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Introduction

Acute encephalitis is a rapidly progressive encephalopathy due to brain inflamma-
tion, progressive over the course of weeks, and associated with significant morbid-
ity as well as care burden to patients, families, and society [1, 2]. Historically, the
most frequently identified causes of acute encephalitis have been infectious; how-
ever over the past decade, an increasing number of autoimmune encephalitides have
been described. A subset of these autoimmune encephalitides are paraneoplastic in
that they occur physically and potentially temporally remote from a tumor.
Paraneoplastic autoimmune encephalitis, like other paraneoplastic neurological
syndromes, is often the by-product of the immunological response directed against
a cancer, and the development of a paraneoplastic syndrome can herald the detec-
tion of cancer or its recurrence by years [3-5]. In contrast, primary autoimmune
encephalitides have been described in the absence of detected cancer at diagnosis or
in longitudinal clinical care, typically characterized by immune responses directed
against cell surface proteins including neurotransmitter receptors, water channels,
and ion channels [6].

The diagnosis of an autoimmune encephalitis carries import for not only the
immediate care for a patient presenting with a rapidly progressive encephalopathy
but also the detection and monitoring for occult malignancy when appropriate [7].
The diagnosis of autoimmune encephalitis can be challenging, prompting the recent
development of consensus clinical criteria for autoimmune encephalitis to help pro-
viders better identify patients and to differentiate autoimmune encephalitis from
other neurological and psychiatric disorders [6]. As described below, additional
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Table 12.1 Challenges in Heterogeneity of clinical presentation
the diagnosis and treatment

of autoimmune encephalitis

Limited utility of current radiographic methods for
diagnosis and prognosis
False positives and negatives with autoantibody testing

Limited understanding of contribution of cellular
autoimmunity and genetics

Lack of guidelines for escalation and duration of
immunotherapy

Need for personalized therapeutic approaches

Inadequate understanding of long-term outcomes and
sequelae

challenges arise when diagnosing and treating patients with autoimmune encepha-
litis, including syndrome recognition, antibody testing in the commercial or research
laboratory setting, the interpretation of antibody test results, the utility of various
diagnostic modalities, and the acute and chronic management of the autoimmune
encephalitis and its sequelae (Table 12.1).

The field of autoimmune encephalitis has matured from syndrome recognition
and description to the exploration of disease mechanisms, potential relationships of
infectious and autoimmune encephalitides, the evaluation of treatment approaches
and pharmaceuticals, and the potential for novel treatment approaches in the para-
digm of precision medicine. In this chapter we explore the diagnostic and treatment
challenges that face the neurologist caring for a patient with possible autoimmune
encephalitis as well as future directions in diagnosis and care.

Diagnosis
Clinical Presentation

Encephalitis is a severe, debilitating inflammatory disorder of the brain, with varied
possible etiologies of a rapidly progressive encephalopathy leading to a broad differ-
ential diagnosis (Table 12.2) and potentially extensive diagnostic evaluation [1, 6, 8].

Syndrome onset and tempo play important roles in differentiating acute
encephalitis from more chronic neurodegenerative and psychiatric syndromes. In
general, acute encephalitis is characterized by the development and progression of
brain inflammation leading to a debilitating neurological disorder in a matter of
weeks, usually less than 6 weeks [1, 6]. More specifically for autoimmune enceph-
alitis, consensus clinical criteria require subacute onset with rapid progression of
less than 3 months of working memory deficits (or short-term memory loss),
altered mental status, or psychiatric symptoms [6]. Altered mental status is further
defined as decreased or altered level of consciousness, lethargy, or personality
change [6]. These symptoms may be accompanied by other neurological symp-
toms or examination findings, some of which have been associated with specific
autoantibodies [4, 6, 9].
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Table 12.2 Differential diagnosis of acute encephalitis [1, 6, 8]

CNS infections Metabolic/mitochondrial disorders
Routinely assessed: HSV, VZV, enterovirus, Mitochondrial
cryptococcal, syphilis, HIV encephalomyopathy, lactic
acidosis, and stroke-like episode
syndrome
Immunocompromised host: CMV, HHV6/7, Urea cycle disorders

Toxoplasma gondii, Mycobacterium
tuberculosis, West Nile virus
Geographic factors (e.g., malaria, Reye syndrome (in children)
trypanosomiasis, Japanese encephalitis virus,
tick-borne encephalitis virus, dengue)

Seasonal (e.g., arbovirus) Rheumatologic disorders
Exposure (e.g., bartonella, tick-borne disease Systemic lupus erythematosus
testing, rabies testing, Naegleria fowleri)

Encephalopathy due to systemic disease Sarcoidosis
Sepsis Behcet’s
Organ failure (e.g., hepatic, renal/uremia, Sjogren’s syndrome
pulmonary/hypoxemia/hypercapnia)
Electrolyte abnormalities (e.g., hypernatremia, Cerebrovascular disease
hyponatremia, hypercalcemia)
Endocrine (e.g., hyperthyroid/hypothyroid) Ischemic stroke
Nutritional (e.g., Wernicke, B12 deficiency, Hemorrhagic stroke
niacin deficiency, folate deficiency)
Hyperviscosity syndrome Venous sinus thrombosis

Drug toxicity Posterior reversible

encephalopathy syndrome (PRES)
Ilicit drugs (e.g., ketamine) Cancer
Neurotoxic effect of prescribed drugs (e.g., Central nervous system lymphoma
anticholinergics)
Seizures induced by drugs or medications Brain metastases from systemic
cancer

Intravascular lymphoma

Idiosyncratic reaction (e.g., neuroleptic Gliomatosis cerebri
malignant syndrome)

Drug interaction (e.g., serotonergic syndrome) Epileptic disorders

Drug withdrawal (e.g., alcohol, Nonconvulsive status epilepticus
benzodiazepines, opiates)
Creutzfeldt-Jakob disease Febrile infection-related epilepsy
syndrome (FIRES)
Kleine-Levin syndrome Idiopathic hemiconvulsion
hemiplegia and epilepsy (IHHE)
syndrome

The subsequent evaluation of patients presenting with signs and symptoms con-
sistent with autoimmune encephalitis should include a conventional neurological
evaluation to assess for potential alternative etiologies as well as to investigate for
supportive findings by standard diagnostic tests, including magnetic resonance
imaging (MRI), cerebrospinal fluid (CSF), and electroencephalography (EEG)
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studies. The diagnosis of autoimmune encephalitis is clinical and not dependent on
the detection of an autoantibody as at times autoantibody testing is not readily
accessible, the results of autoantibody testing may take weeks to return, the failure
to detect an autoantibody in the serum or CSF does not exclude an autoimmune
encephalitis, and false-positive antibody assay results can occur. As early immuno-
therapy appears to be associated with improved clinical outcome, the diagnostic
evaluation is undertaken to support the diagnosis of autoimmune encephalitis while
quickly clarifying the presence or absence of other etiologies, particularly infec-
tious, to allow for rapid initiation of immunotherapy with treatment escalation as
clinically indicated [10, 11].

Diagnostic Tests

As mentioned previously, the standard diagnostics used in the evaluation of patients
with suspected autoimmune encephalitis include MRI of the brain, CSF assessment,
and EEG [6]. The sensitivity and specificity of each of these standard diagnostics
vary for autoimmune encephalitis in general and for specific autoantibody
syndromes.

CSF assessment is of import in ruling out a number of infectious encephalitides,
supporting a diagnosis of possible autoimmune encephalitis, and in diagnosing a
specific autoantibody syndrome [6]. Routine CSF studies typically demonstrate a
moderate lymphocytic predominant pleocytosis (>5 WBC/mL), with normal glucose
and potentially elevated CSF protein. The detection of intrathecal oligoclonal bands
and an elevated serum to CSF immunoglobulin G (IgG) index indicate intrathecal
antibody synthesis and are further supportive. It should be noted that a CSF pleocy-
tosis may be transient, potentially only evident in the early stages of the encephalitis,
as has been observed in anti-NMDA receptor (anti-NMDAR) encephalitis [6, 10,
12]. In addition, when evaluating patients for possible autoimmune encephalitis, it is
recommended that autoantibody testing is sent from the CSF in addition to autoanti-
body testing in the serum [6]. The reasons for this are manifold. First, in some syn-
dromes (e.g., anti-NMDAR and anti-LGI1), CSF antibody testing has been
demonstrated to be more sensitive than serum testing alone [10, 13]. In addition,
multiple antibodies can be detected in the serum, potentially in addition to those
detected in the CSF. In such cases, CSF antibodies are more likely pathologic, with
a lower rate of false-positive and false-negative results compared to serum antibody
testing [6].

EEG is of variable sensitivity in autoimmune encephalitis, with the most fre-
quent findings being non-specific slowing and disorganized cortical activity [6, 12,
14]. Consensus criteria for the diagnosis of possible autoimmune encephalitis and
definite limbic encephalitis include temporal slowing (either unilateral or bilateral)
[6]. Patients with autoimmune encephalitis may be found to have electrographic
seizures, potentially as nonconvulsive status epilepticus [14]. There have been
descriptions of rare electrographic findings in specific autoimmune encephalitis
syndromes, such as extreme delta brush in anti-NMDAR encephalitis which is
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noted in a minority of cases [15]. Patterns commonly associated with other neuro-
logical syndromes have been noted in cases of autoimmune encephalitis, such as
periodic sharp wave complexes commonly described in Creutzfeldt-Jakob disease
also observed in patients with autoimmune encephalitis with autoantibodies directed
against the voltage-gated potassium channel complex [16].

Brain MRI is of variable sensitivity, for instance, being abnormal in 33-50% of
patients with anti-NMDAR encephalitis. Depending on the syndrome, there can be
abnormalities of the mesial temporal lobes, gray matter, and/or white matter on T2
sequences with subtle gadolinium enhancement. Some lesions may also appear con-
sistent with demyelinating diseases. Findings by MRI may be subtle and transient,
resolving spontaneously through the course of disease or with treatment [6, 10, 12].

Though currently included in the consensus criteria for definite autoimmune lim-
bic encephalitis [6], FDG-PET may in the future prove to play an important role in
the diagnostic evaluation of patients with suspected autoimmune encephalitis.
Consensus criteria include hypermetabolism of the mesial temporal lobe in lieu of
T2 hyperintensities on MRI as meeting the radiographic criterion for definite auto-
immune limbic encephalitis [6]. This criterion is based on primarily qualitative
observations of FDG-PET studies from small series of patients with a variety of
autoantibody syndromes, chiefly anti-NMDA receptor and anti-LGI1 encephalitis.
In a recent retrospective series applying semiquantitative techniques, brain FDG-
PET/CT was observed to often be abnormal in patients with possible autoimmune
encephalitis, most commonly demonstrating hypometabolism [17, 18].
Demonstration of abnormalities by brain FDG-PET/CT was also noted to be in
weak agreement with detection of abnormalities on at least two of the routine diag-
nostic assessments (CSF analysis, brain MRI, and/or EEG), suggesting its potential
utility in addition to these routine studies in the diagnosis of possible autoimmune
encephalitis [17]. Some series have also found that FDG-PET may be more sensi-
tive than brain MRI for abnormalities in autoimmune encephalitis [18]. Finally,
characteristic metabolism patterns have been noted in some autoimmune encepha-
litides which have been found to resolve with patient clinical improvement, such as
parieto-occipital hypometabolism and relative anterior hypermetabolism in anti-
NMDAR encephalitis [18-20]. Much work remains to prospectively assess the util-
ity of FDG-PET in the diagnosis and clinical monitoring of autoimmune encephalitis,
including its differentiation from other causes of encephalitis (e.g., infectious
encephalitides) and syndromes (e.g., psychiatric, drug-induced).

Several autoantibodies directed against neuronal targets have been described in
autoimmune encephalitis, with patients at times presenting with additional neuro-
logical symptoms and signs suggestive of particular autoantibody syndromes
(Table 12.3). The autoantibodies themselves may play a direct role in disease patho-
genesis or may be markers of systemic immunoreactivity directed against the ner-
vous system [4, 21, 22]. It is not uncommon for multiple autoantibodies to be detected
in the serum. For instance, in a review over 550 seropositive patients evaluated for a
paraneoplastic neurological syndrome at a tertiary medical center, nearly a third were
found to have multiple autoantibodies [23]. The pattern of autoantibodies detected
was suggestive of the cancer ultimately detected and was not specific for a particular
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Table 12.3 Autoantibodies in autoimmune encephalitis [4, 6, 64]

Syndrome and

associated
neurological Other associated Frequency | Main cancer
findings neurological syndromes | of cancer | type
Antibodies against intracellular antigens
Hu (ANNA1) Limbic Brainstem encephalitis, >95% Small-cell
encephalitis encephalitis, subacute lung
cerebellar degeneration, carcinoma
myelitis, sensory
neuronopathy,
autonomic neuropathy,
peripheral neuropathy
Amphiphysin Limbic Stiff-person syndrome, Small-cell
encephalitis encephalitis, subacute lung
cerebellar degeneration, carcinoma,
myelopathy, subacute breast,
sensory neuronopathy, thymoma
peripheral neuropathy
CV2/CRMP5 Limbic Encephalitis, chorea, Small-cell
encephalitis subacute cerebellar lung
degeneration, cranial carcinoma,
neuropathies, uveitis, uterine
optic neuritis, sarcoma
retinopathy, myelopathy,
subacute sensory
neuronopathy,
autonomic neuropathy,
peripheral neuropathy
Ma2 Limbic Brainstem encephalitis, >95% Testicular
encephalitis hypothalamic seminoma
encephalitis,
mesencephalic
encephalitis, subacute
cerebellar degeneration
GAD 65 (65 kDa | Limbic Stiff-person syndrome, 25% Thymoma,
glutamic acid encephalitis cerebellar ataxia, small-cell
decarboxylase) epilepsy, brainstem lung
encephalitis carcinoma
Antibodies against synaptic receptors
NMDA receptor | Anti-NMDA Anxiety, psychosis, Varies Ovarian
receptor epilepsy, extrapyramidal | with age teratoma
encephalitis disorder, and sex
hypoventilation, central
AMPA receptor | Limbic Epilepsy, nystagmus 65% Thymoma,
encephalitis small-cell
lung
carcinoma
GABA-B Limbic Epilepsy, cerebellar 50% Small-cell
receptor encephalitis ataxia lung

carcinoma
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Table 12.3 (continued)

Syndrome and
associated
neurological Other associated Frequency | Main cancer
findings neurological syndromes | of cancer | type
GABA-A Encephalitis Epilepsy, cerebellar <5% Thymoma
receptor ataxia
mGluR5 Encephalitis 70% Hodgkin’s
lymphoma
Dopamine 2 Basal ganglia Sydenham chorea 0%
receptor encephalitis
Antibodies against ion channels and other cell-surface proteins
LGI1 (leucine- Limbic Faciobrachial dystonic 5-10% Thymoma
rich glioma- encephalitis seizures, abnormal sleep
inactivated 1) behavior
CASPR2 Limbic Morvan syndrome, 20-50% Thymoma
(contactin- encephalitis neuromyotonia
associated
protein 2)
DPPX Encephalitis Psychiatric symptoms, <10% Lymphoma
(dipeptidyl- diarrhea tremor,
peptidase-like nystagmus,
protein 6 hyperekplexia, ataxia,
progressive
encephalomyelitis with
rigidity and myoclonus
(PERM)
MOG (myelin Acute Neuromyelitis optica, 0%
oligodendrocyte | disseminated optic neuritis, myelitis
glycoprotein) encephalomyelitis
Aquaporin 4 Encephalitis Neuromyelitis optica, 0%
optic neuritis, myelitis

neurological syndrome [23]. In addition, autoantibodies have been detected in non-
paraneoplastic, non-encephalitic syndromes, including Creutzfeldt-Jakob disease
[24, 25]. Thus, in utilizing autoantibody testing in the serum alone, one runs the risk
of detecting multiple autoantibodies, many of which are not involved in the patho-
genesis of autoimmune encephalitis, leading to potential misdiagnosis. This issue of
diminished specificity is compounded by the poorer sensitivity for serum autoanti-
body testing compared to autoantibody testing in the CSF [10, 13]. In light of these
observations, current consensus recommendations include not only autoantibody
testing in the serum but also concurrent testing in the CSF [6].

Intersection of Infection and Autoimmunity

As many as 10-25% of patients who experience an episode of herpes simplex
encephalitis (HSE) will develop a relapse of neurologic symptoms weeks to months
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later in the absence of evidence of ongoing virus production [26]. Until recently the
pathophysiology of these symptoms remained unclear and represented both a diag-
nostic and therapeutic challenge to clinicians. However, evidence has emerged that
a number of these cases represent an autoimmune phenomenon in association with
the development of antibodies to the NMDA receptor, thus representing a post-
infectious autoimmune encephalitis. Indeed, such patients typically develop symp-
toms 4-6 weeks after HSE, have negative testing for herpes virus at the time of
relapse, develop new enhancing or confluent lesions on brain MRI, demonstrate the
presence of anti-NMDAR antibodies in the serum and/or CSF, and improve follow-
ing the administration of immunotherapy [27, 28]. While an infection may lead to
the generation of autoimmunity by a number of differing mechanisms including
molecular mimicry, dysregulation of immune checkpoints, uncovering of cryptic
neural epitopes, and bystander activation [28], the mechanisms by which HSE leads
to the generation of anti-NMDAR antibodies remain to be discovered.

Identification of Autoantibodies

Autoantibody identification in autoimmune encephalitis is a rapidly emerging field
that is typically based upon one or a combination of methodologies, including
immunohistochemistry (IHC) on rodent brain sections, immunocytochemistry
(ICC) of live primary neurons, and cell-based assays (CBA) where nonneural cells
are transfected with an antigen of interest. Each of these methodologies has advan-
tages and disadvantages, and together they can complement each other in the iden-
tification of autoantibodies. With ICC, for example, the tissue is typically from an
adult animal and thus expresses mature (and likely relevant) antigens, various brain
regions can be utilized, both cell surface and intracellular staining can be appreci-
ated, and there is tremendous experience in interpretation of specific staining pat-
terns [29]. Disadvantages are that the tissue is typically fixed in paraformaldehyde
which even when done briefly may result in alteration of antigens and that cross-
species differences between proteins may result in false negatives in some cases.
ICC typically involves addition of serum or CSF to live primary rat hippocampal
neurons such that the autoantibody only has access to the extracellular compart-
ment, an advantage being specific detection of binding to extracellular epitopes.
Disadvantages include the possibility that cultured hippocampal neurons may not
express the range of antigens expressed in mature tissue, and that antigens expressed
by other neuronal subtypes may not be found in hippocampal neurons, thus contrib-
uting to false negatives. Most CBAs utilize transfection of the antigen of interest
into human embryonic kidney (HEK) cells, followed by either fixed or live staining
utilizing either ICC or flow cytometry. Such methodologies theoretically allow for
the precise detection of single autoantigens that serve as a target for patient autoan-
tibodies [30, 31] and have been reported to have high sensitivity and specificity [30,
32, 33]. However, confounding factors include the potential need to express addi-
tional proteins to aid in targeting or localization of the antigen of interest to the cell
surface, the potential for excitotoxicity in the setting of overexpression of ion
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channels, and subjectivity with scoring of ICC. Moreover, the need for a priori
knowledge of the antigen of interest limits the potential for discovery of new auto-
antigens by CBA [29].

Treatment

Treatment of patients with autoimmune encephalitis entails a three-part approach
that addresses (1) the autoimmune syndrome with immunotherapy, (2) an underly-
ing malignancy if detected, and (3) treatment of associated sequelae of the syn-
drome. As autoimmune encephalitis is rare, our understanding of disease
mechanisms, expert opinion, case series, and a few prospective trials guides treat-
ment selection. Important factors in treatment consideration are the autoantibody
detected, patient comorbidities and sensitivities, and the phase of illness (Table 12.4).

In the acute setting, autoimmune encephalitides associated with autoantibodies
directed at cell membrane proteins tend to respond well to antibody-directed thera-
pies such as intravenous immunoglobulin and plasmapheresis. These treatments
often follow or accompany courses of intravenous corticosteroids such as intrave-
nous methylprednisolone. Second-line therapies used in the acute phase include
rituximab and cyclophosphamide. Mycophenolate and azathioprine are typically
used in the maintenance phase, as are rituximab, cyclophosphamide, corticoste-
roids, and intravenous immunoglobulin [34-36].

Table 12.4 Common therapies for autoimmune encephalitis. Modified from [65]

Therapies Side effects

First line

Intravenous Insomnia, psychiatric symptoms, hyperglycemia, electrolyte
methylprednisolone abnormalities, fluid retention, hypertension, peptic ulcer, Cushing

syndrome, cataracts, infection, osteoporosis, avascular necrosis,
Addisonian crisis in setting of rapid withdrawal

Intravenous Headache, aseptic meningitis, thromboembolic events, acute renal

immunoglobulin® failure, anaphylaxis in those IgA deficient

Plasmapheresis Hypotension, electrolyte imbalance. With central line, infection,
hemorrhage, thrombosis, pneumothorax

Second line

Rituximab?® Allergic reaction, opportunistic infection, reactivation of tuberculosis
or hepatitis B

Cyclophosphamide® Nausea, vomiting, alopecia, mucositis, hemorrhagic cystitis, infertility,
myelosuppression

Maintenance

Mycophenolate Diarrhea, nausea, vomiting, hypertension, peripheral edema,

mofetil infections, myelosuppression, lymphoma, and other malignancies

Azathioprine Diarrhea, nausea, vomiting, hypersensitivity reaction, alopecia,

cytopenia, hepatotoxicity, lymphoma, infection

3Can be used in both acute and maintenance phases of treatment
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In the case of autoimmune encephalitides associated with autoantibodies directed
against intracellular antigens, immunomodulatory therapies such as plasmapheresis
do not seem to be of benefit [9, 37]. Therapies directed at reducing the cell-mediated
immune response, such as the cytotoxic agent cyclophosphamide and lymphocyte-
specific medications such as mycophenolate, play an important role in mitigating
the cytotoxic response and with hopes of minimizing the extent of consequent neu-
ronal injury. The detection and treatment of an underlying cancer can have a dra-
matic clinical impact and play an important role in treatment. For instance, resection
of detected ovarian teratomas has been considered as first-line treatment along with
intravenous steroids, intravenous methylprednisolone, and plasmapheresis exchange
in anti-NMDAR encephalitis [10]. Similarly, the chemotherapeutic medications
used in the treatment of cancer have effects not only on the antigenic source, the
cancer, but also immunosuppressive effects which can impact the immune response
underlying the autoimmune encephalitis.

There are no guidelines of when is it appropriate to escalate from first- to second-
line treatments, with administration of second-line agents typically utilized for cases
of non-response or incomplete response to first-line therapies or for severe presenta-
tions of disease. In the largest series of anti-NMDAR encephalitis, the relapse rate
for those treated with first-line therapy alone was 12%, while 10% of those treated
with second-line therapy relapsed within the same time period [10]. There is mount-
ing evidence for the use of rituximab as second-line immunotherapy in autoimmune
encephalitis, regardless of antibody status, given reported tolerability and improved
outcomes after first-line treatment [11, 38]. In addition, there is consideration for its
use as a first-line agent, though prospective studies of this approach are lacking [6].
An additional therapeutic challenge revolves around duration of treatment. As with
the decision to escalate treatments in autoimmune encephalitis, there are no guide-
lines as to how long to maintain such treatments. Goals of long-term immune treat-
ment include cessation of neuroinflammation and attendant neurodegeneration, as
well as limiting the risk of autoimmune relapse. While in many cases the ongoing
neuroinflammation may subside over months, relapses can occur many years after
the initial event [39]. A practical approach for patients with moderate to severe auto-
immune encephalitis is to continue immunotherapy for 18-24 months with ongoing
clinical and radiographic assessment of disease activity. Upon reaching a period of
clinical stability, immune treatments can be gradually weaned with careful and fre-
quent reassessment to determine whether treatment needs to be reinstituted.

Emerging Therapies

In patients who do not respond adequately to rituximab, tocilizumab, a monoclonal
antibody against the interleukin-6 (IL-6) receptor, may hold promise. IL-6 is an
important pro-inflammatory cytokine that has broad effects on multiple immune
cells, and a number of recent efforts have focused on targeting the cytokine or its
receptor to modulate inflammatory disease [40]. In a retrospective institutional
cohort study of patients with autoimmune encephalitis initially treated with
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rituximab, tocilizumab resulted in better long-term outcomes compared to those
given further rituximab or no subsequent treatment [41]. More recently, bortezomib,
a proteasome inhibitor, was employed in patients with anti-NMDAR encephalitis,
with the rationale that this drug can deplete plasma cells and potentially decrease
levels of pathogenic autoantibodies. Four of five patients with treatment-refractory
anti-NMDAR encephalitis treated with bortezomib were reported to show clinical
improvement or disease remission and a corresponding fall in CSF antibody levels
[42]. Another pro-inflammatory cytokine, interleukin-1 (IL-1), has also received
recent attention as a potential therapeutic target, since levels of its antagonist are
elevated in patients with a good outcome following encephalitis of infectious or
autoimmune cause [43]. Indeed, a recent case report described the recovery of a
patient with a chronic autoimmune meningoencephalitis following treatment with
anakinra, an IL-1 receptor antagonist [44]. Notably, despite the growing number of
potential therapeutic options, at the moment there is not enough evidence to inform
arationale treatment algorithm for those with autoimmune encephalitis refractory to
conventional second-line agents.

Major Gaps

Despite the many advances described above, substantial gaps remain in our knowl-
edge of diagnosis, treatment, and outcomes of autoimmune encephalitis. Here we
discuss three such gaps: (1) arriving at an etiologic diagnosis for patients, (2) devel-
opment of therapies based upon personalized medicine, and (3) achieving a more
refined understanding of the sequelae of autoimmune encephalitis.

An Etiologic Diagnosis

Despite extensive testing for infectious and autoimmune conditions, up to 40% of
all cases of acute encephalitis remain without an etiologic diagnosis [45, 46]. It is
likely that some of these cases are accounted for by autoimmune conditions. Indeed,
novel autoantibodies are being identified at a rapid clip via the methodologies men-
tioned above coupled with mass spectrometric identification of autoantigens [29].
However, screening techniques based upon rodent tissue may miss some human
autoantigens, and thus the development of human protein-, cell-, or tissue-based
platforms to identify novel autoantibodies is of importance. Protein display tech-
nologies such as phage immunoprecipitation sequencing (PhIP-Seq) can be utilized
to identify binding between autoantibodies and large libraries of overlapping pep-
tides that span most, if not all, of the human peptidome and have already been uti-
lized to identify novel paraneoplastic autoantigens [47]. More recently, an in vitro
translation platform termed parallel analysis of translated ORFs (PLATO) has been
developed that enables translated proteins to remain bound to their mRNA. Thus,
when autoantibody-antigen complexes are identified, the still attached mRNA
allows for ready identification of the antigen of interest [48]. Notably, the approaches
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detailed above focus only on identification of autoantibodies, and it is becoming
increasingly likely that additional novel autoantibodies will account for small pro-
portions of disease. Disorders of cell-mediated immunity, which are not as readily
identified as autoantibody-mediated disease, will likely account for a substantial
proportion of undiagnosed autoimmune encephalitis cases. A combination of
approaches, including careful clinical and immunophenotyping as well as immuno-
genetics, will be needed to elucidate these causes.

Toward Personalized Therapy

Current therapeutic paradigms for autoimmune encephalitis utilize broad strokes to
impact the immune system and in so doing place patients at particular risk for oppor-
tunistic infections, malignancy, and systemic complications. Thus, a major challenge
is to develop a more personalized approach to therapy based upon the specific patho-
genic mechanism driving the disease process in each patient. There has been much
interest in developing antigen-specific approaches that induce immune tolerance by
targeting antigen-presenting cells (APCs) or T cells. For example, when an autoanti-
gen is presented by an APC in the presence of low levels of co-stimulatory molecules
and without additional activating stimuli, the T cell can be driven toward an anergic
state that may at least transiently halt the autoimmune process. Engagement of addi-
tional negative signals between APCs and T cells can lead to death of T cells via clonal
deletion or apoptosis, potentially resulting in longer-lived antigen-specific effects
[49-51]. Current efforts are focused on cytokine-, cell-, and particle-based approaches
as well as alternate antigen delivery methods (i.e., oral) that can cause specific repro-
gramming of lymphocytes either directly or through effects on APCs [49]. T cells can
also be engineered to specifically detect and kill cells expressing a particular cell sur-
face receptor [52, 53]. This technology, termed chimeric antigen receptor T cells
(CAR-T), has been recently applied to a model of the autoimmune disease pemphigus
vulgaris in which autoreactive antibodies target the protein desmoglien-3 (DSG3).
CAR-T cells were found to selectively kill DSG3-reactive B cells, decrease autoreac-
tive antibody titers, and prevent disease in this disorder of systemic autoimmunity
[54]. It will be of interest to determine whether such approaches readily translate to
disorders of CNS autoimmunity. Recent work on neuromyelitis optica (NMO), an
autoimmune demyelinating disorder of the CNS, may also provide direction on novel
specific therapies for autoimmune encephalitis. NMO is caused by binding of patho-
genic autoantibodies to the aquaporin-4 (AQP4) water channel on astrocytes, resulting
in complement-dependent cytotoxicity and antibody-dependent cell-mediated cyto-
toxicity. Mutation of the antibody to remove the pathogenic effector functions while
maintaining tight binding to AQP4 resulted in a nonpathogenic antibody that com-
peted with pathogenic antibodies for AQP4 binding, resulting in amelioration of lesion
formation in a mouse model of disease [55]. Such approaches may be applicable to
autoimmune encephalitis. Notably, methodologies that enable the identification and
cloning of patient-specific autoantibodies in autoimmune encephalitis may facilitate
the development of blocking antibodies as specific therapies [56].
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Sequelae of Autoimmune Encephalitis

Following an episode of autoimmune encephalitis, patients experience a variety of
neurocognitive sequelae and are at risk for seizures; however our understanding of
the true impact of these is limited to case series and retrospective studies [57]. Not
only are seizures a common initial presentation of autoimmune encephalitis, but
many patients develop postencephalitis epilepsy [58, 59]. Antiepileptics are there-
fore commonly used both acutely and in the maintenance phase after the initial
episode of encephalitis has resolved. In a subset of patients, antiepileptic medica-
tions alone were effective in controlling seizures [59], with consideration for anti-
epileptic selection based on patient-specific factors. Additionally, patients can
experience long-term cognitive effects as a consequence of structural damage to
underlying systems [60]. As such, patients may benefit from comprehensive reha-
bilitation services, with therapies tailored to specific patient deficits. Patients may
also experience psychiatric sequelae such as psychosis and catatonia, both acutely
as a part of the autoimmune encephalitis syndrome and chronically, necessitating
psychiatric management. One point of caution is the use of antipsychotic medica-
tions in patients with anti-NMDAR encephalitis given observation of intolerance to
these medications characterized by high temperature, mutism, coma, muscle rigid-
ity, and rhabdomyolysis [61]. Finally, some of the treatments used may themselves
have neurobehavioral side effects, such as steroid-induced encephalopathy or anti-
epileptic effects on concentration, memory, and mood [62, 63]. Future prospective
studies of the long-term outcomes in patients with autoimmune encephalitis as well
as sequelae of encephalitis and adverse effects of treatment are needed to help guide
our care of patients as they recover as well as in counseling of patients and families
regarding diagnosis, prognosis, and treatment selection.
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