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Since the description of autoimmune encephalitis (AE) associated with N-methyl-D-
aspartate receptor antibodies (anti-NMDARE) in 2007, more than 12 other clinical
syndromes and antibodies have been reported. In this article, we review recent
advances in pathophysiology, genetics, diagnosis pitfalls, and clinical phenotypes of
AE associated with cell surface antibodies and anti-GAD associated neurological
syndromes. Genetic studies reported human leukocyte antigen (HLA) associations
for anti-LGI1, anti-Caspr2, anti-lgLON5, and anti-GAD. Follow-up studies characterized
cognitive dysfunction, psychiatric symptoms, sleep disorders, and adaptative behavior
dysfunction, mainly for anti-NMDARE. Late-onset anti-NMDARE and anti- GABA-B
receptor (GABA-BR) encephalitis patients were described to have worse prognoses
and different tumor associations. Additionally, the clinical spectrum of anti-LGI1,
anti-AMPAR, anti-CASPR2, and anti-lgLON5 was expanded, comprising new differential
diagnoses. The diagnostic criteria for AE were adapted to the pediatric population, and
a diagnostic algorithm was proposed, considering potential mimics and misdiagnosis.
We also review the limitations of commercial assays for AE and treatment recom-
mendations, as well as clinical scales for short and long-term assessment of AE patients,
along with cognitive evaluation.

Desde a descricao da encefalite autoimune (EA) associada a anticorpos contra o
receptor N-methyl-D-aspartate (anti-NMDARE) em 2007, mais de 12 sindromes clinicas
e anticorpos foram reportados. Neste artigo, revisamos avancos recentes na fisiopa-
tologia, genética, diagnostico e fenétipos clinicos da EA associada a anticorpos contra
antigenos de superficie e das sindromes neuroldgicas associadas aos anticorpos anti-
acido glutdmico decarboxilase (glutamic acid decarboxylase, GAD, em inglés). Estudos
genéticos revelaram associacoes do antigeno leucocitdrio humano (human leukocyte
antigen, HLA, en inglés) com as EAs anti-LGI1, anti-Caspr2, anti-lgLON5 e anti-GAD.
Estudos de seguimento caracterizaram disfun¢do cognitiva, sintomas psiquiatricos,
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distdrbios do sono e disfuncao do comportamento adaptativo, principalmente para
anti-NMDARE. Apresentacoes tardias de anti-NMDARE e anti-GABA-BR foram associadas
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INTRODUCTION

Autoimmune encephalitis (AE) is a group of inflammatory
disorders caused by autoantibodies targeting neuronal cell
surface or synaptic proteins, leading to neuronal dysfunction.1
It is a rare disease, with an annual incidence estimated at 1.2
cases/100 thousand inhabitants,> and a costly condition that
often requires intensive care unit (ICU) care, prolonged hospi-
tal stays, and immunosuppressant treatments.>* Autoim-
mune encephalitis represents a significant social and
financial burden as it often affects young patients who may
not return to previous daily activities.>®

Since the description of anti-N-methyl-D-aspartate re-
ceptor encephalitis (anti-NMDARE) in 2007,” more than 12
other clinical syndromes and antibodies have been
reported.” New insights into pathophysiology indicate po-
tential treatment targets for refractory patients, and genetics
studies evaluated predisposition to AE. Recent data shed light
on the accuracy of available diagnostic methods and the
sensitivity of the clinical criteria, emphasizing strategies to
avoid misdiagnosis.®"'% Also, follow-up studies character-
ized cognitive, behavioral, and psychiatric outcomes.

The present review addresses AE associated with antibodies
(ABs) against cell surface antigens and anti-GAD65-associated
neurological syndromes. Because paraneoplastic neurologic
syndromes associated with high-risk ABs (previously known
as onconeural ABs) have different pathophysiology, prognosis,
and response to treatment,'' they will not be addressed.

CLINICAL SYNDROMES AND
PATHOPHYSIOLOGY

Overall, AE manifests with rapidly progressive (< 12 weeks)
neurological symptoms, such as psychiatric symptoms,
memory and cognitive deficits, seizures, movement disor-
ders, dysautonomia, and decreased level of consciousness.'?
However, the clinical spectrum of many AE subtypes con-
tinues to expand (~Figure 1).

Anti-NMDARE

Anti-N-methyl-D-aspartate receptor encephalitis is caused
by ABs targeting the GIuN1 subunit of the NMDA receptor,
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a outros tumores e a pior desfecho. Ademais, o fenétipo clinico de anti-LGI1, anti-
AMPAR, anti-CASPR2 e anti-IgLON5 foi expandido, englobando outros diagnésticos
diferenciais. Os critérios diagnésticos para a EA foram adaptados para a populacao
pediatrica, e foi proposto um novo algoritmo diagnostico levando em consideracao
potenciais condi¢oes mimetizadoras e erros diagndsticos. Foram revisadas também as
limitacoes dos kits comerciais para testagem, recomendacgdes atuais para o tratamento
e escalas clinicas para o sequimento de curto e longo-prazo dos pacientes, incluindo a

which causes cross-linking and internalization of those
receptors, leading to impaired NMDAR electric currents.!>14
Animal models showed that anti-NMDAR ABs modify CA1
pyramidal cells’ excitability and hippocampal network activ-
ity.” Additionally, hippocampal proteomics revealed
changes in components of glutamatergic, GABAergic, and
central hubs of intracellular signaling, providing insights into
molecular mechanisms for electrophysiological findings and
pathophysiology.'?

Recently, the mean annualized incidence rate of anti-
NMDARE was estimated at 1.00/million cases in the
Netherlands.® Anti-NMDARE predominates in young wom-
en, with an ovarian teratoma found in nearly 50% of cases.'®
However, reports from China, Australia, and Brazil showed
that up to 40% of the patients were male, and lower rates of
neoplasia were found (10%), suggesting that genetic and
environmental factors may play a role in the development
of the disease.'’~'® Moreover, one recent case series showed
that 20% of patients were >45 years, indicating that late
presentation may be more common than previously
expected.'® These late-onset cases were associated with
other tumors, mainly carcinomas, were oligosymptomatic,
and had worse outcome.'%:16

The classic anti-NMDARE clinical syndrome starts with
prodromal symptoms, followed by cognitive or psychiatric
manifestations (delusions, psychosis, catatonia), movement
disorders (orofacial dyskinesias, choreoathetosis), speech
disorder, dysautonomia, seizures, and decreased level of
consciousness.'%1°

A substantial number of patients require ICU admission
for management of status epilepticus, autonomic dysfunc-
tion, and mechanical ventilation.* Clinical variables from the
acute presentation can be used to evaluate disease prognosis.
The anti-NMDAR Encephalitis One-Year Functional Status
(NEOS) score predicts functional outcomes after 1 year of
symptoms onset and includes 5 clinical variables:

* ICU admission required;

* lack of clinical improvement after 4 weeks of treatment;

* lack of treatment within 4 weeks of symptoms onset;

 abnormal magnetic resonance imaging [MRI);

* pleocytosis (white blood cell [WBC]
cells/mm?).2°

count > 20
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Figure 1 Clinical spectrum of autoimmune encephalitis. Observe the different clinical phenotypes of each antibody reported.
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This score also performed well for children, and prelimi-
nary findings indicate that it can also be used for cognitive
outcomes.?’

In the post-acute phase, patients may present a neuro-
psychiatric syndrome that resembles schizophrenia, which
improves gradually.?? Sleep impairment is also prevalent
during the recovery phase, mainly hypersomnia and confu-
sional arousal, along with behavioral symptoms (hyperpha-
gia, hypersexuality),23 mood disorders,?%?* and adaptative
behavior dysfunction.?” These symptoms can be debilitating
and should be actively screened during follow-up interviews.

In the chronic phase of the disease, cognitive decline is
prevalent.>® After a median follow-up of 4.9 years, two-
thirds of patients may still present moderate-to-severe
cognitive deficits, indicating that the patient’s recovery
may take several years.® In children, school difficulties are
reported in 36 to 70% after a follow-up of 2.5 to 3 years,*?°
and even after a median follow-up of 7 years, 27% remain
sociofamiliar dependent.?” Additionally, younger patients (<
6 years) were reported to present more impairment in
adaptative behavior®® and worse outcomes using the Liver-
pool Outcome Score (LOS), a multidomain tool that evaluates
physical, cognitive, and psychological variables.?’

Approximately 25% of patients present relapses, and these
episodes are often less severe than the initial event.?%2°
Differentiating disease activity and relapses from neurologi-
cal sequelae is a major challenge in clinical practice, and
future studies are needed to address this question.

Anti-LGI1 encephalitis

Leucine-rich-glioma-inactivated 1 (LGI1) is a synaptic pro-
tein associated with the formation of a transsynaptic linker
molecule in excitatory synapses.>®3! After binding with
proteins ADAM23 and ADAM22, LGI1regulates the presyn-
aptic voltage-gated potassium channel (VGKC) and postsyn-
aptic AMPA receptor.3! The binding of anti-LGI1 antibodies
alters the expression and clustering of those ion channels
and results in neuronal hyperexcitability.>

Up to 90% of patients with anti-LGI1 encephalitis present
with limbic encephalitis (LE) at some point in the disease,
along with seizures and cognitive decline.?32-33 Faciobra-
chial dystonic seizures (FBDSs) are considered highly specific
and frequently precede encephalitis, representing a window
of opportunity for early diagnosis and treatment.>* Multifo-
cal seizures, including autonomic and pilomotor seizures,
and hyponatremia are also tips for diagnosis.>

In the post-acute phase, patients frequently present sub-
clinical focal seizures, FBDSs, and sleep disturbances (insom-
nia, REM-sleep behavior disorder, wake after sleep onset,
Morvan-syndrome-like manipulatory behaviors), which
could impair cognitive recovery and contribute to depressive
symptoms. These residual symptoms are responsive to treat-
ment and should be actively screened with electroencepha-
logram (EEG) and polysomnography (PSG).3®

Follow-up studies revealed that only about 5 of patients
actually return to previous daily activities,?*32 and despite
recovery of functional independence, most patients remain
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with cognitive impairment.3”3® Additionally, mesial tempo-
ral sclerosis (44%) and hippocampal atrophy (40-95%) were
reported, even in patients with normal brain MRI during the
acute phase.32'38

Anti-CASPR2 encephalitis

Contactin-associated protein 2 (Caspr2) is an adhesion pro-
tein localized in the juxta paranodal region that binds to
contactin-2. Anti-Caspr2 ABs inhibit that interaction, impair-
ing VGKC clustering and causing hyperexcitability through
unknown mechanisms.>®

Anti-Caspr2 encephalitis is more common in males > 50
years (75-90%). Limbic encephalitis is the most common
clinical phenotype, frequently overlapping with acquired
neuromyotonia or Morvan syndrome.*>#! Seizures, dysau-
tonomia, ataxia, and neuropathic pain are also reported as
core symptoms, often associated with nonspecific manifes-
tations (insomnia, asthenia, weight loss, and/or mood dis-
orders).42 Diagnosis may be challenging as core symptoms
are rarely present at onset, and disease progression is slow,
with the disease peak potentially taking over a year.*?

Tremor, episodic ataxia, paroxysmal orthostatic segmen-
tal myoclonus of the lower limbs, and continuous segmental
spinal myoclonus were reported as initial symptoms or the
sole manifestation of the disease.*> Follow-up studies
revealed a good functional prognosis for most patients
(modified Rankin Scale [mRS] scale < 2), although with
high mortality (up to 17%), probably related to the older
age and severity of this subtype of encephalitis.*'

Anti-AMPAR encephalitis

The  a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid receptor (AMPAR) is a glutamate inotropic receptor
present in excitatory central nervous system synapses.
AMPAR Abs may alter the receptor distribution, impair
synaptic plasticity, and cause symptoms in mice.***> The
clinical syndrome is characterized mostly by LE (cognitive
impairment, behavioral/psychiatric symptoms, and seiz-
ures) or symptoms of limbic dysfunction associated with
more diffuse signs of inflammation on brain MRI.*® Auto-
nomic dysfunction, movement disorders, and cerebellar
ataxia were also reported47 (=Figure 1).

Three patients with acute/subacute global amnestic syn-
drome as sole manifestation were described, which lasted for
several weeks, and one patient presented normal paraclinical
investigation (MRI and CSF). In the acute phase, those cases
can be difficult to differentiate from other amnestic syn-
dromes, such as transient global amnesia (TGA), dissociative
amnesia, or epileptic syndromes.*8

Anti-GABA-AR encephalitis

Gamma-aminobutyric acid-A receptors (GABA-AR) are ion-
selective channels that are associated with neuronal excit-
ability inhibition. Anti-GABA-AR Abs induce conformational
changes and antagonism of inhibitory neurotransmission.*’
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Anti-GABA-AR encephalitis affects a broad age range (2.5
months-88 years) and both genders.” Seizures are the most
common clinical manifestation, including refractory status
epilepticus and epilepsia partialis continua.’’>2 Cognitive
impairment, behavioral symptoms, movement disorders
(ataxia, choreoathetosis), and decreased level of conscious-
ness are also core symptoms.50 Brain MRI shows distinctive
lesions, characterized by multifocal cortico-subcortical T2/
FLAIR lesions, present in 77% of patients.”®>3 Normal brain
MRI appears to be rare (11%, 3/26) in this AE subtype.>°

Anti-GABA-BR encephalitis

Gamma-aminobutyric acid-B receptors (GABA-BR) are G-
protein-coupled, and their function is associated with neu-
ronal inhibitory activity.> The most frequent anti-GABA-BR
encephalitis clinical syndrome is characterized by promi-
nent seizures and LE. Rarely, cerebellar ataxia and opsoclo-
nus myoclonus syndrome are present.’® Patients with
rapidly  progressive  dementia, = myoclonus, and
cerebellar/pyramidal findings were also reported, raising
suspicion for Creutzfeldt-Jakob disease (CJD).>®

There is a strong association with tumors (over 60%),
mainly SCLC, and older patients carry the highest risk.>’->8
Other neoplasia reported include pulmonary epithelioid
hemangioendothelioma, esophageal cancer, and laryngeal
cancer.”® Co-occurrence of paraneoplastic antibodies is fre-
quent in anti-GABA-BR encephalitis, with anti-Hu and ani-
SOX1 being the most common. Antibodies against GABA-BR
accessory protein KCTD16 were identified as a biomarker for
SCLC®® and should be requested to all patients without a
known tumor, to help with screening guidance.”’ Two recent
Asians series found a lower frequency of tumors (33.9%),
suggesting the presence of genetic and environmental fac-
tors in the disease pathophysiology.>®>°

Anti-IGLONS5 antibody-associated disease

Anti-IgLON5 Abs are considered pathogenic,®® nonetheless,
disease pathophysiology remains unknown.®' Although pre-
liminary neuropathological studies showed abnormal aggre-
gates of hyperphosphorylated tau on the brainstem
tegmentum and hypothalamus,®%%3 a recent autopsy cohort
described two patients without brainstem taupathy.®* More-
over, despite initial data showing a strong association with
human leukocyte antigen (HLA) DRB1*10 and 01-
DQB1705:01, the disease can occur without the classical
HLA association.?”

The clinical phenotype of anti-IgLON5 disease was ini-
tially described as bulbar dysfunction, sleep disorders (stri-
dor, obstructive sleep apnea, REM and NREM parasomnias),
abnormal movements (myoclonus, chorea, parkinsonism),
gait instability, and cognitive decline,®?%® and it continues to
expand. Peripheral nervous system (PNS) involvement can
be present (neuromyotonia, fasciculations),®’ and a motor
neuron disease-like (MND-like) phenotype has been de-
scribed.?®% A new clinical score was developed to assess
the severity and progression of core clinical symptoms.’®

Ferreira et al.

Symptoms can be slowly progressive, and there may be
difficulties in differentiating them from those of neurode-
generative diseases. Patients with MND associated with vocal
cord paralysis, parasomnias, or involuntary movements
should be tested for anti-IgLON5 ABs.%® Other differential
diagnoses include Huntington’s disease, progressive supra-
nuclear paralysis (PSP), and multiple system atrophy.®®”"

Anti-GAD-associated neurological
syndromes

Anti-GAD ABs lead to reduced synaptic GABA and, thus,
enhance glutamatergic activity.”? Direct pathogenicity of
anti-GAD ABs has not been demonstrated, but high tilters
(enzyme-linked immunosorbent assay [ELISA] 10,000 IU/mL
in serum and 100 IU/mL in CSF) are associated with specific
neurologic phenotypes: stiff person syndrome (SPS), LE,
autoimmune epilepsy, cerebellar ataxia (CA), or overlap
syndromes.73 Patients with lower titers of anti-GAD ABs
have nonspecific syndromes, and very low titers are seen
in diabetes patients or have unclear significance.”> Patients
with high serum titers (> 10,000 IU/mL) also have anti-GAD
detected in the cerebrospinal fluid (CSF).”* Thus, CSF analysis
should be performed in patients with clinically suspicious
but low serum titers of anti-GAD. In patients without a
classic neurological phenotype but with anti-GAD ABs
detected in the serum and CSF, the intrathecal synthesis of
GAD Abs, can also be used as an indicator that a neurologic
syndrome is associated with GAD autoimmunity.’?

DIAGNOSTIC CRITERIA AND AE MIMICS

Graus’ classical diagnostic criteria for AE were validated for
the Chinese,”® Dutch,® and American’® adult populations.
The sensitivity of the possible AE criteria ranged from 83 to
84%, while specificity ranged from 27 to 94%37° and the
positive predictive value was 47%.8 Those findings indicate
that some patients may not fulfill the classical criteria, and
this topic is still a matter of debate in the literature, suggest-
ing that progressive and atypical forms may occur. Prelimi-
nary data showed that those patients with AE not fulfilling
the criteria have chronic and/or oligosymptomatic onset,
mainly associated with anti-GAD65, anti-LGi1, anti-Caspr2,
and anti—lgLONS.10 Also, one retrospective study revealed
that 0.8% of patients with a presumed diagnosis of neurode-
generative dementias may have AE.”” Those AE patients did
not fulfill the rapidly progressive dementia criteria, but
presented atypical findings for neurodegenerative diseases
(subacute worsening at some point of the disease, myoclo-
nus, history of other autoimmune disease, fluctuating
course, and seizures). Thus, although rare, some patients
with atypical clinical presentations do not fulfill the AE
clinical criteria, and findings considered suspicious of an
antibody-mediated clinical manifestation should be consid-
ered for testing.

Because of the unique aspects of the developing brain and
difficulties in evaluating memory and behavior in children,
the AE criteria for the pediatric population were developed,
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highlighting the importance of paraclinical findings of in-
flammation for the diagnosis.78 The pediatric criteria suggest
that AE should be considered mainly in previously healthy
children and propose other differential diagnoses, such as
genetic diseases.

An adaptation of the AE diagnostic criteria algorithm was
proposed to incorporate specific information for anti-
NMDARE and anti-LGI1 encephalitis and to prevent misdi-
agnosis (=~Figure 2).8 In this adaptation, possible AE is the
entry criteria, followed by the sequential application of
classical AE syndromes and acute disseminated encephalo-
myelitis (ADEM) criteria. Novelties included the criteria for
probable neuroinflammatory disorder (PNID) and AE
mimics.®

Classification as probable anti-LGI1 encephalitis relies on
the presence of subacute onset (< 3 months) cognitive
dysfunction associated with faciobrachial dystonic seizures
or frequent (> 5 per day) stereotypical focal seizures (ex-
cluded alternative diagnoses). The sensitivity of anti-LGI1
encephalitis criteria was 66%, and specificity was 96%, that
may lead to earlier treatment in some patients.® The sensi-
tivity of the clinical criteria for anti-NMDARE is 49 to 50%,
and specificity is 96 to 98%.”>7° Definite criteria for LE
require clinical and paraclinical tests only, and despite its
low sensitivity (10-38%), it is highly specific (96-98%).
Bickerstaff brainstem encephalitis (BBE) is included under
the umbrella of anti-GQ1b antibody syndromes, and anti-
body detection is higher in the first week of symptoms, with a
sensitivity of 74% with ELISA or glycoarray (and 82% if both
are combined).80

PNID is a new concept introduced to comprise inflamma-
tory disorders that require immunotherapy but do not fulfill
any formal AE criteria. It is defined by 2 or more of the
following: brain MRI suggestive of AE, CSF pleocytosis, CSF-
specific oligoclonal band, repeated steroid responsiveness, or
similar staining pattern on immunohistochemistry (IHC) in
serum, and CSF in the absence of a known neuronal autoan-
tibody. Caution is needed over PNID due to high etiological
heterogeneity. For these reasons, PNID is considered a sub-
type of AE mimic.?

The term probable antibody-negative AE should be used
for the patients with negative results that fulfill the clinically
available criteria, which require two of the following:

 brain MRI suggestive of inflammation;
 pleocytosis or presence of oligoclonal bands;
« brain biopsy showing inflammatory infiltrate.?

Observe that CSF protein level is not a criterion. Moreover,
studies showed that many patients considered to have anti-
body-negative AE were not adequately screened with labo-
ratory techniques for antineuronal ABs detection in serum
and CSF, which may lead to misdiagnosis. If the patient does
not fulfill the criteria for probable antibody-negative AE, an
alternate diagnosis should be investigated.

Autoimmune encephalitis mimics are conditions that can
present with similar clinical features to AE but are distinct
entities. Common AE mimics are primary psychiatric and
functional neurological disorders, neurodegenerative and
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genetic diseases, epilepsy, neoplasms, and infections, among
others.®-81:82 Because the yield of testing is very low in
patients with isolated first-episode psychosis, patients
should not be routinely tested.®>#¥ One series revealed
that most misdiagnosed patients (72%) did not fulfill the
possible AE criteria,” highlighting the importance of adhe-
sion to the established clinical criteria.

NEURONAL ANTIBODIES TESTING

Antineuronal AB detection requires two complementary
techniques, namely tissue-based immunofluorescence
assays (TBAs) and cell-based assays (CBAs); CSF and serum
should be screened simultaneously to enhance diagnostic
accuracy, due to variations in sensitivity depending on the
samples analyzed.>"-®° For instance, anti-NMDAR CBA sensi-
tivity is 68% in serum and 99% in CSE.'° Overinterpretation of
isolated positive CBA results in serum can be a source of
misdiagnosis.??

In children, the most common antibodies found are anti-
NMDAR, anti-MOG, and anti-GAD65.'”:86-%0 For that reason,
testing may be more focused, and if results are negative in
pediatric patients with high clinical suspicion, samples
should be re-evaluated in research laboratories. Among
adults, despite specific clinical phenotypes and diagnostic
clues, antibody positivity cannot be reliably predicted based
solely on clinical presentation and ancillary investigation-
s,2land testing should be performed with TBA and CBA in
serum and CSF for all patients.

The data available showed that commercial tests can be
limited in their accuracy; research revealed that they can
yield false negative results in 14%, and CBA alone can also
have false positive results in CSFE.'%°? Therefore, relying
solely on isolated commercial assays can lead to misdiagno-
sis and diagnostic delay in some subtypes of AE,>>and should
be interpreted with caution. The current recommendation is
to perform TBA to better interpret CBA.

ENVIRONMENTAL TRIGGERS AND GENETICS

Genetics studies explored HLA associations and genome-
wide association studies (GWAS) in AE. Human leukocyte
antigen was linked to various AE subtypes: anti-GADG65, anti-
LGI1, anti-CASPR2, anti-IgLON5, and postherpetic AE.>*
However, available data indicate that anti-NMDARE may
not primarily involve HLA-related mechanisms, and explor-
ing non-HLA regions is also crucial for understanding AE.
Anti-NMDARE has three phenotypes likely with distinct
pathophysiology: postherpes simplex encephalitis, ovarian
teratoma-related, and idiopathic form. Studies have identi-
fied a link between toll-like receptor 3 deficiency and post-
herpetic encephalitis.’>®® In genetic analyses excluding
post-herpetic cases, HLA DRB1*16:02 has been associated
with the Han population,®” in which 14% exhibited ovarian
teratoma, and a weak association with HLA-B*07:02 in the
German population,®® with an 89% ovarian teratoma rate.
The largest GWAS on anti-NMDAR encephalitis, involving
413 Chinese patients with a 9% rate of ovarian teratoma,
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Abbreviations: ABs, antibodies; ADEM, acute disseminated encephalomyelitis; AE, autoimmune encephalitis; BBE, Bickerstaff brainstem
encephalitis; HE, Hashimoto encephalopathy; MOG, myelin oligodendrocyte glycoprotein; MRI, magnetic resonance imaging; NMDARE,
anti-NMDA receptor encephalitis; PNID, probable neuroinflammatory disorder; SN-AE, seronegative autoimmune encephalitis.

Figure2 Diagnosticalgorithm for autoimmune encephalitis (adapted from Van Steenhoven et al.). Begin the algorithm from the entry criteria of possible
AE, then apply the subsequent criteria (MRI demyelination, probable anti-NMDARE, probable anti-LGI1 encephalitis, BBE). Patients with positive Abs are
classified as definite AE. In case of negative testing, evaluate thyroid ABs, probable SN-AE criteria, AE mimics (including PNID).
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demonstrated an association with HLA-DQB1*05:02 and a
non-HLA region, IFIH1.°° Further, two smaller studies have
found associations with single nucleotide polymorphisms
(SNPs) in non-HLA regions, such as IRF7, BANK1, and
TBX21,'90 as well as ACP2, NR1H3, and LRRK1 genes.'®! These
results underscore the genetic variability across populations
and indicate a predominant dysfunction in B cells and innate
immune responses, aligning with the hypothesized disease
mechanism.'? A multiethnic study may provide deeper
insights into the complex mechanisms of anti-NMDARE
phenotypes.

Anti-LGI1 encephalitis is associated with HLA-
DRB1707:01, found in ~ 90% of affected Caucasians and
Koreans.'93:194 Notably, non-carrier patients are often youn-
ger, predominantly female, and present fewer psychiatric
and frontal symptoms.'®® A multiethnic cohort with 269
patients also identified a secondary effect of DRB1*04:02,
which correlates with a lower age of onset.'® Furthermore, a
small GWAS involving 54 patients highlighted two SNPs
outside the HLA region, DCLK2 and zinc-finger genes.?® These
findings suggest potential subgroups among anti-LGI1
patients, and further research into prognostic implications
is warranted.

Anti-IgLON5 encephalitis was associated with a strong
HLA DQ effect, with ~ 60% of patients carrying DQB1°05:01 ~
DRB1710:01.%>1%% In a cohort of 87 patients, 85% presented
DQA1°01~DQB1705.'% An additional study with 35 patients
revealed a significant association with MAPT H1/H1 homo-
zygous genotype, found in 83% of patients.'% These findings
support that a primarily autoimmune process contributes to
tauopathy development in genetically predisposed
individuals.

A study across three phenotypes with anti-CASPR-2 ABs
(LE, Morvan, and Isaacs syndromes) found an HLA
DRB1*11:01 association in ~ 90% of limbic encephalitis
cases.'07:108 No association was found in the Morvan and
Isaacs syndromes, suggesting distinct pathophysiological
mechanisms. Interestingly, limbic encephalitis mainly
involves immunoglobulin G 4 (IgG4) and is not associated
with tumors, whereas Isaacs and Morvan syndromes are
IgG1 predominant, and the latter is often linked with malig-
nant thymoma.4%-108

Many familial cases of anti-GAD65 neurological syn-
dromes, such as limbic encephalitis, ataxia, and stiff person
syndrome, were reported, suggesting a genetic predisposi-
tion.'%%12 Anti-GAD was linked to DQA1°05:01-
DQB1"02:01-DRB1%03:01, and DQA1*03:01-DQB1"03:02-
DRB104:01, with the latter also being associated with
T1DM.'?"113 Conversely, a recent GWAS with 167 patients
identified 16 loci associated with anti-GAD, highlighting
significant loci in the HLA class-I1 region and numerous genes
involved in innate and adaptive immunity.101

TREATMENT

The initial treatment of AE included methylprednisolone
(MP) plus intravenous immunoglobulin (IVIg) or plasmaphe-
resis (PLEX). This recommendation is based on previous data
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showing that anti-NMDARE had better outcomes with com-
bined initial therapy.?%'"4-117

First-line treatment must be provided within < 4 weeks of
symptoms onset and should not be delayed while waiting for
autoantibody-testing results. The response should be moni-
tored for 10 to 14 days after treatment initiation using
clinical scales.’® In anti-LGI1 encephalitis, initial studies
advocated the efficacy of steroid monotherapy. Nonetheless,
additional data suggested that anti-LGI1 patients benefit
from IVIg.32'19-121 The 2024 Canadian consensus, built
using modified RAND methodology, ratifies this initial com-
bined approach, especially in severe cases.'?

Rituximab (RTX) is the preferred second-line treatment
for AE and should be initiated early in the disease course. The
GENERATE study evaluated 358 patients diagnosed with AE
and showed that RTX correlated with improved clinical
outcomes and lower relapse rates, particularly in anti-
NMDARE.'?3 Additionally, several other reports support
the efficacy of RTX in both adults and children with
AE.114-116,122,124

Cyclophosphamide (CYC) may be utilized as an alternative
therapy if RTX is unavailable or as a second-line escalation for
patients who do not respond to RTX.! 4112124 However, it is
cautioned that CYC carries a higher risk of toxicity relative to
RTX and is not routinely recommended for use in children
due to potential long-term adverse effects. An exception is
made in severe cases, where CYC can be used for pediatric
patients.m'114

For refractory cases, third-line options such as bortezo-
mib and tocilizumab should be considered.'?312%126 Borte-
zomib may offer therapeutic benefits in patients previously
treated with RTX by targeting long-lived B-cells and plasma
cells in the bone marrow, although the evidence supporting
its use remains limited.'?*'2> A treatment protocol includ-
ing tocilizumab, an interleukin-6 receptor antagonist (anti-
IL6R), combined with MP, IVIg, and RTX, initiated within one
month of symptom onset, has significantly shown improved
functional outcomes.'?’

In SPS, the recommended therapeutic approach involves
GABA-enhancing medications, such as benzodiazepines (di-
azepam or clonazepam), baclofen, and gabapentin for symp-
tomatic management.'?%12% Intravenous immunoglobulin is
the preferred treatment, which reduces cumulative physical
disability."3° Doses begin with 2 g/kg monthly for the first 3
to 6 months, followed by adjusted dosing intervals or dosage
reductions based on response.'?%13%:131 Maintenance thera-
py continues to be effective in the long term in 67% of
patients (median 3.3 years).'3? If there is no disease im-
provement after 3 months, RTX every 6 to 12 months may be
considered.'33 The third-line treatment for SPS is autologous
hematopoietic stem cell transplantation.'34-137

New perspectives in monoclonal antibody (mAb) treatments
are currently under investigation, targeting long-lasting plas-
mablasts or plasma cells, potentially including B-cell depletion
mechanisms.?® Inebilizumab (NCT04372615) achieves a direct
mechanism of action by binding to CD19 on B-cells, leading to
their extensive and prolonged depletion.*> Conversely, satrali-
zumab (NCT05503264) achieves its effects indirectly by
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functioning similarly to tocilizumab, suppressing B-cell matu-
ration.*? Rozanolixizumab (NCT04875975) offers a novel mech-
anism by targeting the neonatal Fc receptor (FcRn), accelerating
the degradation of unbound IgGs through lysosomal path-
ways.43 Additionally, preclinical studies on chimeric autoanti-
body receptor T (CAR-T) therapy show promise in genetically-
modifying cells to selectively target and eliminate anti-NMDARE
B cells, effectively reducing autoantibody production without
impacting other B-cell populations.'3:13°

CLINICAL SCALES

The mRS has been used to assess severity, response to treat-
ment, and long-term outcomes.'® However, the mRS empha-
sizes motor aspects of function independence and does not
represent the variety of symptoms in AE patients.118 The
Clinical Assessment Scale in Autoimmune Encephalitis
(CASE) was developed to assess the severity of the condition
and to determine the response to treatment.''® This scale
includes 9 groups of symptoms and can be used both for short
and long-term outcomes.'? Both the mRS and CASE tend to
improve over time but are insensible to mood, cognition, and
the capacity to return to premorbid activities.'°

Cognitive outcomes must be evaluated in all patients.
Screening tools, such as MMSE or Montreal Cognitive As-
sessment (MOCA),140 and neuropsychological batteries can
be used when available. Patient-reported outcome measures
(PROMSs) can capture other aspects of disease burden, such as
quality of life and physical or emotional wellbeing. Numer-
ous tools have already been employed,'*' but a specific tool
for AE patients is still under development.'4?

In conclusion, AE is a differential diagnosis of many
neurological conditions, and research is rapidly advancing.
General neurologists should, therefore, be familiar with the
disease’s clinical spectrum, clinical criteria, diagnostic test-
ing, and potential mimics/misdiagnoses. After the diagnostic
approach, it is important to assess disease severity using
adequate tools (mRS, CASE) and initiate treatment promptly.
These patients need long-term follow-up and screening for
cognitive dysfunction, psychiatric symptoms, and capacity to
return to previous activities. Increasing knowledge in this
area will help mitigate long-term functional disabilities.

Authors’ Contributions

JHFF, CCDD, BFD, LAD: substantial contributions to the
design or development of the study, to the collection,
analysis, and interpretation of data, to the writing of the
article or its critical revision, and to the approval of the
final version. ACM, MDC, PVCS: substantial contributions
to the design or development of the study, to the collec-
tion, analysis and interpretation of data, and to the writing
of the article or in critical revision.

Conflict of Interest

LAD reports she has received a grant for the Brazilian
Autoimmune Encephalitis Network, from Fleury
Laboratory.

Ferreira et al.

References

1

DalmauJ, Graus F. Antibody-Mediated Encephalitis. N Engl ] Med
2018;378(09):840-851. Doi: 10.1056/NEJMra1708712

Dubey D, Pittock S, Kelly CR, et al. Autoimmune encephalitis
epidemiology and a comparison to infectious encephalitis. Ann
Neurol 2018;83(01):166-177. Doi: 10.1002/ana.25131

Cohen J, Sotoca ], Gandhi S, et al. Autoimmune encephalitis:
A costly condition. Neurology 2019;92(09):e964-e972. Doi:
10.1212/WNL.0000000000006990

Schubert J, Bramer D, Huttner HB, et al; GENERATE and IGNITE
network. Management and prognostic markers in patients with
autoimmune encephalitis requiring ICU treatment. Neurol Neu-
roimmunol Neuroinflamm 2018;6(01):e514. Doi: 10.1212/
NX1.0000000000000514

de Bruijn MAAM, Aarsen FK, van Oosterhout MP, et al; CHANCE
Study Group. Long-term neuropsychological outcome following
pediatric anti-NMDAR encephalitis. Neurology 2018;90(22):
e1997-e2005. Doi: 10.1212/WNL.0000000000005605

Heine ], Kopp UA, Klag ], Ploner CJ, Priiss H, Finke C. Long-Term
Cognitive Outcome in Anti-N-Methyl-D-Aspartate Receptor Enceph-
alitis. Ann Neurol 2021;90(06):949-961. Doi: 10.1002/ana.26241
Dalmau J, Tiiziin E, Wu H-Y, et al. Paraneoplastic anti-N-methyl-
D-aspartate receptor encephalitis associated with ovarian tera-
toma. Ann Neurol 2007;61(01):25-36. Doi: 10.1002/ana.21050
Van Steenhoven RW, de Vries JM, Bruijstens AL, et al. Mimics of
Autoimmune Encephalitis: Validation of the 2016 Clinical Autoim-
mune Encephalitis Criteria. Neurol Neuroimmunol Neuroinflamm
2023;10(06):e200148. Doi: 10.1212/NX1.0000000000200148
Flanagan EP, Geschwind MD, Lopez-Chiriboga AS, et al. Autoim-
mune Encephalitis Misdiagnosis in Adults. JAMA Neurol 2023;80
(01):30-39. Doi: 10.1001/jamaneurol.2022.4251

Bastiaansen AEM, de Bruijn MAAM, Schuller SL, et al. Anti-NMDAR
Encephalitis in the Netherlands, Focusing on Late-Onset Patients
and Antibody Test Accuracy. Neurol Neuroimmunol Neuroin-
flamm 2021;9(02):e1127. Doi: 10.1212/NX1.0000000000001127
Graus F, Vogrig A, Muiiiz-Castrillo S, et al. Updated Diagnostic
Criteria for Paraneoplastic Neurologic Syndromes. Neurol Neu-
roimmunol Neuroinflamm 2021;8(04):e1014. Doi: 10.1212/
NXI.0000000000001014

Graus F, Titulaer MJ, Balu R, et al. A clinical approach to diagnosis
of autoimmune encephalitis. Lancet Neurol 2016;15(04):
391-404. Doi: 10.1016/S1474-4422(15)00401-9

Ladépéche L, Planaguma ], Thakur S, et al. NMDA Receptor
Autoantibodies in Autoimmune Encephalitis Cause a Subunit-
Specific Nanoscale Redistribution of NMDA Receptors. Cell Rep
2018;23(13):3759-3768. Doi: 10.1016/j.celrep.2018.05.096
Hughes EG, Peng X, Gleichman A]J, et al. Cellular and synaptic
mechanisms of anti-NMDA receptor encephalitis. ] Neurosci 2010;
30(17):5866-5875. Doi: 10.1523/JNEUROSCI.0167-10.2010
Ceanga M, Rahmati V, Haselmann H, et al. Human NMDAR
autoantibodies disrupt excitatory-inhibitory balance, leading
to hippocampal network hypersynchrony. Cell Rep 2023;42
(10):113166. Doi: 10.1016/j.celrep.2023.113166

Titulaer M]J, McCracken L, Gabilondo I, et al. Treatment and
prognostic factors for long-term outcome in patients with
anti-NMDA receptor encephalitis: an observational cohort
study. Lancet Neurol 2013;12(02):157-165. Doi: 10.1016/
S1474-4422(12)70310-1

de Freitas Dias B, Fieni Toso F, Slhessarenko Fraife Barreto ME,
et al. Brazilian autoimmune encephalitis network (BrAIN): anti-
body profile and clinical characteristics from a multicenter
study. Front Immunol 2023;14:1256480. Doi: 10.3389/fimmu.
2023.1256480

Gu Y, Zhong M, He L, et al. Epidemiology of Antibody-Positive
Autoimmune Encephalitis in Southwest China: A Multicenter
Study. Front Immunol 2019;10:2611. Doi: 10.3389/fimmu.
2019.02611

Arquivos de Neuro-Psiquiatria  Vol. 82 No. 12/2024 © 2024. The Author(s).

9



10 Recent advances in autoimmune encephalitis

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

Arquivos de Neuro-Psiquiatria

Swayne A, Warren N, Prain K, et al. An Australian State-Based
Cohort Study of Autoimmune Encephalitis Cases Detailing Clini-
cal Presentation, Investigation Results, and Response to Therapy.
Front Neurol 2021;12:607773. Doi: 10.3389/fneur.2021.607773
Balu R, McCracken L, Lancaster E, Graus F, Dalmau J, Titulaer MJ. A
score that predicts 1-year functional status in patients with anti-
NMDA receptor encephalitis. Neurology 2019;92(03):e244-
-e252. Doi: 10.1212/WNL.0000000000006783

Nikolaus M, Rausch P, Rostasy K, et al. Retrospective Pediatric
Cohort Study Validates NEOS Score and Demonstrates Applica-
bility in Children With Anti-NMDAR Encephalitis. Neurol Neuro-
immunol Neuroinflamm 2023;10(03):e200102. Doi: 10.1212/
NXI1.0000000000200102

Guasp M, Rosa-Justicia M, Mufioz-Lopetegi A, et al; Spanish anti-
NMDAR Encephalitis Study Group. Clinical characterisation of
patients in the post-acute stage of anti-NMDA receptor enceph-
alitis: a prospective cohort study and comparison with patients
with schizophrenia spectrum disorders. Lancet Neurol 2022;21
(10):899-910. Doi: 10.1016/S1474-4422(22)00299-X

Arifio H, Mufioz-Lopetegi A, Martinez-Hernandez E, et al. Sleep
disorders in anti-NMDAR encephalitis. Neurology 2020;95(06):
e671-e684. Doi: 10.1212/WNL.0000000000009987

Arifio H, Armangué T, Petit-Pedrol M, et al. Anti-LGI1-associated
cognitive impairment: Presentation and long-term outcome.
Neurology 2016;87(08):759-765. Doi: 10.1212/WNL.00000000
00003009

Yeshokumar A, Gordon-Lipkin E, Arenivas A, et al. Younger Age at
Onset Is Associated With Worse Long-term Behavioral Outcomes
in Anti-NMDA Receptor Encephalitis. Neurol Neuroimmunol
Neuroinflamm 2022;9(05):e200013. Doi: 10.1212/NX1.000000
0000200013

Flet-Berliac L, Tchitchek N, Lépine A, et al. Long-term outcome of
paediatric anti-N-methyl-D-aspartate receptor encephalitis.
Dev Med Child Neurol 2023;65(05):691-700. Doi: 10.1111/
dmcn.15429

Chen LW, Olivé-Cirera G, Fonseca EG, et al; Pediatric Encephalitis
Study Group. Very Long-Term Functional Outcomes and Depen-
dency in Children With Anti-NMDA Receptor Encephalitis. Neu-
rol Neuroimmunol Neuroinflamm 2024;11(03):e200235. Doi:
10.1212/NX1.0000000000200235

Hirose S, Hara M, Kamei S, Dalmau J, Nakajima H. Characteristics
of clinical relapses and patient-oriented long-term outcomes of
patients with anti-N-methyl-D-aspartate receptor encephalitis. |
Neurol 2022;269(05):2486-2492. Doi: 10.1007/s00415-021-
10828-8

Gabilondo I, Saiz A, Galan L, et al. Analysis of relapses in anti-
NMDAR encephalitis. Neurology 2011;77(10):996-999. Doi:
10.1212/WNL.0b013e31822cfc6b

Sell J, Rahmati V, Kempfer M, et al. Comparative Effects of
Domain-Specific Human Monoclonal Antibodies Against LGI1
on Neuronal Excitability. Neurol Neuroimmunol Neuroinflamm
2023;10(03):200096. Doi: 10.1212/NX1.0000000000200096
van Sonderen A, Petit-Pedrol M, Dalmau J, Titulaer MJ. The value
of LGI1, Caspr2 and voltage-gated potassium channel antibodies
in encephalitis. Nat Rev Neurol 2017;13(05):290-301. Doi:
10.1038/nrneurol.2017.43

van Sonderen A, Thijs RD, Coenders EC, et al. Anti-LGI1 encephali-
tis: Clinical syndrome and long-term follow-up. Neurology 2016;
87(14):1449-1456. Doi: 10.1212/WNL.0000000000003173

Lai M, Huijbers MG, Lancaster E, et al. Investigation of LGI1 as the
antigen in limbic encephalitis previously attributed to potassium
channels: a case series. Lancet Neurol 2010;9(08):776-785. Doi:
10.1016/S1474-4422(10)70137-X

Thompson J, Bi M, Murchison AG, et al; Faciobrachial Dystonic
Seizures Study Group. The importance of early immunotherapy
in patients with faciobrachial dystonic seizures. Brain 2018;141
(02):348-356. Doi: 10.1093/brain/awx323

Vol. 82 No. 12/2024 © 2024. The Author(s).

Ferreira et al.

35

36

37

38

39

40

41

42

43

a4

45

46

47

48

49

50

51

52

Irani SR, Michell AW, Lang B, et al. Faciobrachial dystonic seizures
precede Lgil antibody limbic encephalitis. Ann Neurol 2011;69
(05):892-900. Doi: 10.1002/ana.22307

Mufioz-Lopetegi A, Guasp M, Prades L, et al; Spanish anti-LGI1
Encephalitis Study Group. Neurological, psychiatric, and sleep
investigations after treatment of anti-leucine-rich glioma-inac-
tivated protein 1 (LGI1) encephalitis in Spain: a prospective
cohort study. Lancet Neurol 2024;23(03):256-266. Doi:
10.1016/S1474-4422(23)00463-5

Sola-Valls N, Arifio H, Escudero D, et al. Telemedicine assessment of
long-term cognitive and functional status in anti-leucine-rich,
glioma-inactivated 1 encephalitis. Neurol Neuroimmunol Neuro-
inflamm 2019;7(02):e652. Doi: 10.1212/NX1.0000000000000652
Finke C, Priiss H, Heine |, et al. Evaluation of Cognitive Deficits
and Structural Hippocampal Damage in Encephalitis With Leu-
cine-Rich, Glioma-Inactivated 1 Antibodies. JAMA Neurol 2017;
74(01):50-59. Doi: 10.1001/jamaneurol.2016.4226

Patterson KR, Dalmau ], Lancaster E. Mechanisms of Caspr2
antibodies in autoimmune encephalitis and neuromyotonia.
Ann Neurol 2018;83(01):40-51. Doi: 10.1002/ana.25120

van Sonderen A, Arifio H, Petit-Pedrol M, et al. The clinical
spectrum of Caspr2 antibody-associated disease. Neurology
2016;87(05):521-528. Doi: 10.1212/WNL.0000000000002917
Gadoth A, Pittock SJ, Dubey D, et al. Expanded phenotypes and
outcomes among 256 LGI1/CASPR2-IgG-positive patients. Ann
Neurol 2017;82(01):79-92. Doi: 10.1002/ana.24979

Benoit ], Muiliz-Castrillo S, Vogrig A, et al. Early-Stage Contactin-
Associated Protein-like 2 Limbic Encephalitis: Clues for Diagnosis.
Neurol Neuroimmunol Neuroinflamm 2022;10(01):e200041. Doi:
10.1212/NX1.0000000000200041

Govert F, Abrante L, Becktepe ], et al. Distinct movement dis-
orders in contactin-associated-protein-like-2 antibody-associ-
ated autoimmune encephalitis. Brain 2023;146(02):657-667.
Doi: 10.1093/brain/awac276

Haselmann H, Mannara F, Werner C, et al. Human Autoantibodies
against the AMPA Receptor Subunit GluA2 Induce Receptor
Reorganization and Memory Dysfunction. Neuron 2018;100
(01):91-105.€9. Doi: 10.1016/j.neuron.2018.07.048

Lai M, Hughes EG, Peng X, et al. AMPA receptor antibodies in
limbic encephalitis alter synaptic receptor location. Ann Neurol
2009;65(04):424-434. Doi: 10.1002/ana.21589

Hoftberger R, van Sonderen A, Leypoldt F, et al. Encephalitis and
AMPA receptor antibodies: Novel findings in a case series of 22
patients. Neurology 2015;84(24):2403-2412. Doi: 10.1212/
WNL.0000000000001682

Laurido-Soto O, Brier MR, Simon LE, McCullough A, Bucelli RC,
Day GS. Patient characteristics and outcome associations in
AMPA receptor encephalitis. ] Neurol 2019;266(02):450-460.
Doi: 10.1007/s00415-018-9153-8

Ricken G, Zrzavy T, Macher S, et al. Autoimmune Global Amnesia
as Manifestation of AMPAR Encephalitis and Neuropathologic
Findings. Neurol Neuroimmunol Neuroinflamm 2021;8(04):
e1019. Doi: 10.1212/NX1.0000000000001019

Noviello CM, Kreye ], Teng ], Priiss H, Hibbs RE. Structural
mechanisms of GABA, receptor autoimmune encephalitis. Cell
2022;185(14):2469-2477.e13. Doi: 10.1016/j.cell.2022.06.025
Spatola M, Petit-Pedrol M, Simabukuro MM, et al. Investigations in
GABA, receptor antibody-associated encephalitis. Neurology
2017;88(11):1012-1020. Doi: 10.1212/WNL.0000000000003713
Petit-Pedrol M, Armangue T, Peng X, et al. Encephalitis with
refractory seizures, status epilepticus, and antibodies to the
GABAA receptor: a case series, characterisation of the antigen,
and analysis of the effects of antibodies. Lancet Neurol 2014;13
(03):276-286. Doi: 10.1016/S1474-4422(13)70299-0

Ratuszny D, Skripuletz T, Stiiber T, et al. Anti-GABA-A Receptor
Antibody-Mediated Epilepsia Partialis Continua After Treatment
With Alemtuzumab: A Case Report. Neurol Neuroimmunol



53

54

55

56

57

58

59

60

6

62

63

64

65

66

67

68

69

Recent advances in autoimmune encephalitis

Neuroinflamm 2023;10(04):e200123. Doi: 10.1212/NX1.000000
0000200123

O’Connor K, Waters P, Komorowski L, et al. GABA, receptor
autoimmunity: A multicenter experience. Neurol Neuroimmu-
nol Neuroinflamm 2019;6(03):e552. Doi: 10.1212/NXI.000000
0000000552

Lancaster E, Lai M, Peng X, et al. Antibodies to the GABA(B)
receptor in limbic encephalitis with seizures: case series and
characterisation of the antigen. Lancet Neurol 2010;9(01):
67-76. Doi: 10.1016/S1474-4422(09)70324-2

Hoftberger R, Titulaer M], Sabater L, et al. Encephalitis and
GABAB receptor antibodies: novel findings in a new case series
of 20 patients. Neurology 2013;81(17):1500-1506. Doi:
10.1212/WNL.0b013e3182a9585f

van Coevorden-Hameete MH, de Bruijn MAAM, de GraaffE, et al.
The expanded clinical spectrum of anti-GABABR encephalitis
and added value of KCTD16 autoantibodies. Brain 2019;142(06):
1631-1643. Doi: 10.1093/brain/awz094

Lamblin F, Kerstens ], Muiiiz-Castrillo S, et al. Comparative Study
of Paraneoplastic and Nonparaneoplastic Autoimmune Enceph-
alitis With GABAgR Antibodies. Neurol Neuroimmunol Neuro-
inflamm 2024;11(03):e200229. Doi: 10.1212/NXI.0000000000
200229

Sun T, Zhao D, Zhang G, et al. Late-Onset Anti-GABAB Receptor
Encephalitis: Clinical Characteristics and Outcomes Differing
From Early-Onset Patients. Neurol Neuroimmunol Neuroin-
flamm 2023;10(04):e200131. Doi: 10.1212/NX1.0000000000
200131

Lin J, Li C, Li A, et al. Encephalitis With Antibodies Against the
GABAD receptor: high mortality and risk factors. Front Neurol
2019;10:1030. Doi: 10.3389/fneur.2019.01030

Sabater L, Planaguma ], Dalmau J, Graus F. Cellular investigations
with human antibodies associated with the anti-IgLON5 syn-
drome. ] Neuroinflammation 2016;13(01):226. Doi: 10.1186/
$12974-016-0689-1

Lee SY, Shoji H, Shimozawa A, et al. Phenotypic Insights Into Anti-
IgLON5 Disease in IgLON5-Deficient Mice. Neurol Neuroimmu-
nol Neuroinflamm 2024;11(03):e200234. Doi: 10.1212/NXI1.000
0000000200234

Sabater L, Gaig C, Gelpi E, et al. A novel non-rapid-eye movement
and rapid-eye-movement parasomnia with sleep breathing disor-
der associated with antibodies to IgLON5: a case series, character-
isation of the antigen, and post-mortem study. Lancet Neurol
2014;13(06):575-586. Doi: 10.1016/S1474-4422(14)70051-1
Landa ], Gaig C, Plaguma J, et al. Effects of IgLON5 Antibodies on
Neuronal Cytoskeleton: A Link between Autoimmunity and
Neurodegeneration. Ann Neurol 2020;88(05):1023-1027. Doi:
10.1002/ana.25857

Berger-Sieczkowski E, Endmayr V, Haider C, et al. Analysis of
inflammatory markers and tau deposits in an autopsy series of
nine patients with anti-IgLON5 disease. Acta Neuropathol 2023;
146(04):631-645. Doi: 10.1007/s00401-023-02625-6

Griiter T, Mollers FE, Tietz A, et al; German Network for Research on
Autoimmune Encephalitis (GENERATE) Clinical, serological and
genetic predictors of response to immunotherapy in anti-IgLON5
disease. Brain 2023;146(02):600-611. Doi: 10.1093/brain/awac090
Gaig C, Graus F, Compta Y, et al. Clinical manifestations of the
anti-IgLON5 disease. Neurology 2017;88(18):1736-1743. Doi:
10.1212/WNL.0000000000003887

Wenninger S. Expanding the Clinical Spectrum of IgLON5-Syn-
drome. ] Neuromuscul Dis 2017;4(04):337-339. Doi: 10.3233/
JND-170259

Sista SR, Crum B, Aboseif A, et al. Motor-neuron-disease-like
phenotype associated with IgLON5 disease. ] Neurol 2022;269
(11):6139-6144. Doi: 10.1007/s00415-022-11262-0

Tao QQ, Wei Q, Song SJ, Yin XZ. Motor neuron disease-like
phenotype associated with anti-IgLON5 disease. CNS Neurosci
Ther 2018;24(12):1305-1308. Doi: 10.1111/cns.13038

70

7

-

72

73

74

75

76

77

78

79

80

8

=

82

83

84

85

86

87

88

Ferreira et al.

Gaig C, Griiter T, Heidbreder A, et al. Development of a Composite
Score for the Clinical Assessment of Anti-IgLON5 Disease. Neurology
2024;102(07):e208101. Doi: 10.1212/WNL.0000000000208101
Ono Y, Tadokoro K, Yunoki T, et al. Anti-IgLON5 disease as a
differential diagnosis of multiple system atrophy. Parkinsonism Relat
Disord 2024;124:106992. Doi: 10.1016/j.parkreldis.2024.106992
Graus F, Saiz A, Dalmau ]. GAD antibodies in neurological
disorders - insights and challenges. Nat Rev Neurol 2020;16
(07):353-365. Doi: 10.1038/s41582-020-0359-x
Mufioz-Lopetegi A, de Bruijn MAAM, Boukhrissi S, et al. Neuro-
logic syndromes related to anti-GAD65: Clinical and serologic
response to treatment. Neurol Neuroimmunol Neuroinflamm
2020;7(03):e696. Doi: 10.1212/NX1.0000000000000696
Dalakas MC, Li M, Fujii M, Jacobowitz DM. Stiff person syndrome:
quantification, specificity, and intrathecal synthesis of GAD65
antibodies. Neurology 2001;57(05):780-784. Doi: 10.1212/
wnl.57.5.780

Li L, Sun L, Du R, et al. Application of the 2016 diagnostic
approach for autoimmune encephalitis from Lancet Neurology
to Chinese patients. BMC Neurol 2017;17(01):195. Doi: 10.1186/
$12883-017-0974-3

Orozco E, Valencia-Sanchez C, Britton ], et al. Autoimmune
Encephalitis Criteria in Clinical Practice. Neurol Clin Pract
2023;13(03):e200151. Doi: 10.1212/CPJ.0000000000200151
Bastiaansen AEM, van Steenhoven RW, Te Vaarwerk ES, et al.
Antibodies Associated With Autoimmune Encephalitis in
Patients With Presumed Neurodegenerative Dementia. Neurol
Neuroimmunol Neuroinflamm 2023;10(05):e200137. Doi:
10.1212/NXI1.0000000000200137

Cellucci T, Van Mater H, Graus F, et al. Clinical approach to the
diagnosis of autoimmune encephalitis in the pediatric patient.
Neurol Neuroimmunol Neuroinflamm 2020;7(02):e663. Doi:
10.1212/NX1.0000000000000663

Budhram A, Irani SR, Flanagan EP. Looking Beyond Syndrome-Based
Criteria for Autoimmune Encephalitis-The Need for Complementary
Neural Antibody-Based Diagnostic Criteria. JAMA Neurol 2024;81
(03):227-228. Doi: 10.1001/jamaneurol.2023.4894

Lee SU, Kim HJ, Choi ]JY, Choi KD, Kim JS. Expanding Clinical
Spectrum of Anti-GQ1b Antibody Syndrome: A Review. JAMA
Neurol 2024;81(07):762-770. Doi: 10.1001/jamaneurol.2024.1123
Costa D, Sardoeira A, Carneiro P, et al. Autoimmune encephalitis:
suspicion in clinical practice and mimics. ] Neuroimmunol 2022;
365:577824. Doi: 10.1016/j.jneuroim.2022.577824

Dinoto A, Zara P, Mariotto S, et al. Autoimmune encephalitis
misdiagnosis and mimics. ] Neuroimmunol 2023;378:578071.
Doi: 10.1016/j.jneuroim.2023.578071

Guasp M, Giné-Servén E, Maudes E, et al. Clinical, Neuroimmuno-
logic, and CSF Investigations in First Episode Psychosis. Neurology
2021;97(01):e61-e75. Doi: 10.1212/WNL.0000000000012191
Theorell J, Ramberger M, Harrison R, et al. Screening for patho-
genic neuronal autoantibodies in serum and CSF of patients with
first-episode psychosis. Transl Psychiatry 2021;11(01):566. Doi:
10.1038/s41398-021-01701-3

Dalmau J, Graus F. Autoimmune Encephalitis-Misdiagnosis, Mis-
conceptions, and How to Avoid Them. JAMA Neurol 2023;80(01):
12-14. Doi: 10.1001/jamaneurol.2022.4154

Armangue T, Olivé-Cirera G, Martinez-Hernandez E, et al; Span-
ish Pediatric anti-MOG Study Group. Associations of paediatric
demyelinating and encephalitic syndromes with myelin oligo-
dendrocyte glycoprotein antibodies: a multicentre observation-
al study. Lancet Neurol 2020;19(03):234-246. Doi: 10.1016/
S1474-4422(19)30488-0

Han JY, Kim SY, Kim H, et al. Clinico-radiological characteristics
of anti-myelin oligodendrocyte glycoprotein antibody-associat-
ed autoimmune encephalitis in children. Dev Med Child Neurol
2022;64(08):998-1007. Doi: 10.1111/dmcn.15174

Kang Q, Liao H, Yang L, Fang H, Hu W, Wu L. Clinical Character-
istics and Short-Term Prognosis of Children With Antibody-

Arquivos de Neuro-Psiquiatria  Vol. 82 No. 12/2024 © 2024. The Author(s).

11



12 Recent advances in autoimmune encephalitis

89

90

91

92

93

94

95

96

97

98

99

100

102

103

104

105

Arquivos de Neuro-Psiquiatria

Mediated Autoimmune Encephalitis: A Single-Center Cohort
Study. Front Pediatr 2022;10:880693. Doi: 10.3389/fped.2022.
880693

de Bruijn MAAM, Bruijstens AL, Bastiaansen AEM, et al; CHANCE
Study Group. Pediatric autoimmune encephalitis: Recognition
and diagnosis. Neurol Neuroimmunol Neuroinflamm 2020;7
(03):e682. Doi: 10.1212/NXI1.0000000000000682

Chen LW, Guasp M, Olivé-Cirera G, et al. Antibody Investigations
in 2,750 Children With Suspected Autoimmune Encephalitis.
Neurol Neuroimmunol Neuroinflamm 2023;11(01):e200182.
Doi: 10.1212/NXI1.0000000000200182

Dutra LA, Abrantes F, Toso FF, Pedroso ]JL, Barsottini OGP, Hoft-
berger R. Autoimmune encephalitis: a review of diagnosis and
treatment. Arq Neuropsiquiatr 2018;76(01):41-49. Doi:
10.1590/0004-282X20170176

Ruiz-Garcia R, Mufioz-Sanchez G, Naranjo L, et al. Limitations of a
Commercial Assay as Diagnostic Test of Autoimmune Encepha-
litis. Front Immunol 2021;12:691536. Doi: 10.3389/fimmu.
2021.691536

Pedrosa DA, Ferreira JHF, Gleizer R, et al. Encephalitis associated
with anti-mGIuR5 antibodies. Pract Neurol 2024;24(04):
306-309. Doi: 10.1136/pn-2024-004089

Muiiiz-Castrillo S, Honnorat J. Genetic predisposition to autoim-
mune encephalitis and paraneoplastic neurological syndromes.
Curr Opin Neurol 2024;37(03):329-337. Doi: 10.1097/WC0.000
0000000001263

Armangue T, Baucells BJ, Vlagea A, et al. Toll-like receptor 3
deficiency in autoimmune encephalitis post-herpes simplex
encephalitis. Neurol Neuroimmunol Neuroinflamm 2019;6
(06):e611. Doi: 10.1212/NX1.0000000000000611

Sartori S, Salviati L, Nosadini M. Toll-like receptor 3 pathway
deficiency, herpes simplex encephalitis, and anti-NMDAR en-
cephalitis: more questions than answers. Pediatr Res 2021;89
(05):1043. Doi: 10.1038/s41390-020-1018-z

Shu Y, Qiu W, Zheng J, et al. HLA class II allele DRB1*16:02 is
associated with anti-NMDAR encephalitis. ] Neurol Neurosurg Psy-
chiatry 2019;90(06):652-658. Doi: 10.1136/jnnp-2018-319714
Mueller SH, Farber A, Priiss H, et al; German Network for
Research on Autoimmune Encephalitis (GENERATE) Genetic
predisposition in anti-LGI1 and anti-NMDA receptor encephali-
tis. Ann Neurol 2018;83(04):863-869. Doi: 10.1002/ana.25216
Liu X, Zheng X, Shu Y, et al. Genome-Wide Association Study
Identifies IFIH1 and HLA-DQB1*05:02 Loci Associated With Anti-
NMDAR Encephalitis. Neurol Neuroimmunol Neuroinflamm
2024;11(03):200221. Doi: 10.1212/NX1.0000000000200221
Shu Y, Guo ], Ma X, et al. Anti-N-methyl-D-aspartate receptor
(NMDAR) encephalitis is associated with IRF7, BANK1 and TBX21
polymorphisms in two populations. Eur | Neurol 2021;28(02):
595-601. Doi: 10.1111/ene.14596

Strippel C, Herrera-Rivero M, Wendorff M, et al; German Net-
work for Research on Autoimmune Encephalitis (GENERATE) A
genome-wide association study in autoimmune neurological
syndromes with anti-GAD65 autoantibodies. Brain 2023;146
(03):977-990. Doi: 10.1093/brain/awac119

Wagnon [, Hélie P, Bardou I, et al. Autoimmune encephalitis
mediated by B-cell response against N-methyl-d-aspartate recep-
tor. Brain 2020;143(10):2957-2972. Doi: 10.1093/brain/awaa250
van Sonderen A, Roelen DL, Stoop JA, et al. Anti-LGI1 encephalitis
is strongly associated with HLA-DR7 and HLA-DRB4. Ann Neurol
2017;81(02):193-198. Doi: 10.1002/ana.24858

Kim TJ, Lee ST, Moon |, et al. Anti-LGI1 encephalitis is associated
with unique HLA subtypes. Ann Neurol 2017;81(02):183-192.
Doi: 10.1002/ana.24860

Gaig C, Ercilla G, Daura X, Ezquerra M, Fernandez-Santiago R,
Palou E, et al. HLA and microtubule-associated protein tau H1
haplotype associations in anti-IgLON5 disease. Neurol Neuro-
immunol Neuroinflamm 2019;6(06):. Doi: 10.1212/NX1.000000
0000000605

Vol. 82 No. 12/2024 © 2024. The Author(s).

Ferreira et al.

106

107

108

109

110

11

112

113

114

115

116

117

118

119

120

121

Yogeshwar SM, Muiiiz-Castrillo S, Sabater L, Peris-Sempere V,
Mallajosyula V, Luo G, et al. HLA-DQB1*05 subtypes and not
DRB1*10:01 mediates risk in anti-IgLON5 disease. Brain 2024;
147(07):2579-2592. Doi: 10.1093/brain/awae048

Binks S, Varley |, Lee W, Makuch M, Elliott K, Gelfand JM, et al.
Distinct HLA associations of LGI1 and CASPR2-antibody diseases.
Brain 2018;141(08):2263-71. Doi: 10.1093/brain/awy109
Muiiiz-Castrillo S, Joubert B, Elsensohn MH, Pinto AL, Saint-
Martin M, Vogrig A, et al. Anti-CASPR2 clinical phenotypes
correlate with HLA and immunological features. ] Neurol Neuro-
surg Psychiatry 2020;91(10):1076-84. Doi: 10.1136/jnnp-2020-
323226

Burns TM, Jones HR, Phillips LH, Bugawan TL, Erlich HA, Lennon
VA. Clinically disparate stiff-person syndrome with GADG65
autoantibody in a father and daughter. Neurology 2003;61
(09):1291-3. Doi: 10.1212/01.wnl.0000092016.98256.21
Kuchling ], Shababi-Klein ], Niimann A, Gerischer LM, Harms L,
Priiss H. GAD Antibody-Associated Late-Onset Cerebellar Ataxia
in Two Female Siblings. Case Rep Neurol 2014;6(03):264-70.
Doi: 10.1159/000369784

Xiao Z, Shan ], Huang X, Yuan M, Li X, Chen S, et al. Familial case
reports of stiff-person syndrome. Clin Neurophysiol 2015;126
(12):2408-9. Doi: 10.1016/j.clinph.2015.03.010

Belbezier A, Joubert B, Montero-Martin G, Fernandez-Vina M,
Fabien N, Rogemond V, et al. Multiplex family with GAD65-Abs
neurologic syndromes. Neurol Neuroimmunol Neuroinflamm
2018;5(01):e416. Doi: 10.1212/NX1.0000000000000416
Muiiiz-Castrillo S, Ambati A, Dubois V, Vogrig A, Joubert B,
Rogemond V, et al. Primary DQ effect in the association between
HLA and neurological syndromes with anti-GAD65 antibodies. |
Neurol 2020;267(07):1906-11. Doi: 10.1007/s00415-020-
09782-8

Abboud H, Probasco ], Irani SR, et al; Autoimmune Encephalitis
Alliance Clinicians Network. Autoimmune encephalitis: pro-
posed recommendations for symptomatic and long-term man-
agement. ] Neurol Neurosurg Psychiatry 2021;92(08):897-907.
Doi: 10.1136/jnnp-2020-325302

Nosadini M, Eyre M, Molteni E, et al; International NMDAR
Antibody Encephalitis Consensus Group. Use and Safety of
Immunotherapeutic Management of N-Methyl-d-Aspartate Re-
ceptor Antibody Encephalitis: A Meta-analysis. JAMA Neurol
2021;78(11):1333-1344. Doi: 10.1001/jamaneurol.2021.3188
Zuliani L, Nosadini M, Gastaldi M, et al. Management of antibody-
mediated autoimmune encephalitis in adults and children:
literature review and consensus-based practical recommenda-
tions. Neurol Sci 2019;40(10):2017-2030. Doi: 10.1007/s10072-
019-03930-3

Dutra LA, Silva PVC, Ferreira JHF, Marques AC, Toso FF, Vascon-
celos CCF, et al. Brazilian consensus recommendations on the
diagnosis and treatment of autoimmune encephalitis in the
adult and pediatric populations. Arq Neuropsiquiatr 2024;82
(07):1-15. Doi: 10.1055/s-0044-1788586

Lim J-A, Lee S-T, Moon ], et al. Development of the clinical
assessment scale in autoimmune encephalitis. Ann Neurol
2019;85(03):352-358. Doi: 10.1002/ana.25421

Dubey D, Britton J, McKeon A, et al. Randomized Placebo-
Controlled Trial of Intravenous Immunoglobulin in Autoimmune
LGI1/CASPR2 Epilepsy. Ann Neurol 2020;87(02):313-323. Doi:
10.1002/ana.25655

Alkabie S, Budhram A. Prolonged Corticosteroids Without Main-
tenance Immunotherapy for Treatment of Anti-LGI1 Encephali-
tis: Analysis of Outcomes and Relapse Rate. Neurol
Neuroimmunol Neuroinflamm 2023;10(03):e200115. Doi:
10.1212/NX1.0000000000200115

Rodriguez A, Klein CJ, Sechi E, et al. LGI1 antibody encephalitis:
acute treatment comparisons and outcome. ] Neurol Neurosurg
Psychiatry 2022;93(03):309-315. Doi: 10.1136/jnnp-2021-
327302



122

123

124

125

126

127

128

129

130

13

132

Recent advances in autoimmune encephalitis

Hahn C, Budhram A, Alikhani K, et al. Canadian Consensus Guide-
lines for the Diagnosis and Treatment of Autoimmune Encephalitis
in Adults. Can ] Neurol Sci 2024;¢++:1-21. Doi: 10.1017/cjn.2024.16
Thaler FS, Zimmermann L, Kammermeier S, et al; German
Network for Research on Autoimmune Encephalitis (GENERATE)
Rituximab Treatment and Long-term Outcome of Patients With
Autoimmune Encephalitis: Real-world Evidence From the GEN-
ERATE Registry. Neurol Neuroimmunol Neuroinflamm 2021;8
(06):e1088. Doi: 10.1212/NX1.0000000000001088

Nosadini M, Thomas T, Eyre M, et al. International Consensus
Recommendations for the Treatment of Pediatric NMDAR Anti-
body Encephalitis. Neurol Neuroimmunol Neuroinflamm 2021;
8(05):e1052. Doi: 10.1212/NX1.0000000000001052

Scheibe F, Priiss H, Mengel AM, et al. Bortezomib for treatment of
therapy-refractory anti-NMDA receptor encephalitis. Neurology
2017;88(04):366-370. Doi: 10.1212/WNL.0000000000003536
Schwarz L, Akbari N, Priiss H, Meisel A, Scheibe F. Clinical
characteristics, treatments, outcome, and prognostic factors of
severe autoimmune encephalitis in the intensive care unit:
Standard treatment and the value of additional plasma cell-
depleting escalation therapies for treatment-refractory patients.
Eur ] Neurol 2023;30(02):474-489. Doi: 10.1111/ene.15585
Lee WJ, Lee ST, Shin YW, et al. Teratoma Removal, Steroid, IVIG,
Rituximab and Tocilizumab (T-SIRT) in Anti-NMDAR Encephali-
tis. Neurotherapeutics 2021;18(01):474-487. Doi: 10.1007/
s13311-020-00921-7

Dalakas MC. Therapies in Stiff-Person Syndrome: Advances and
Future Prospects Based on Disease Pathophysiology. Neurol
Neuroimmunol Neuroinflamm 2023;10(03):e200109. Doi:
10.1212/NX1.0000000000200109

Levy LM, Levy-Reis |, Fujii M, Dalakas MC. Brain gamma-amino-
butyric acid changes in stiff-person syndrome. Arch Neurol
2005;62(06):970-974. Doi: 10.1001/archneur.62.6.970
Rakocevic G, Alexopoulos H, Dalakas MC. Quantitative clinical
and autoimmune assessments in stiff person syndrome: evi-
dence for a progressive disorder. BMC Neurol 2019;19(01):1.
Doi: 10.1186/s12883-018-1232-z

Dalakas MC, Fujii M, Li M, Lutfi B, Kyhos ], McElroy B. High-dose
intravenous immune globulin for stiff-person syndrome. N Engl |
Med 2001;345(26):1870-1876. Doi: 10.1056/NEJMoa01167

Yi J, Dalakas MC. Long-term Effectiveness of IVIg Maintenance
Therapy in 36 Patients With GAD Antibody-Positive Stiff-Person

133

134

135

136

137

138

139

140

14

s

142

Ferreira et al.

Syndrome. Neurol Neuroimmunol Neuroinflamm 2022;9(05):
€200011. Doi: 10.1212/NX1.0000000000200011

Baker MR, Das M, Isaacs |, Fawcett PR, Bates D. Treatment of stiff
person syndrome with rituximab. ] Neurol Neurosurg Psychiatry
2005;76(07):999-1001. Doi: 10.1136/jnnp.2004.051144

Celli SI, Nash R, Money KM, et al. Successful Autologous Hemato-
poietic Stem Cell Transplant in Glycine Receptor Antibody-Positive
Stiff Person Syndrome: A Case Report. Neurol Neuroimmunol
Neuroinflamm 2024;11(02):e200197. Doi: 10.1212/NX1.000000
0000200197

Dalakas MC. Limited Benefits Halt Enrollment in Hematopoietic
Stem Cell Transplantation Trial for Stiff-Person Syndrome:
Should There Be More to Come? Neurology 2021;96(06):
239-240. Doi: 10.1212/WNL.0000000000011349

Burt RK, Balabanov R, Han X, et al. Autologous Hematopoietic
Stem Cell Transplantation for Stiff-Person Spectrum Disorder: A
Clinical Trial. Neurology 2021;96(06):e817-e830. Doi: 10.1212/
WNL.0000000000011338

Kass-Iliyya L, Snowden JA, Thorpe A, et al. Autologous haema-
topoietic stem cell transplantation for refractory stiff-person
syndrome: the UK experience. ] Neurol 2021;268(01):265-275.
Doi: 10.1007/s00415-020-10054-8

Reincke SM, von Wardenburg N, Homeyer MA, et al. Chimeric
autoantibody receptor T cells deplete NMDA receptor-specific B
cells. Cell 2023;186(23):5084-5097.e18. Doi: 10.1016/j.cell.
2023.10.001

Shang H, Shen X, Yu X, Zhang ], Jia Y, Gao F. B-cell targeted
therapies in autoimmune encephalitis: mechanisms, clinical
applications, and therapeutic potential. Front Immunol 2024;
15:1368275. Doi: 10.3389/fimmu.2024.1368275

Morgan A, Li Y, Thompson NR, et al. Longitudinal Disability,
Cognitive Impairment, and Mood Symptoms in Patients With
Anti-NMDA Receptor Encephalitis. Neurology 2024;102(04):
€208019. Doi: 10.1212/WNL.0000000000208019

Brenner ], Olijslagers SHC, Crijnen YS, de Vries JM, Mandar-
akas MR, Titulaer M]. Clinical Outcome Assessments in
Encephalitis: A Systematic Review. Neurol Neuroimmunol
Neuroinflamm 2024;11(01):e200168. Doi: 10.1212/NXI.0000
000000200168

Finke C. The Patient Perspective in Encephalitis Research. Neurol
Neuroimmunol Neuroinflamm 2024;11(01):e200189. Doi:
10.1212/NXI1.0000000000200189

Arquivos de Neuro-Psiquiatria  Vol. 82 No. 12/2024 © 2024. The Author(s).



