes No Yes Yes Yes Yes 5 63% Moderate risk
Sawczyriska et al. No No Yes Yes Yes Yes Yes Yes 6 75% Low risk
Senda et al. Yes Yes Yes Yes Yes Yes No Yes 8 100% Low risk
Shin HR et al. No Yes Yes Yes Yes Yes Yes Yes 8 100% Low risk
Shyu et al. No No Yes Yes Yes Yes No Yes 5 63% Moderate risk
Sluyts et al. No Yes Yes Yes No No No Yes 4 50% Moderate risk
Takata et al. Yes Yes Yes Yes Yes Yes Yes Yes 8 100% Low risk
Torrealba-Acosta et al. No Yes Yes Yes No Yes ucC Yes 5 63% Moderate risk
Vences et al. No Yes Yes Yes Yes Yes Yes Yes 7 88% Low risk
Vogrig et al. No Yes Yes Yes Yes Yes Yes Yes 7 88% Low risk
Walter et al. No No Yes Yes Yes Yes NA Yes 5 63% Moderate risk
Werner et al. No Yes Yes Yes Yes Yes ucC Yes 6 75% Low risk
Yazdanpanah et al. Yes Yes Yes Yes No Yes No Yes 6 75% Low risk
Zlotnik et al. No Yes Yes Yes Yes Yes Yes Yes 7 88% Low risk
Zuhorn et al. No Yes Yes Yes Yes Yes No Yes 6 75% Low risk

Table 7. Joanna Brigg’s institute critical appraisal checklist for case series.

Author’s Name Q1 Q2 03 Q4 05 06 Q7 08 Q9 Q10 Total % ROB
Asioli et al. Yes Yes Yes Yes Yes No UC Yes Yes NA 7 70% Moderate risk
Ballout et al. Yes No Yes Yes Yes No Yes No Yes NA 6 60% Moderate risk
Maramattom et al. Yes UC Yes No UC UC No Yes Yes Yes 5 50% Moderate risk

4. Discussion

In our sampled data, the majority of affected cases were males. According to the demo-
graphic distribution, encephalitis was likely to affect all ages, with the highest incidence in
patients in their 40s. Most patients complained of encephalitis after the first dose 1-2 weeks
post-vaccination. AstraZeneca was the most reported vaccine followed by Pfizer, Moderna,
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and others. Unlike typical diagnostic criteria for encephalitis (major criteria of patients
presenting with altered mental status lasting >24 h with no alternative cause identified),
the most occurring symptoms in our study were abnormal movements, fever, headache,
and seizures [30]. CSF encephalitic findings and MRI abnormalities were evident in almost
two-thirds of included patients. Most patients received corticosteroids as a part of the
immunosuppressive regimen and achieved full recovery. However, death was common in
patients who received plasmapheresis, which, to our understanding, could be contributed
to the already late presentation and severe symptoms, which prompted plasma exchange
therapy in the first place.

Although the exact etiology of vaccine-induced encephalitis is still not fully under-
stood, it could be attributed to different potential mechanisms of vaccine-induced au-
toimmune diseases. COVID-19 vaccine was shown to trigger proinflammatory cytokine
expression and the response of T-cells as in other vaccines [31]. This is important because
these cytokines may reach the brain and activate microglial cells resulting in neuroinflam-
mation [32]. However, the possible molecular mimicry between the vaccine antigens and
self-antigens, or the acceleration of an ongoing autoimmune process caused by vaccines
are still considered potential mechanisms [33].

Myalgia and general weakness were considered the most reported symptoms in a
previous clinical trial assessing the safety of the AstraZeneca vaccine; notably, only two
cases presented with neurologic symptoms, such as demyelinating polyradiculoneuropathy
and hypoesthesia. Nonetheless, no encephalitis-associated symptoms were reported [34].
To our knowledge, no other clinical trials reported encephalitis post-vaccination. As the
vaccinated population increased, several SARS-CoV-2 vaccines have been associated with
neurological side effects on follow-up observational studies [35]. Most reported cases in
the literature were immunized by AstraZeneca and Pfizer. The incidence of encephalitis
after vaccination with the AstraZeneca and Pfizer-Biontech mRNA vaccines was estimated
to be 8 per 10 million and 2 per 10 million vaccination doses, respectively, which de-
notes an extremely rare incidence of adverse event occurrence in comparison to other
well-established vaccines such as hepatitis vaccines [24]. A previous systematic review ad-
dressing 11 patients with autoimmune encephalitis also corresponds with a greater majority
of AstraZeneca and Pfizer predominant case reporting (8/15) [31]. Consistent with our
findings, in which AstraZeneca and Pfizer comprised almost two-thirds of available cases.
However, no statistical correlation between vaccine subtype and encephalitis outcomes
could be established in our study. Generally, performing a lumbar puncture can suggest the
presence of encephalitic involvement [36]. Huang et al. presented 9/11 cases with lumbar
puncture findings indicating encephalitic changes. In our study, CSF sample abnormalities
were indeed reported in most cases followed by MRI abnormalities. Full recovery is indicated
in a greater percentage of all the aforementioned studies and also in our study.

Strengths and Limitations

The main strength of this systematic review is the use of a thorough search strategy to
locate studies for evaluation, minimizing selection bias. These studies were evaluated using
established critical appraisal tools and individually assessed by two authors to estimate
the risk of bias in each study. We were able to synthesize comprehensive descriptive statis-
tics. On the other hand, however, only 65 patients were included, which was considered
insufficient to reach a precise conclusion. For a clear association between encephalitis and
COVID-19 vaccination, a larger sample size with consistent reporting of clinical phases is
required. To reduce the reporting bias, more clinical trials with appropriate follow-up of
the treatment protocol must be analyzed. This would give a better insight into the severity
and prognosis of the condition. Other limitations inherent to the nature of our systematic
review of case reports and series follow naturally and must be considered.
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5. Conclusions

With the increasing population of vaccinated individuals, a growing body of literature
introduced a variety of rare side effects including encephalitis with its various subtypes.
Studies included in our report should prompt awareness of possible encephalitis cases with
presenting symptoms of abnormal movements, fever, and seizures, particularly 2-3 weeks
post-vaccination. Physicians must pay attention to such adverse effects as they can be easily
managed if noticed promptly and with excellent recovery rates. Further studies are needed
to understand the underlying pathophysiologic mechanism and investigate an association
relationship. Due to rarity of reported cases and good overall recovery, we still recommend
COVID-19 vaccination.
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