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Background: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is
associated with neurological complications, like various autoimmune encephali-
tis (AE) types. This study aimed to identify and analyze COVID-19 cases diagnosed
with anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis (anti-NMDARE).
Materials & Methods: This research summarized all post-pandemic reports. The re-
view was conducted based on PRISMA (preferred reporting items for systematic re-
views and meta-analyses) 2020 guidelines. Electronic databases were search using
search terms to find anti-NMDARE cases associated with COVID-19.

Findings: After analyzing 649 records, 16 patients (ten women and six men) with
a median age of 19.5 years were identified. All AE cases were confirmed by the
presence of anti-NMDAR IgG, dominant behaviour and mental status changes, psy-
chiatric symptoms, epileptic seizures, movement disorders, and sleep and speech
problems. Abnormalities were more common in electroencephalography (EEG) and
cerebrospinal fluid (CSF) than in brain MRI scans. All patients received first-line
guideline-based therapy (intravenous methylprednisolone, intravenous immuno-
globulin, plasma exchange), and five patients received second-line immunotherapy
(rituximab, azathioprine, cyclophosphamide). Nine out of 16 patients had complete
recovery or significant improvement.

Conclusion: Considering the magnitude of the pandemic and the few anti-NMDAR
encephalitis cases temporally diagnosed with COVID-19, this association was rela-
tively rare. The appearance of characteristic features of encephalitis during SARS-
CoV-2 infection necessitates further diagnostic tests, especially detection of au-
to-antibodies and possible neoplasm, since earlier diagnosis and treatment provide
a better prognosis. This review highlights the need for further investigation into the
co-occurrence of anti-NMDARE with COVID-19, long-term clinical outcomes, and
possible relapses.

Keywords: SARS-CoV-2, NMDA receptor, Autoimmune encephalitis, COVID-19 vaccination,
Immunotherapy
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Introduction

In addition to affecting the respiratory sys-
tem, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) could attack
other organs and systems, including the
nervous system which is affected in approx-
imately one-third of coronavirus disease
2019 (COVID-19) patients . Neurological
manifestations may involve both the central
nervous system (CNS) and the peripheral
nervous system (PNS). They are primar-
ily caused by non-specific complications
of the systemic disease, hypercoagulable
state, direct viral infection, hypoxia, and im-
mune-mediated injury @ 57,

The most common neurological manifesta-
tions are headache, dizziness, altered mental
status/confusion/delirium, myalgia, anos-
mia, ageusia, ataxia, or seizures. Neurologi-
cal complications of COVID-19 include: cere-
brovascular diseases, encephalopathy, my-
opathy, acute disseminated encephalomyeli-
tis (ADEM), polyneuropathy, Guillain-Barré
syndrome (GBS), Miller-Fisher syndrome
(MFS), meningitis, encephalitis, and menin-
goencephalitis 1819,

Neurological complications of COVID-19
could be para-infectious or post-infectious,
with neurological symptoms persisting or
developing in the post-acute phase, creating
a condition known as “long COVID” accord-
ing to the World Health Organization (WHO)

[5, 11, 12]

Among diverse neurological complications,
autoimmune encephalitis (AE) in the
course of COVID-19 has been described in
several articles [1% 1315 Anti-N-methyl-D-
aspartate (NMDA) receptor encephalitis
is the most common type of AE, in which
IgG auto-antibodies recognize and bind to
the GluN1 subunit of the NMDAR, inducing
reversible internalization of receptors in
the synaptic and extrasynaptic space [1¢
171, NMDA receptor (NMDAR) is mainly
involved in proper neuronal network
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development, synaptic plasticity, and higher
brain function. NMDA receptor subunits are
widely distributed in the brain, especially
in the limbic system 8. Therefore, anti-
NMDA receptor (anti-NMDAR) encephalitis
manifests in various ways, mainly changes
in mood and behaviour, psychosis, seizures,
autonomic dysregulation, encephalopathy,
and rarely movement disorders 141719, This
type of encephalitis, which was first reported
in 2007, is rare (1.5 cases per million people
per year) 2% In 2016, diagnostic criteria
were defined for its probable or definite
diagnosis. The criteria for its probable
diagnosis include: 1) rapid onset of at least
four major groups of symptoms including
abnormal behavior or cognitive dysfunction,
speech impairment, seizures, movement
disorder, decreased level of consciousness,
autonomic  dysfunction, and central
hypoventilation; 2) one or more positive
laboratory tests, including abnormalities
in electroencephalography (EEG) and/or
cerebrospinal fluid (CSF) with pleocytosis or
oligoclonal bands; 3) onset of three groups
of symptoms and identification of a systemic
teratoma; and 4) exclusion of recent history
of herpes simplex virus encephalitis or
Japanese encephalitis 2. Whereas the
criteria for its definite diagnosis include:
1) one or more major groups of symptoms
and the presence of IgG GluN1 antibodies
(antibody testing should include CSF; if only
serum is available, confirmatory tests should
be included) and 2) exclusion of other types
of encephalitis mentioned above [21,

According to Dalmau et al. (2019), 80%
of patients have a good prognosis after
immunotherapy, with 12% of relapses
occurring within the first 2 years after the
initial episode [2%. Anti-NMDA receptor
encephalitis is more frequent among young
females (81%) with a median age of 21
years [29, It may appear as a paraneoplastic
disorder, mostly with ovarian teratoma, or
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may be related to various vaccinations [1617-
19.22] Studies have shown that anti-NMDAR
encephalitis (anti-NMDARE) could be
triggered by viral infections, mainly herpes
simplex virus (HSV), Japanese encephalitis
virus (JEV), and varicella-zoster virus
(VZV) 2221, Moreover, during the COVID-19
pandemic, some studies reported cases of
anti-NMDAR encephalitis probably triggered
by SARS-CoV-2 infection.

Considering COVID-19 as a global problem
with a set of complications and long-term
consequences that are still unknown,
this systematic review was conducted to
identify and summarize published cases
of SARS-CoV-2 infection with anti-NMDAR
encephalitis.

Objectives: This study aimed to describe
the association of anti-NMDA receptor
encephalitis with SARS-CoV-2 infection and
to assess the clinical course, especially in
comparison with anti-NMDAR encephalitis
without concomitant COVID-19.

Materials and Methods

This systematic review was conducted in
line with the rules set by PRISMA (preferred
reporting items for systematic reviews and
meta-analyses) 2020 (http://www.pris-
ma-statement.org/). PubMed, Science Di-
rect, and Google Scholar databases were
searched (last search: 8 July 2023) to iden-
tify published articles (original articles, case
reports, clinical letters, letters to the editor,
and review articles) reporting COVID-19
cases with associated anti-NMDA receptor
encephalitis using the following keywords:
“COVID-19”, “SARS-CoV-2”, “NMDAR en-
cephalitis”, “anti-NMDAR encephalitis” and
“NMDA receptor encephalitis”. A total of 649
records were identified: 641 records in all
databases (12 records in Pub Med, 597 re-
cords in Google Scholar, and 32 records in
Science Direct) and eight records in a pre-
vious review [*. Published cases in En-
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glish with confirmed SARS-CoV-2 infection
and symptoms of anti-NMDAR encephalitis
that developed simultaneously with or af-
ter COVID-19 were included in this study.
Encephalitis was detected by the diagnostic
criteria suggested by Graus et al. (2016) 21
and the presence of anti-NMDAR antibodies
in CSF and/or serum. Cases in whom SARS-
CoV-2 or anti-NMDAR encephalitis was not
confirmed, or in whom anti-NMDAR en-
cephalitis occurred prior to COVID-19 were
excluded ®. Cases with anti-NMDARE ev-
idently triggered by the COVID-19 vaccina-
tion were also excluded. After screening and
applying the eligibility and inclusion criteria
detailed above, 15 studies comprising a total
of 16 cases were selected. The search strate-
gy process is shown in Figure 1.

Data extracted from the case descriptions
were: age, gender, medical comorbidities, di-
agnostic methods (SARS-CoV-2 tests, brain
imaging results, EEG, CSF analysis, auto-an-
tibodies, etc.), general and neuropsychiatric
symptoms, time intervals between COVID-19
and encephalitis onset, treatments, and clin-
ical outcomes. The reported cases are pre-
sented in Table 1 [26-49],

Findings

The literature review led to the identifica-
tion of 16 patients in different periods of
the SARS-CoV-2 pandemic, among them ten
cases were female, and six cases were male
in the age range of 10 months to 65 years
(nine adults) and a median age of 19.5 years,
they were diagnosed with SARS-CoV-2 and
anti-NMDAR encephalitis based on the pres-
ence of anti-NMDAR IgG in CSF (nine cases),
serum (one case), or both (six cases); specif-
ic clinical presentations; and additional labo-
ratory test results. Other comorbidities were
reported in four cases (patient no. 2, 10, 11,
13), such as mild hypertension, progressive
dementia, drug addiction, and epilepsy. The
most common presentations of SARS-CoV-2
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Previous studies [24]

Identification of new studies via databases and registers

Studies included in previous version of review (n=8)

Records identified from:
Databases (n=641)

Records removed before screening:

Pub Med (n=12) Duplicate records removed (n=10)

Google Scholar (n=597)
Science Direct (n=32)

k.

Records screened
(n=631)

Records excluded
(n=608)

v

Reports assessed for Records excluded:
eligibility —»{ Encephalitis prior to

(n=8) COVID-19 (n=1)

Reports

Reports excluded:
No English Full Text (n=2)
for eligibili linesses weren't fully confirmed (n=3)

(n=23)

Encephalitis prior to COVID-19 (n=3)
Duplicate records in previous studies
(n=7)

Studies included
(n=7)

New studies included in review
(n=8)

New cases included in review
(n=9)

l

Total studies included in review

New cases included in review

(n=15)

(n=16)

Figure 1) PRISMA flow diagram illustrating selection procedure of the case reports for our systematic review

with 15 studies (16 cases) included.

infection were mild symptoms such as fever
and cough. In four patients (no. 1, 4, 5, 11),
the disease took a more severe course with
complications such as pneumonia, bilateral
pulmonary embolism with intensive care
unit (ICU) hospitalization, or general dysau-
tonomia.

Two patients (no. 2, 14) had asymptomatic
SARS-CoV-2 infection. One patient (no. 3)
was in the phase after the third dose of the
SARS-CoV-2 vaccination. Three women (no.
3, 5, 8) were newly diagnosed with ovarian
teratoma.

In these cases, encephalitis manifestations
appeared from the first day of COVID-19 to 8
weeks after SARS-CoV-2 detection or symp-
tom onset.

Changes in behaviour, mental status, and/
or consciousness in each patient were re-
garded primarily as initial signs. Psychiatric

Infection Epidemiology and Microbiology

symptoms were dominant in nine cases (no.
1,3,4,5,10,11, 13, 15, 16; 8 adults), such as
depression, delusions, hallucinations, con-
fabulations, psychosis, suicidal ideation, and
catatonia.

Frequent neurological manifestations of an-
ti-NMDAR encephalitis were as follows: ep-
ileptic seizures (both focal and generalized
status epilepticus in no. 10 and 16), which
were presentin 11 patients (no.1,4,5,6,7, 8,
10, 13, 4 15, 16; 5 children), and movement
disorders including orofacial dyskinesia,
chorea-dystonic movements, dystonia, athe-
tosis, and automatisms, which were present
in ten patients (no. 1,5,6,7,9,10, 11, 12, 14,
15; 5 children).

Furthermore, the majority of patients expe-
rienced sleep and speech disorders. The fre-
quency of symptoms of anti-NMDA receptor
encephalitis is presented in Figure 2.
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Table 1) Summary of the cases with anti-NMDA receptor encephalitis associated with SARS-CoV-2 infection published in the literature

Medical SARS-CoV-2 Onset of Neurological v
No. Publication Age, Comorbidities/ and Other WMM&MM.ME_ Encephalitis and m_w.mn% cr.ﬂ_mmm mﬂ—wﬂ. .mmM.N.nM._E Clinical
. Sex Vaccination Diagnostic S P SB_N from COVID-19 Psychiatric R Mm:En = Tre mn.dm“:ﬂ Outcome
Status Results ymp Presentation Symptoms
Brain MRI: T2-FLAIR
SARS-CoV-2 RT- hyperintensity in bilateral
PCR: positive Headache, giddiness, caudate, putamen, frontal
Chest CT: right unsteady gait, and parietal, insular, and
middle and right focal seizures, temporal lobe cortices with
lower lobe confusion, mild diffusion restriction and Antibiotics,
Mukherjee 21 consolidation e Initial altered sleep, visual motor cortex sparing and remdesivir, Slow clinical
1. etal. (2022) Y F NR Abdomen and - :mmmn e e hallucinations, pachymeningeal enhancement phenytoin, baclofen, improvement
India [2¢! ’ pelvis USG: yP p mutism, disorientation, EEG: intermittent theta trihexyphenidyl, with no seizures
normal terminal neck rigidity, slowing in bilateral temporal plasma exchange
Blood analysis: right hemiparesis, regions
high level of dystonic posturing CSF: normal
d-dimer, ESR, of all limbs general analysis
and CRP Anti-NMDAR antibodies:
positive in both CSF and serum
Brain MRI: bilateral cerebral
(EL ., atrophy, hyperintensity in
mwmw.noommwﬂﬁ bilateral subcortical, deep and
5 years history Ch p CT: Rapid ] periventricular white matter I d
] of slowly est 1 mtmms\owmw.s_:m EEG: sharp waves E_M.zm\m.
) Jubee s progmeve om0 g oldements mtherghisided  Remgesivs yup, Pty in
’ I n_ 26] Y, F impairment Ivi i presentation v idi posterior region donepezil cog ,
ndia of cognitive pelvis USG: rigidity TS el improvement
£ . normal (left>right) : . in rigidity
unctions Blood analysis: general analysis
ysis: Anti-NMDAR antibodies:
normal v .
positive in serum but negative
in CSF
Brain MRI: FLAIR contrast-
None/ SARS-CoV-2 enhanced lesions in the
After 3% dose RT-PCR: cerebellum and hippocampus
positive Short-term memory EEG: diffuse beta wave activity Discharged with
Lee etal. of BNT162b2 Abd 1 b 1 ith h in both : b
(2022) 21 vaccination omen oss, abnorma with rare sharp waves in both 1Mo 116 teratoma IMProvement in
3. ‘ : and pelvis CT: NR After 3days  behaviour, uncoherent temporal lobes ’ 4 psychosis; but
Republicof Y F against SARS- t - h hosi CSF: high . removal th
Korea [27] CoV-2 four eratoma in speech, psychosis, : high opening pressure, with memory
el gt right ovary anxiety elevated protein level, impairment
g Blood analysis: lymphocytic pleocytosis
normal Anti-NMDAR antibodies:

positive in both CSF and serum
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Medical SARS-CoV-2 Onset of Neurological -
No. Publication Age, Comorbidities/ and Other WMMA.M@:& Encephalitis and mm-wa% —.:—Mnm_m..ﬂm m?—wm:.—.ﬂ“.m.nw__i Clinical
: Sex Vaccination Diagnostic S P i 'Y from COVID-19 Psychiatric zm It ._.am_u:m. t Outcome
Status Results ymptoms Presentation Symptoms esuits en
SARS-CoV-2
RT-PCR:
positive in CSF
Anti-SARS-
MNMH,M“M__,\% Low-grade Antibiotics,
serum mm<omw%~ww~nmmmm? LD EpriEs A, 2 e il mm:mhmwwwwﬂqmwmwmmﬁm wwmm_mmﬂ\ww
Allahyari et 18 vnmﬁmwmw_ of breath, Initial m_mw“u%wm_mmmmnnmwﬂwwm”w c Brain MRI after 3 days: normal lopinavir/ritonavir, wmnoﬁww after
PooNGE wr NN goundsglass  RUIE L aon Seizures confused state, LR DI M | 2monihsof
w%@ﬂwﬁ“: tachypnoea, Mﬂm%wwwﬁgm%hm%_mmw_ﬂ Anti-NMDAR antibodies: valproate, hospitalization
AT 8 oxygen positive in CSF IVMBP, IVIG, oral
Blood analysis: saturation 90% corticosteroids
normal
neutrophilia,
lymphopenia,
and CRP
Fever,
subsequently Initial brain CT scan: normal
hypovolemic Paranoid ideation, Brain MRI after a few days:
shock and intra- psychomotor agitation, hyperintensities Hydroxychloroquine,
abdominal visual hallucinations, in the left hippocampus lopinavir/ritonavir/
SARS-CoV-2 RT- infection after dysarthria with EEG: epileptic discharges sodium valproate,
~ PCR: positive  removing left dysprosody, focal and in the left frontotemporal IVMB, IVIG, Hypoprosexia,
Alvarez
Initial chest ovarian Initial generalized seizures region lacosamide, memory
5 30 NR X-ray: normal teratoma, In evolution: decreased In evolution: perampanel disorders,
' Bravo & Y, F Detected thrombosis of ) level of consciousness, delta brush pattern with Due to insufficient emotional
WmB_o.mm%o_NS leftovarian  leftiliacvein, ~Presentation buccolingual dyskinesia, spike-and-wave discharges in improvement: lability
Spain teratoma: and bilateral choreo-dystonic anterior regions rituximab, BZD,
method NR pulmonary movements in the right  CSF: elevated protein level, olanzapine,
embolism hand and afterwards lymphocytic pleocytosis teratoma
attributed to generalized, Anti-NMDAR antibodies: removal
SARS-CoV-2 blepharoclonus positive in both CSF and
with ICU serum
admission
SARS-CoV-2
el oil: Aggression, irritability
positive > g
e %m_mw m_mnﬁ_quh.m_M,waﬁ Anti-thyroid drug, Improved
Abdomen and talk M\ 4 1 Brain MRI: normal IVMP, plasma P t
Alvi & pelvic MRI: ] aand memory [0ss, - ppc. clow background with exchange movements
colleagues 13 LI i normal Ueet stziieieibied toullc o delta brush pattern Due to insufficient 2 GO
6. g vaccinated for high blood NR seizures, dystonic ! p . . ! level, with
(2022) Y, F COVID-19 Blood ¢ e CSF: normal general analysis improvement: idual deficit
Pakistan (% analysis: pressure QWMWMMNMQ%MMWE Anti-NMDAR antibodies: rituximab, oral ﬁmmw_ mmwncm‘\_m_
:%ﬁmﬂ:ano_mﬂmﬁ e oy positive in CSF a_oan%mgwmam\ function
shﬁmm_ generalized upper evetiracetam
AU motor neuron signs
antibodies
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Medical

SARS-CoV-2 Onset of Neurological

yaoed General and . Encephalitis SARS-CoV-2 and .
- Age, Comorbidities/ and Other 5 Encephalitis and . . " Clinical
Mo JillitEE LG Vaccination Diagnostic M@mﬁ.ﬂ.ﬂaﬂ% from COVID-19 Psychiatric cﬂ-wm:_.m”m.n z._.m-.:ma%%n»_nn.w_ Outcome
Status Results ymp Presentation Symptoms
SARS-CoV-:2  No respiratory
RT-PCR: symptoms
positive General &%Wwwmwwmﬁﬂwoa Brain MRI: normal
Anti-SARS- symptoms: T CSF: mild lymphocytic Recovery 2
ymp ymphocyt y
Burr et al. 23 . - lability, - Lorazepam,
7 (2020) USA months, None Lotz gt fever, Initial hyperkinetic Dleocytosis levetiracetam, IVMP, weeks
: 31] E positive in dehydration,  presentation Bo<m5<mﬂﬁm of the arms Anti-NMDAR antibodies: VIG ’ after
serum fussiness, e, Zrita] RG], ST s, positive in both CSF and discharge
Blood analysis: decreased g encephalopath ¢ serum
normal ESR and oral intake, p pathy
CRP constipation
Anti-SARS- IVMP, IVIG,
CoV-2 IgG: Behaviour disorders, Brain MR: normal plasma exchange,
DerTr Plerum et mial  “Seures confusion, (R generalized sowing  GLaOn;  Discharged
8 ﬁWomow_v_umNMMo_w_ NG I b c%.% .Qﬁwww_ﬁ%wm rushes on %m DT En b giﬂﬁﬂﬂmﬂﬁmwﬁww\:ﬁ,\m Anti-NMDAR antibodies: noﬂcnmwﬁmww_%m Diars recovery after
in right ovary trunk and limbs attention, and unable PESTNE _memmg CSFand response: one month
Blood analysis: to talk rituximab, teratoma
normal removal
gﬁﬂw TeG: Poor feeding,
: irritability, 2 episodes .
UMM%%MW\: of convulsions, loss WMW\__MMM_%%MMMMWMN At the time of
serum Upper of pre-morbidly ; . Due to insufficient last mo:os\.Eo“
Kaur & 10 sl o S normal eye contact, Brain MRI: normal m— extrapyramidal
9 colleagues TS o and pelvis CT: an%s?naw 0 After 40 days  POOT interaction with  CSF: : lymphocytic pleocytosis Jﬁwﬁamc s Q movements were
(2022) India M :wH.Bm_ " fever and loose v caregivers, peri-oral Anti-NMDAR antibodies: azathioprine well controlled
(53] Echocardiograph: “tools dyskinesias, bilateral positive in CSF mo:osm: ’ and regaining
e Q:Mm Phy: striatal toe, on the S %Em it age-appropriate
Blood analysis: next day generalized MW& nw Enwmwm_,om ds milestones
elevated WBC. and oro-linguo-buccal
] Qﬂw‘ dystonia with athetosis
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No. Publication Age, Comorbidities/ and Other WM:mw.ﬂ_nﬂbn Encephalitis and m—w.mn% vrown_mn._um mﬂMﬂ.MAmM.N. Mn._a Clinical
. Sex Vaccination Diagnostic Sp to Y from COVID-19 Psychiatric xm: It Tre n:@ t Outcome
Status Results SR Presentation Symptoms ESuits atmen
m>wxﬂm..wn%mw Z Brain MRI: normal Hydroxychloroquine,
ositive Confabulations and EEG: delta brush pattern, lopinavir/
nrmwﬁ S — delirious ideas After  anterior sub-continuous theta ritonavir, Discharged 4
chest CT m%n an: 4 days: focal motor activity with progressive diazepam, months after
Monti et al Mild normal seizures, impaired improvement valproic acid, onset in good
10 (2020) ) 50 Total-bod e Initial awareness, oro-facial CSF: pleocytosis, mildly lacosamide, condition with
Ttaly G4 Y, M h . CT and vmvm. presentation dyskinesia, elevated protein level, antiepileptic autonomy
y ypertension normal automatisms, and increased IL-6 and IL-8, treatment and without
ol aielsi refractory status presence of oligoclonal bands anaesthetics, neurological
increased _%r.m. epilepticus (RSE) with Anti-NMDAR antibodies: IVMP, IVIG, deficits
normal ICU admission positive in CSF but negative plasma
CRP and WBC in serum exchange
: Anxiety, psychomotor
omw,_.\,w_mu. Mm Nﬁm Fever, agitation, auditory Antibiotic
p NR desaturation hallucinations, prophylactic
. (90% O persecutory delusions, - ! therapy,
nﬂm_mwﬁwﬁmmw ’ saturation in global insomnia, mmm.mﬁﬂmﬂmnmﬁ.%\wﬂgﬁﬂ Hz) hydroksychloroquine,
inhaled air) confusion, speech and y ty ( ¢ darunavir/
Panariello m«o::@ m_mmm 3 weeks thought disorganization c:mﬁmz.@ nonreactiveito cobicistat,
opacities - g1 cisorg visual stimuli and without - 2 _
1 etal. 23 Substance use Chest CT: later: Initial Within second asymmetries antipsychotics, Clinical
Gommm Y, M disorder patchy %mm:ﬁowoa_.m presentation week: :o:-<m.1umr CSF: normal general analysis, BZD, improvement
[taly 13 i (fluctuations in non-responsive to it T valproate for
consolidations eI e, IS Anti-NMDAR antibodies: SHEIE
Blood analysis: blood pressure, 3 weeks later: severe - ’ prophylaxis,
ysis: : . R positive in CSF .
— cardiac dysphagia, dyskinesis, high doses of
CRP. WBC. and rhythm, body deterioration of mental dexamethasone,
D-dimer temperature) status IVIG
SARS-CoV-2
antibody: Altered sensorium,
positive in orofacial dyskinesia,
Saini et al. 4 serum T choreoathetoid CSF: normal general analysis 3 points in mRS
12.  (2022) India Y F None Blood cor Nmm > After 8 weeks movements, pelvic Anti-NMDAR antibodies: IVMP, IVIG m%mw 3 months
3] g analysis: high y thrust, encephalopathy; positive in CSF
inflammatory 5 points in mRS at
markers in admission
serum
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Medical SARS-CoV-2 Onset of Neurological .
No. Publication Age, Comorbidities/ and Other WM-J—W»—M.:& Encephalitis and mwma% v..wwsm_m“m mﬂﬂﬂ.—ﬂ“&.%g Clinical
. Sex Vaccination Diagnostic Sp e Y from COVID-19 Psychiatric Wm e Tre. ::wu t Outcome
Status Results SIS Presentation Symptoms esu atmen
Focal to bilateral tonic- Brain MRI: normal
clonic seizures, severe EEG: frontal intermittent
Non-lesion focal anxiety, dysphoric rhythmic delta activity S
Sovalies right frontal ommvﬁ%w_mu..wm @mﬁm mood, insomnia, motor (FIRDA) QWMMMWMM ﬁwan_u Gradual
v it el 22 lobe epilepsy in p NR Mild flu-like aphasia FDG-PET: diffuse T improvement
13 = monotherapy After 5 days 3 weeks later: hypometabolism in the DSy ¢ compared to
(2023) Spain Y, F . Total-body CT symptoms : IVMB, IVIG, after :
137] ’ with acceptable and FDG-PET: recurrence of seizures, cerebral cortex Eum._u_ma wmﬁm?m& her baseline
control of sl bradyphrenia, CSF: small pleocytosis bsliED status
seizures delusions with visual Anti-NMDAR antibodies:
hallucinations and positive in both CSF and
psychomotor agitation serum
SARS-CoV-2 . A partial
RT-PCR in CSF: Altered behaviour and recovery of
Sénchez- positive mental the neurologic
Morales et 14 Anti-SARS- CSF: normal general analysis symptoms
14 al. (2021) Y M None CoV-2 IgG None NR status, seizures, Anti-NMDAR antibodies: IVMP, IVIG with seizures
Z.mﬁno [38] ¢ antibodies: insomnia, positive in CSF control,
positive in CSF psychiatric
but negative in orolingual dyskinesias Symptoms
serum persistence
Ataxia, wide-based
gait, deep tendon ] - . Level of
areflexia, somnolence, Brain MRl initial w:g control: Antiepileptic, consciousness,
SARS-CoV-2 RT- seizures; subsequently CSE: :35%_3%”3_ analvsis antiviral and oral intake and
Sarigecili et 7 PCR: positive Initial choreiform movements Al w:m allere mmmmv.\ antibiotic involuntary
15. al. (2021) Y M None Blood analysis:  Tachycardia tati in all limbs, tongue halonathi _.ua —spread  treatment, IVMP, movements
Turkey B ’ increased CRP, presentation protrusion, bruxism, encepha mw_mnm “,mm,,\\,\.Wmm Sprea IVIG, gradually
lymphopenia lip smacking, agitation, n CE plasma exchange, improved;
catatonia, echolalia, >:G.Z§w.>w m:m_mum dies: oral corticosteroids discharged
focal seizure on 26 day positive n mildly ataxic
of hospitalization
Brain MRI: T2 FLAIR and DWI
hyperintensities
in the bilateral anterior Clinical
Somnolence, incoherent cingulate . t
speech, auditory cortex and temporal lobes _ﬁﬁvﬂoA\mEmM
Valadez- COVID-19 hallucinations, suicidal EEG: subcortical dysfunctionin Antiepileptic and mozoww%m.mma:
16 Calderon et 28 None ositive: Mild symptoms After ideation, generalized frontal, temporal, and occipital mzaqu_ Q._Mmq:m:ﬁ showin ﬂgoo d
al. (2022) Y, M w ) of COVID-19 2 weeks tonic-clonic seizures, regions ’ g
S ests NR - . . IVMP, IVIG changes,
Mexico [ catatonic symptoms  CSF: normal general analysis irritabilit
2 days later: status Anti-GAD 65/67 antibodies: mm:mﬂozx
epilepticus positive in CSF episodes

Anti-NMDAR antibodies:
positive in CSF

Abbreviation: Y: years, F: female, M: male, NR: not reported, RT-PCR: reverse-transcription polymerase chain reaction analysis, SARS-CoV-2: severe acute respiratory syndrome coronavirus 2, CT:
computed tomography, USG: ultrasonography, ESR: erythrocyte sedimentation rate, CRP: C-reactive protein, MRI: magnetic resonance imaging, T2 FLAIR: T2-weighted-fluid-attenuated inversion
recovery, EEG: electroencephalography, CSF: cerebrospinal fluid, anti- NMDAR: anti- N-methyl-D aspartate receptor, IVMP: intravenous methylprednisolone, IVIG: intravenous immunoglobulin,
Anti-SARS-CoV-2 IgM: anti severe acute respiratory syndrome coronavirus 2 immunoglobulin M, ICU: intensive care unit, BZD: benzodiazepines, WBC: white blood cells, IL-6: interleukin-6, IL-8:
interleukin-8, FDG-PET: fluorodeoxyglucose-positron emission tomography, mRS: modified ranking scale, FDG-PET: fludeoxyglucose-positron emission tomography, DWI: diffusion-weighted
imaging, Anti-GAD 67/65: anti-glutamic acid decarboxylase 67/65
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Altered behavior/mental status

Speech Disorders

Movement Disorders
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Figure 2) The neurological manifestations of anti-NMDA receptor encephalitis associated with SARS-COV-2

infection among the analyzed cases (numbers).

In only four cases (no. 1, 2, 5, 16; all adults),
brain magnetic resonance imaging (MRI)
scans showed abnormalities which could
be related to autoimmune encephalitis; in
addition, in one case (no. 13), a fluorode-
oxyglucose-positron emission tomography
(FDG-PET) scan revealed diffuse hypome-
tabolism in the cerebral cortex. Changes in
EEG examinations were more frequent and
detected in 11 patients (no. 1, 2,3,5,6,8, 1,
11, 13, 15, 6; 3 children), which were mainly
related to theta and delta slowing, epileptic
sharp waves, or encephalopathic patterns.
In seven cases (no. 3,4, 5, 7,9, 10, 13; 2 chil-
dren), abnormalities in CSF were noticed,
including elevated protein level and/or lym-
phocytic pleocytosis. In one patient (no. 16),
anti-glutamic acid decarboxylase 65/67 (an-
ti-GAD 65/67) antibodies were found in CSF
alongside anti-NMDAR antibodies.

Remdesivir was administered to three pa-
tients during the COVID-19 treatment (no.
1, 2, 4); in addition to antibiotics, antiviral
drugs and hydroxychloroquine were admin-
istered in some cases. Besides antiepileptic
or antipsychotic drugs, all patients received
guideline-based immunotherapy due to AE.
Also, 15 patients (beside no. 1) received

Infection Epidemiology and Microbiology

corticosteroids, mainly intravenous methyl-
prednisolone (IVMP), and 13 patients (be-
side no. 1, 2, 6) received intravenous immu-
noglobulin (IVIG). Moreover, five patients
(no. 1, 6, 8, 10, 15; 3 children) had plasma
exchange. Second-line immunotherapy was
administered in five patients (no. 5, 6, 8, 9,
13; 3 children); all received rituximab; in
addition, one infant (no. 9) received azathi-
oprine and finally cyclophosphamide, which
led to improvement. Three women (no. 3,
5, 8) with ovarian teratoma underwent sur-
gery to remove tumours.

Only four patients (no. 4, 7, 8, 13) recov-
ered completely following treatment. Five
patients (no. 1, 2, 9, 10, 11; 1 child) experi-
enced significant improvement, while in sev-
en cases (no. 3,5, 6,12, 14,15, 16), some im-
provement was observed, but neurological
or psychiatric symptoms persisted and were
still present at the time of the last follow-up.

Discussion

Many studies have shown an association
between viral infections and neurological
inflammatory diseases !, including autoim-
mune encephalitis [***2], [n particular, herpes
simplex virus encephalitis (HSVE) has been
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found to trigger anti-NMDAR encephalitis
with a more severe clinical course and worse
outcome than classical none-triggered en-
cephalitis in moderately elderly individuals
with a female predominance. HSV triggers
anti-NMDAR encephalitis probably by an
inflammatory reaction and changes, disrup-
tion of the blood-brain barrier (BBB), or in-
creased brain vulnerability “*¢, Also, past
non-encephaliticHSV-1infectionis supposed
to be associated with anti-NMDAR enceph-
alitis [*71. Several others viruses have been
found to potentially trigger anti-NMADRE,
such as VZV 8 JEV 9 Epstein-Barr virus
(EBV) BY% or measles virus [°1. Additionally,
two cases of possible association between
human immunodeficiency virus (HIV) infec-
tion (HIV CSF escape) and anti-NMDAR en-
cephalitis have been published 2.
Following the emergence of studies on cases
of SARS-CoV-2 infection with anti-NMDAR
encephalitis during the pandemic, research-
ers have suggested a few possible mecha-
nisms responsible for this association. First-
ly, during COVID-19 infection, inflammatory
markers and vascular permeability increase,
leading to BBB disruption and a higher risk
of NMDAR antibodies penetration to the CNS
[24, 53].

Secondly, mimicry of non-structural pro-
teins of SARS-CoV-2 with NMDA receptor
subunit epitopes may cause an autoim-
mune response ?. Thirdly, common mi-
cro-ribonucleic acid (miRNA) biomarkers
of COVID-19 and anti-NMDA receptors may
explain the relationship between COVID-19
and anti-NMADR encephalitis. However, the
amount of common miRNA biomarkers is
low, which also explains the relatively low
risk of this association .

The group of patients in this study was com-
pared with Titulaer et al.’s cohort study pub-
lished in February 2013 [*!. It was a multi-in-
stitutional observational study carried out
during 2007-2012 on 577 patients (1-85
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years) with confirmed anti-NMDAR enceph-
alitis [l Demographic, clinical, and diagnos-
tic features, treatment, and long-term out-
comes were analyzed. The patient group in
the current study was slightly younger (me-
dian age: 19.5 vs. 21 years) with fewer wom-
en (62.5% vs. 81%), which could explain the
higher COVID-19-associated complications
in the male population.

The clinical course and treatment were rath-
er comparable in both groups. In this study,
psychiatric symptoms were mostly found
in adults (56%), and neurological manifes-
tations were predominant in the pediatric
group, which was comparable to the quoted
study 9,

In the present study, movement disorders
occurred in 62.5% (vs. 75%) of adults and
71% (vs. 95%) of children, and 69% of pa-
tients had seizures (vs. 70%). Abnormalities
in brain MRI, EEG, and CSF were detected
in 25, 69, and 44% of patients, respectively,
comparted to 33, 90, and 79% in Titulaer
et al’s cohort, respectively 9. All patients
received recommended first-line immuno-
therapy (IVIM, IVIG, or plasma exchange).
Also, 31% received second-line immuno-
therapy (rituximab, azathioprine, and cy-
clophosphamide), which is higher than that
reported in Titulaer’s study (27%) ™. In
this review, nine patients (56%) recovered
or substantially improved, which is lower
than that reported in Titulaer’s study (81%)
(191, Perhaps, there is a resemblance in the
pathology of anti-NMDAR encephalitis trig-
gered by HSV and SARS-CoV-2, as the out-
comes of both are worrisome. On the other
hand, the extensive statistical analysis done
by Titulaer involved a median follow-up of
24 months. The short clinical observation
time after AE development in the present
study group may be insufficient to predict
the outcomes of anti-NMDAR encephalitis
during COVID-19. In this review, the severi-
ty of COVID-19 did not appear to impact the
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outcome of anti-NMDAR encephalitis.
There are some concerns arising from our
study. Three patients (no. 3, 5, 8) had ovari-
an teratoma, which is an established trigger
of anti-NMDAR encephalitis. In these cases,
COVID-19 could accelerate probable future
encephalitis.

In one case (no. 2), anti-NMDAR antibodies
were detected only in serum, which is less
specific than in CSF 2%, However, sudden clin-
ical deterioration, EEG abnormalities, and
improvement after immunotherapy suggest
anti-NMDAR encephalitis due to COVID-19.
In the last case (no. 16), in addition to an-
ti-NMDAR antibodies, anti-GAD 65/67 anti-
bodies were also detected in CSF. Syndromes
associated with anti-GAD antibodies are:
stiff-person syndrome, cerebellar ataxia,
chronic epilepsy, and limbic encephalitis
(51, Some articles have reported cases of an-
ti-GAD encephalitis during COVID-19 [56 571,
However, the dominant psychiatric symp-
toms of patient no. 16 were more similar to
those of anti-NMDAR encephalitis.

Patient no. 3 received the third dose of
BNT162b2 vaccination against SARS-CoV-2
four months before the onset of encephali-
tis. Some vaccines may increase the risk of
anti-NMDAR encephalitis, especially vac-
cines against human papillomavirus (HPV),
diphtheria/pertussis/tetanus/poliomyeli-
tis (DTP-polio), VZV, influenza, yellow fever,
and Japanese encephalitis 1?28, Martin et al.
(2022) reported a more severe course of an-
ti-NMADRE after vaccinations compared with
encephalitis without a causative agent 18],
Cases of autoimmune encephalitis after
SARS-CoV-2 vaccination have been report-
ed in some studies ¢! as well as in Vi-
giBase, the WHO Global Individual Case
Safety Report (ICSR) database % 61, In the
VigiBase database on December 31, 2021,
there were four cases (all adults; one died)
with anti-NMDARE that developed after the
COVID-19 vaccine (all mRNA vaccines) %

Infection Epidemiology and Microbiology

611, Some studies have described cases with
generally favourable outcomes regardless
of the type of SARS-CoV-2 vaccine % %,
The onset of anti-NMDAR encephalitis after
SARS-CoV-2 vaccination has been reported
to vary from 2 to 98 days Y. In one case
(no. 3), vaccination was administered ap-
proximately 120 days before the onset of AE
symptoms, which seems too late compared
with encephalitis case occurring 3 days after
SARS-CoV-2 infection.

There are some notable limitations in this
study.

Firstly, we could only present published re-
ports, which may likely underestimate the
true incidence rate of anti-NMDAR enceph-
alitis secondary to COVID-19. Secondly, in-
complete data in some reports, coupled with
inconsistency in SARS-CoV-2 diagnostic
methods may lead to detection bias.
Thirdly, despite the large number of studies
due to COVID-19, only a small number of an-
ti-NMDAR encephalitis cases were reported
with positive auto-antibodies as a possible
consequence of SARS-CoV-2 infection.
Considering the enormity of the SARS-CoV-2
pandemic (over 700 million recorded cases
to date), the possibility of co-occurrence of
both diseases in analogous periods could
not be ruled out.

Nevertheless, considering the possible in-
flammation-mediated autoimmune-associ-
ated mechanism during SARS-CoV-2 infec-
tion, and the association with other auto-
immune encephalitis in the medical litera-
ture, it could be assumed that anti-NMDAR
encephalitis may be caused by SARS-CoV-2.
Moreover, the occurrence of anti-NMDAR
encephalitis alone is rare.

It is hoped that in the future, a more detailed
analysis of a larger group of patients will
determine whether the association of an-
ti-NMDAR encephalitis with SARS-CoV-2 is
coincidental, or it is a possible consequence
of COVID-109.
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Conclusion

Anti-NMDA receptor encephalitis during
SARS-CoV-2 infection is very rare. The dis-
ease should be considered in patients with
COVID-19 (or a recent history of COVID-19),
who exhibit sudden neuropsychiatric symp-
toms and seizures.

This approach should lead to further diag-
nostic paths, like brain MRI, EEG, CSF anal-
ysis, and detection of auto-antibodies (IgG
antibodies against the NMDA receptor), fol-
lowed by a search for tumour. Differential
diagnosis should concern other types of au-
toimmune or viral encephalitis, psychosis,
cerebrovascular diseases, hypoxic damage,
and encephalopathy due to COVID-19. Cor-
rect early diagnosis facilitates the rapid ini-
tiation of guideline-based immunotherapy,
thus ensuring a better prognosis.

Further observations are required to assess
the connection between SARS-CoV-2 and
anti-NMDAR encephalitis and to assess clin-
ical prognosis and relapse statistics, espe-
cially considering the probability of worse
outcomes when encephalitis is triggered by
SARS-CoV-2.
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