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Autoantibody encephalitis causes distinct clinical syndromes involving alterations in menta-
tion, abnormal movements, seizures, psychiatric symptoms, sleep disruption, spasms, and 
neuromyotonia. The diagnoses can be confirmed by specific antibody tests, although some 
antibodies may be better detected in spinal fluid and others in serum. Each disorder conveys 
a risk of certain tumors which may inform diagnosis and be important for treatment. Auto-
antibodies to receptors and other neuronal membrane proteins are generally thought to be 
pathogenic and result in loss of function of the targets, so understanding the pharmacology 
of the receptors may inform our understanding of the syndromes. Patients may be profound-
ly ill but the syndromes usually respond to immune therapy, although there are differences in 
the types of immune therapy that are thought to be most effective for the various disorders.
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anti-NMDAR encephalitis.

Autoantibody Encephalitis: Presentation, Diagnosis, 
and Management

INTRODUCTION

Autoimmune encephalitis is a challenging diagnosis because patients may present with psy-
chiatric symptoms, cognitive impairment, movement disorders, seizures, and diverse other 
manifestations. The differential diagnosis for these patients is accordingly complex, includ-
ing intoxication, infections, primary psychiatric illness, and other processes. The discovery 
of specific antibodies to central nervous system (CNS) membrane proteins has revolution-
ized our understanding of autoimmune encephalitis and our ability to make precise diag-
noses. These antibodies target important brain proteins, including neurotransmitter recep-
tors, ion channels, and associated membrane proteins. The proliferation of new autoantibodies 
can be overwhelming to non-specialists. However, the great majority of patients have a few 
distinct syndromes that physicians can learn to recognize and treat. A broad testing approach 
using panels of antibody tests can assist with the diagnosis of other patients, but these pan-
els can create false positive results. 

When confronting a case of suspected autoimmune encephalitis, it is important to un-
derstand the basic principles underlying these diseases, and to recognize the main clinical 
syndromes. After a diagnosis is confirmed, more specific prognostic and treatment infor-
mation can be reviewed for the specific disease. 

SECTION 1. GENERAL PRINCIPLES

Specificity to subunits and dominant epitopes
Pathogenic CNS neuronal autoantibodies are specific for their antigens. In the case of pro-
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teins targeting inotropic receptors, there is generally a strong 
preference for specific subunits of the receptor. For examples, 
N-methyl D-aspartate receptor (NMDAR) autoantibodies 
target the GluN1 subunit, causing internalization of those 
receptors, but other types of NMDARs that lack this subunit 
would not be affected.1 Similarly, gamma aminobutyric acid 
A (GABA-A) receptors and glycine receptors have a tremen-
dous diversity of possible subunits and the known CNS auto-
antibody disorders target only those with specific subunits. 
The names of these disorders should therefore be regarded as 
a shorthand and simplification. Leucine-rich glioma-inacti-
vated 1 (LGI1) is a single protein, but the autoantibodies have 
strong preference for that protein over the closely related pro-
teins LGI2, LGI3, and LGI4. Similarly, contactin-associated 
protein-like 2 (Caspr2) antibodies have negligible reactivity 
to its closest homolog, Caspr. 

The autoantibodies appear to target certain dominant epi-
topes on the relevant targets that are consistent across patients. 
For example, NMDAR antibodies target a specific part of N-
terminal of the GluN1 subunit.1 This same principle applies 
to alpha-amino-3-hydroxy-5-methyl-4-isoxazole propionic 
acid receptor (AMPAR)  antibodies,2 Caspr2 antibodies,3 gly-
cine receptor antibodies,4 etc. This type of specificity is impor-
tant to the pathogenicity of acetylcholine receptor antibodies 
associated with myasthenia gravis, which affect the peripheral 
nervous system (PNS).5 Pathogenic neuronal autoantibodies 
therefore consistently target similar parts of specific subunits 
of the relevant antigens. 

Cell surface and intracellular epitopes
A distinction is often made between antibodies targeting cell 
surface proteins in or on the neuronal cell membrane and those 
targeting intracellular epitopes. Autoantibodies targeting syn-
aptic proteins such as the NMDAR target domains exposed 
to the cytoplasm (cell surface epitopes). The antibodies can 
therefore bind to living neurons and plausibly exert physio-
logical effects on antigen numbers, localization and/or func-
tion. The antigens in this category can be further subdivided 
into ionotropic receptors (NMDAR, AMPAR, GABA-A re-
ceptor, glycine receptor, kainate receptor), ion channels (di-
peptidyl-peptidase-like protein-6 [DPPX], voltage-gated cal-
cium channels [VGCCs]), metabotropic receptors (gamma 
aminobutyric acid B [GABA-B] receptor, metabotropic glu-
tamate receptor 1 [mGluR1], mGluR5), and cell-adhesion or 
synaptic organizing proteins (Caspr2, LGI1). The true func-
tions of some antigens (delta/notch-like EGF-related recep-
tor [DNER]) are not clear.6 These diseases are thought to be 
mediated, at least in part, by direct effects of the antibodies. 
The symptoms often are similar to the types of symptoms one 
would expect with a loss of function of the target antigen. For 

example, anti-NMDAR encephalitis has some resemblance 
to the symptoms caused by the NMDAR antagonist phen-
cyclidine.7 And glycine receptor antibodies associate with a 
phenotype that resembles strychnine toxicity.8,9 These diseas-
es tend to respond to immune therapies and prognosis is rel-
atively favorable.   

The classic paraneoplastic or onconeuronal autoantibod-
ies target intracellular neuronal epitopes are not thought to 
be directly pathogenic. These antibodies target diverse pro-
teins that do not predict the associated neurologic symptoms. 
Hu (ANNA1) antibodies, for example, target a family of RNA 
binding proteins, particularly HuD.10 The antigen is expressed 
in neurons, and specifically in neurons that are affected the 
the anti-Hu immune response, but the functions of these pro-
teins do not predict the neurologic syndromes associated with 
anti-Hu.11 Autoantibodies to intracellular epitopes are not 
thought to bind their targets in living neurons and are not 
thought to cause disease. In the case of Hu antibodies, pas-
sive transfer experiments and animal immunization models 
do not result in disease.12 Pathology studies have shown T cell-
mediated cytotoxicity, which is thought to be the dominant 
pathogenic mechanism.13 The paraneoplastic intracellular au-
toantibodies are therefore best considered as markers of dis-
ease rather than pathogenic. There is, however, some evidence 
that Hu and Yo antibodies can enter neurons and exert some 
effects, but the true relevance of these findings to disease patho-
genesis is unclear.14 The intracellular antibodies, particularly 
Hu, may exist in lower titers in patients with cancer who do 
not have the associated neurologic syndromes. 

The differences between cell-surface and onconeuronal an-
tibodies have several important consequences. First, there is 
more variability in the clinical syndromes associated with some 
intracellular autoantibodies compared to cell-surface antibod-
ies. For example, anti-Hu may be associated with a wide range 
of phenotypes including sensory neuronopathy, encephalo-
myelitis, and cerebellar degeneration.15 This contrasts with the 
much more specific phenotypes of NMDAR or LGI1 antibod-
ies (see below). With other intracellular antibodies, such as 
Yo, the phenotypes are more consistent. Second, the outcomes 
tend to be worse with intracellular compared to cell-surface 
antibodies, possibly due to irreversible T cell-mediated neu-
ronal loss. Third, treatments to reduce antibody production 
or activity may be better supported for cell-surface antibody 
diseases. 

In the context of autoimmune encephalitis, cell-surface an-
tibodies are much more common than informative intracel-
lular antibody responses. 
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Mechanisms of CNS synaptic and cell membrane 
antibodies
Cell surface synaptic antibodies are thought, based upon vari-
able levels of evidence, to be pathogenic, but the mechanisms 
may be different for each class of antigen. NMDAR antibod-
ies have received the most study and are thought to act by 
cross-linking and internalizing synaptic NMDARs, resulting 
in loss of function.16 This effect of the antibodies has been 
studied in cell-culture models and also occurs in a passive 
transfer animal model.17 The passive transfer animal model 
has also been used to show that Ephrin B2 can inhibit this 
internalization, suggesting a novel therapy could be devel-
oped to ameliorate symptoms of the disease by preventing 
loss of NMDAR function.18 AMPAR antibodies and kainate 
receptor antibodies act similarly to NMDAR antibodies on 
cultured neurons, cross-linking and internalizing the target 
receptors.19,20 Similar mechanisms are possible with glycine 
receptor and GABA-A receptor antibodies, which also target 
inotropic receptors. 

LGI1 represents a different type of antigen since it binds to 
other synaptic proteins (ADAM22 and ADAM23) to orga-
nize AMPA receptors and Kv1 type voltage-gated potassium 
channels. LGI1 antibodies disrupt the interactions of LGI1 
with ADAM22 to reduce synaptic AMPA receptors.21 Since 
anti-LGI1 encephalitis is clinically distinct from anti-AMPAR 
encephalitis, other mechanisms (such as effects on potassium 
channels) are also likely to occur. Caspr2 is a cell-adhesion 
molecule expressed in both the CNS and PNS, so it is unusual 
among the antigens associated with autoantibody encephali-
tis. However, antibodies to other cell-adhesion molecules as-
sociate with autoimmune neuropathies and myasthenia gravis 
(see below). Caspr2 antibodies are thought to act by blocking 
its interactions with other cell adhesion molecules.3 

The relevance of IgG4 responses
The immunoglobulin genes undergo somatic DNA rearrange-
ment during B cell development to generate diverse antibody 
proteins. After initial generation of a specific antibody, expo-
sure to antigen can resume in expansion of the B cell clone 
with further somatic hypermutations. A competitive process 
among these B cells can result in increasing affinity over time. 
B cells may initially generate IgM type antibodies and then 
IgG type antibodies may be produced later. There are 4 spe-
cific subtypes of IgG in humans that may be expressed as B 
cells are influenced by cytokines and stimulation. 

IgG4 is the least common subtype of IgG in human sera, 
comprising about 5% of total IgG (although this varies greatly 
among individuals) and has unique properties.22 IgG4 is not 
able to bind complement proteins, so probably acts by other 
mechanisms in both healthy immunity and in the autoimmune 

context. IgG4 emerges last in the subtype maturation of B cells 
and IgG4 responses may have extremity high affinity for their 
antigens, having undergone rounds of somatic mutation and 
selective competition. IgG4s also undergo a unique process 
of exchanging Fab arms with other IgG4s. In this process each 
IgG4 antibody may changes half of itself with another IgG4, 
leading to IgG4s that are functionally monovalent, having two 
completely different binding arms. The cross-linking of target 
antigens that occurs in anti-NMDAR encephalitis may there-
fore not be possible for IgG4 type responses such as those tar-
geting LGI1.

Most of the autoantibodies relevant to anti-NMDAR en-
cephalitis are IgG1 and IgG3. And non-IgG4 responses are 
most common in autoimmunity to the receptor antigens in 
general. However, IgG4 responses predominate in anti-LGI1 
encephalitis, where higher cerebrospinal fluid (CSF) IgG4 lev-
els correlate with worse disease, and anti-Caspr2 encephali-
tis.3,23 IgG4 responses also are prominent in autoimmunity to 
Neurofascins and the caspr/contactin complex in the context 
of autoimmune neuropathy and to MUSK in myasthenia gra-
vis.24 DPPX responses involve a mixture of IgG1 and IgG4 so 
it is unclear how much each type of response contributes to 
the disease.25 It is interesting that most of the antigens for IgG4 
responses are cell adhesion molecules (Caspr2, neurofascins, 
caspr/contactin) or proteins that bind to cell adhesion mole-
cules (LGI1). Neurexin-3α, however, is a synaptic cell adhe-
sion molecule but the antibodies are predominantly IgG1.26 
In general, IVIG is thought to be less effective against IgG4 
responses while rituximab may be effective.27

While autoantibodies to NMDAR, AMPAR and most other 
ion channel antigens are an appropriate subtype to fix com-
plement, pathologic studies do not show significant comple-
ment deposition or complement-mediated cytotoxicity, per-
haps due to low levels of complement in CSF.28 This difference 
in ability to fix complement may therefore be more important 
in the context of myasthenia gravis and autoimmune neurop-
athies than for autoimmune encephalitis. It should be noted 
that complement fixation is important in the context of aqua-
porin-4 (AQP4) antibodies in neuromyelitis optica (NMO), 
which target a CNS antigen just inside the blood-brain bar-
rier, and treatments that inhibit the complement cascade is 
effective against that disorder.29 

While the pathogenic mechanisms of IgG4 to cell adhesion 
molecules has received less attention than the mechanism of 
autoantibodies to ion channels, there are some important dif-
ferences. IgG4 probably do not cause antibody-mediated cross-
linking and internalization because they are functionally mon-
ovalent. IgG4 may rather interfere with cell-cell interactions 
mediated by their targets. 
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CSF production and CSF testing
The selection of appropriate samples for testing and the op-
timal tests to use is complex. NMDAR antibodies are most 
sensitively detected in CSF, which is considered the gold stan-
dard.7 Serum testing is somewhat less sensitive and there may 
be rare false positives. GABA-B receptor antibodies are de-
tected more readily in CSF than serum.30 LGI1 antibodies, in 
contrast, may more readily be detected in serum, and patients 
with serum-only responses seem to have a similar disease to 
patients with both CSF and serum antibodies.31 Some com-
monly used commercial assays may have decreased sensitiv-
ity for AMPAR, GABA-B receptor, and LGI1 antibodies com-
pared to research laboratory cell-based assays.32,33 A simple 
strategy is to test both CSF and serum in patients with sus-
pected autoimmune encephalitis. When selecting test panels 
it is important to use those which contain the most relevant 
tests, and recognize that most panels are not truly comprehen-
sive. Indeed, the very definition of comprehensive testing is 
frequently revised as new antigens are discovered. However, 
these new antigens tend to be much rarer, so it is unlikely that 
a disease as common as anti-NMDAR encephalitis awaits dis-
covery. 

Antibody responses to cell-surface antigens persist for months 
or years. The antibody responses should be continuously de-
tected during active symptoms and reliable negative testing 
in the presence of symptoms should case doubt on the diag-
nosis. Antibody responses also tend to persist for months to 
years after clinical symptoms resolve, so positive antibody tests 
alone should not constitute a basis for immune therapy in the 
absence of symptoms. In patients with symptoms of possible 
relapse, testing again for antibodies (to determine if they per-
sist) may be helpful, but this determination is mostly clinical.

Antibody titers have been studied in anti-NMDAR enceph-
alitis.34,35 In these patients, CSF titers correlate with symptoms, 
being high at diagnosis, lower in remission, and higher again 
with relapse. Serum titers do not correlate with disease sta-
tus. However, this correlation has only been demonstrated 
using repeat assays by the same method in the same labora-
tory. Each patient may only be compared to himself and not 
to others. Comparing values across laboratories may not be 
useful. Further, the correlation is only approximate. As noted 
above, CSF LGI1 antibodies associate with somewhat worse 
symptoms than serum-only responses, but the use of serial 
titers in treating individual patients has not been shown. The 
primary determination of immune therapy and relapses should 
be by clinical symptoms and not titers.  

Cancer associations
Each form of autoimmune encephalitis has profile of cancer 
risk. For example, patients with anti-NMDAR encephalitis 

have about 50% risk of ovarian teratoma, but GABA-B re-
ceptor antibodies convey a 50% risk of small cell lung cancer. 
LGI1 antibodies, in contrast, only rarely associate with cancer. 
When autoimmune encephalitis is suspected, a careful history 
and physical exam could be followed by imaging of the chest, 
abdomen, and pelvis while awaiting antibody test results. Breast 
cancer screening, pap smear, colonoscopy, and other age-ap-
propriate studies should be brought up to date. Finding a spe-
cific cancer can guide antibody testing. Conversely, finding 
a specific antibody defines risk and allows for more focused 
cancer screening. Age and other patient demographics can 
also influence cancer screening. For example, an older male 
smoker with anti-NMDAR encephalitis might require broad-
er cancer screening than a 14-year-old young woman with 
the same diagnosis, where careful testing for ovarian terato-
ma is by far the most useful testing. During follow-up evalu-
ations, its is important to monitor for cancer since some tu-
mors only become apparent later. Focused screening for 
3–4 years after diagnosis is also reasonable, since tumors may 
not be detected at initial presentation despite appropriate test-
ing. In general the clinical symptoms of patients and respons-
es to treatment are remarkably similar between those with 
and without tumors. While it is not realistic to expect non-
specialists to memorize the tumor associations of each anti-
body, it is important to review the literature for these associ-
ations when treating a patient with a given antibody. 

If a cancer is present and chemotherapy is used, this can 
complicate immune therapy. It is important for the treating 
neurologist to communicate clearly with the oncologist in these 
situations. If cytotoxic chemotherapy is needed, this should 
usually be optimized to treat the specific tumor. Treatments 
such as IVIG, plasmapheresis, steroids, or rituximab generally 
do not conflict with cancer treatment, although plasmapher-
esis could remove monoclonal antibody treatments. Immune 
checkpoint inhibitors and other treatments designed to pro-
voke an immune response against the tumor should gener-
ally be avoided in patients with known paraneoplastic disor-
ders, since these could make the autoimmune disorder worse.  

The relative frequency of disorders in adult and 
children
Since 2010, auto antigens associated with encephalitis have 
been discovered at a rate of 1–2 per year. The continuing dis-
covery of new autoantibodies makes it challenging to prop-
erly test patients for all of the known immune mechanism. 
However, it is important to recognize that the antibodies have 
been discovered roughly in order of decreasing prevalence in 
patients. The average age of patients with NMDAR antibod-
ies is about 20 years, and the average age of the other major 
antibodies (LGI1, Caspr2, GABA-B receptor) is closer to 60 
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years. NMDAR antibodies and LGI1 antibodies are signifi-
cantly more common than the others. In children, NMDAR 
antibodies are much more common than all other antibodies 
of this type combined.32 The priority should be to test prop-
erly for the most likely antibodies and seek expanded testing 
in difficult cases when initial testing is negative. 

Guidelines to empiric treatment in the context of 
autoimmune encephalitis and anti-NMDAR 
encephalitis
It is a common problem in clinical practice to treat patients 
with suspected encephalitis prior to having full antibody test-
ing results. Patients may begin treatments with steroids, im-
mune globulin or other treatments when only limited infor-
mation is available. Expert guidelines have been published to 
aid these treatment decisions.36 The criteria for possible au-
toimmune encephalitis are subacute working memory defi-
cits, psychiatric symptoms or altered mental status. Patients 
must also have at least 1 supporting factor: new focal CNS 
deficits, new seizures, CSF pleocytosis, or MRI features of en-
cephalitis. There should also be reasonable exclusion of alter-
native causes. Patients are considered to have definite autoim-
mune encephalitis if they have the appropriate symptoms, 
MRI changes, and at least one other supporting factor (CSF 
pleocytosis, EEG findings of epileptiform or slow wave activ-
ity in the temporal lobes). 

Specific criteria for anti-NMDAR encephalitis have also been 
proposed.37 The diagnosis is considered probable for patients 
with rapid progression of at least 4 the following 6 symptom 
clusters: abnormal behavior, cognitive dysfunction, abnormal 
movements, speech disruption, seizures, altered conscious-
ness, decreased consciousness or hypoventilation. Patients must 
also have CSF pleocytosis or abnormal EEG. Alternative causes 
must be excluded. 

While these criteria may be useful in considering the like-
lihood of autoimmune encephalitis, it is important to recog-
nize that not every patient meeting these criteria will have the 
diseases, and not all patients with the diseases meet the crite-
ria. Having specific antibody test results should cause a revi-
sion in how likely the diseases are considered. Negative test-
ing in CSF for NMDAR antibodies makes the diagnosis of 
anti-NMDAR encephalitis very unlikely even if the diagnos-
tic criteria for “probable anti-NMDAR encephalitis” were met. 
In these cases, other similar disorders, such as anti-AMPAR 
encephalitis, should be considered. 

General guidance on immune therapies
In addition to cancer treatment, patients with autoimmune 
encephalitis are treated with various immune therapies. Ev-
idence to guide treatment of these disorders is limited, and 

there appear to be some differences in how diseases respond 
to therapies. Patients are often initially treatment with steroids 
(solumedrol 1,000 mg daily for 3–5 days, followed by an oral 
steroid taper) and with either IVIG or plasmapheresis while 
awaiting antibody confirmation. A typical treatment with IVIG 
is 2 g/kg divided over 3–5 days. In the case of IgG4 responses 
such as LGI1 or Caspr2, treatment with very slow steroid ta-
pers is used and IVIG may not be useful. In the case of NM-
DAR and other non-IgG4 responses, steroids are tapered off. 

B cell depletion with rituximab is commonly used. This 
medication depletes circulating B cells within hours of the first 
dose, and the timing of subsequent doses is probably not im-
portant. A standard course will deplete CD19-positive/CD20-
positive lymphocytes for 6–12 months. The medication can 
be removed by plasmapheresis, so additional doses may be 
needed if plasmapheresis is performed after rituximab. Since 
B cells are important as antigens presenting cells to T cells, 
rituximab may be useful in both B cell and T cell disorders. 
It is unclear how long this medication should be continued. 
In patients with good response, our center uses only a single 
course. But other centers might repeat therapy every 6 months 
for 1–2 years. 

Cyclophosphamide can be used in monthly pulses (750 mg/
m2) in cases that do not respond to other treatments. Treat-
ment with gonadotropin-releasing hormone agonists can help 
preserve fertility in young female patients.38 Due to its toxic-
ity, the treatment can be stopped once the patient undergoes 
significant improvement. 

It is unclear how to treat anti-NMDAR encephalitis or oth-
er disorders in this group in cases refractory to the above treat-
ments. There are case reports or small case series describing 
bortezomib and tocilizumab treatment, but experience is lim-
ited (discussed below). 

Some centers treat patients with multiple relapses or pro-
longed clinical course with mycophenolate mofetil or azathi-
oprine. Pediatric series have reported that the treatments were 
usually tolerated but the efficacy is unclear.39 

SECTION 2. AUTOANTIBODY 
DISORDERS TARGETING CELL 

SURFACE PROTEINS

The autoantibody disorders targets neuronal membrane pro-
teins are summarized in Table 1.

Anti-NMDAR encephalitis
Anti-NMDAR encephalitis is more common among females 
and the median age is 20 years. Young children and the elderly 
may be affected and some patients are male. The classic pre-
sentation of the disease involves psychosis with hallucinations 
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and delusions. Initial consideration of primary psychiatric ill-
ness is common. Difficulty learning and remembering new 
information is also a common, if less dramatic, sign. Patients 
may present with seizures during any phase of the disease, in-
cluding as the presenting sign, but these seizures usually re-
mit after immune therapy takes effect and the other neuro-
logic symptoms recover.40 Persistent epilepsy is rare. As the 
disease process deepens, patients become less responsive and 
develop abnormal postures, dystonia, and may appear cata-
tonic. In severe cases, patients are comatose and unrespon-
sive to pain or external stimulation. While they are comatose, 
continuous biting, chewing, and other oral movements are 
characteristic. These movements may result in damage to the 
lips, teeth, or tongue. Dystonic posturing of the limbs may 
also occur in this phase of the disease. Patients may show pro-
found instability of heart rate and blood pressure (autonomic 
instability) in the catatonic and comatose phases. Patients each 
progress through the phases of illness to a variable degree; 
some patients may have psychosis and memory loss but re-
spond rapidly to treatment or spontaneously improve. Other 
patients may be comatose and unresponsive for months. As 
patients recover they may pass through the stages of illness 
in reverse order. For example, a patient may wake from coma 
and start responding slightly but still be mute and catatonic. 
As she improves further, the patient may start speaking but 
suffer a return of hallucinations, aggression, and other behav-
ioral symptoms. It is important to note that this progression 
from coma to catatonia to psychosis reflects an overall im-
provement in the illness, not a treatment failure. As these symp-

toms in turn resolve the final stage is a slow increase in aware-
ness and cognition. The ability to remember new information 
is the final step in recovery, often returning gradually over 
many months or years. 

About half of patients with the disorder are children. This 
is in contrast to the other synaptic autoantibody disorders, 
where the median ages are older and pediatric cases are very 
rarer.32 The symptoms in children are similar to those of adults, 
but there are a few notable differences.41,42 Hallucinations and 
delusions are still common but less often the presenting symp-
tom. Children are more likely to present with abnormal move-
ments such as dystonia compared to adults. Seizures are even 
more common in children than adults. Dragging a leg or un-
steady gait, sometimes with leg pain, may occur as an early 
finding that is rarely observed in adults.43 Speech regression 
or mutism may also be an early sign in children. Patients still 
tend to progress through similar phases of illness, with behav-
ioral symptoms in the milder stages, and catatonia or coma 
in the more severe phases. In children there is more potential 
for long term disruption of cognitive development compared 
to adult patients, who are more likely to recover fully.44 Care-
ful attention to the cognitive, developmental, and rehabilita-
tion needs of pediatric patients is needed.  

Approximately half of patients have ovarian teratoma.45 The 
tumors contain neuronal tissues, including NMDARs that 
can be recognized by the autoantibodies, and are plausible 
triggers for the immune response.28 This association was im-
portant to the initial characterization of the disorder when 
cases with antibody reactivity to brain tissue and the charac-

Table 1. CNS cell membrane autoantibodies

Antibody Clinical features Cancer associations
NMDAR Psychosis, memory loss, seizures, dystonia, mutism, catatonia, autonomic instability, coma Ovarian teratoma

LGI1 FBDS, other seizure types, memory impairment, impaired spatial navigation, hyponatremia Tumors are rare (thymoma)

GABA-B-R Encephalitis with severe seizures Lung cancer

AMPAR Encephalitis, psychosis, abnormal movements Lung, breast, thymus

Caspr2 Isaacs’ syndrome
Morvan syndrome
Pain syndromes
Encephalitis
Potential overlap with myasthenia

Thymoma 

mGluR5 Ophelia syndrome Hodgkin lymphoma

DPPX CNS and gastrointestinal hyper excitability, cerebellar symptoms B cell neoplasms

GluK2 Cerebellar ataxia with cerebellar swelling, risk of CSF outflow obstruction Thymoma, small cell lung cancer

Glycine receptor PERM, hyperekplexia, abnormal eye movements Thymoma, lymphoma

SEZ6L2 Cerebellar syndrome with extrapyramidal symptoms Ovarian cancer (risk profile still unclear)

Neurexin-3α Confusion, seizures, decreased awareness Evolving (so far low risk)

AMPAR, alpha-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid receptor; Caspr2, contactin-associated protein-like 2; DPPX, dipeptidyl-pepti-
dase-like protein-6; FBDS, faciobrachial dystonic seizures; GABA-B-R, gamma aminobutyric acid B receptor; GluK2, glutamate kainate receptor sub-
unit 2; LGI1, leucine-rich glioma-inactivated 1; mGluR5, metabotropic glutamate receptor 5; NMDAR, N-methyl D-aspartate receptor; PERM, progres-
sive encephalomyelitis with rigidity and myoclonus; SEZ6L2, seizure-related 6 homology 2.
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teristic clinical syndrome were described prior to the iden-
tification of the specific NMDAR antibody.46 The teratomas 
may not be detected on initial imaging studies, so follow up 
studies over the following three years may be useful. Other 
types of tumors are uncommon, although a small group of 
older patients have lung cancers and cases may have co-ex-
isting Hu immune responses.47,48 Tumors in children are un-
common, although cases with testicular seminoma/teratoma 
and lung cancer have been reported.41 In general, screening 
for tumors is advised on diagnosis. And follow-up studies for 
teratoma are reasonable in patients at risk for that tumor. 

In most patients without ovarian teratoma, the precise trig-
ger of the illness is unknown. Approximately 70% of patients 
have a prodromal illness 1–2 weeks prior to the onset of neu-
rologic symptoms.49 The prodrome may resemble an upper 
respiratory infection or diarrheal illness, and is generally mild 
and resolved before the neurologic symptoms occur. Numer-
ous infections have been reported including EBV, influenza, 
hepatitis, HIV, HHV6, enteroviruses, etc.50 The odds of each 
of these agents triggering anti-NMDAR encephalitis appear 
to be minimal for any given infection. 

Herpes simplex virus (HSV) encephalitis is a special case, 
with a much higher risk of triggering anti-NMDAR enceph-
alitis compared to other infections.51,52 These patients pres-
ent with the typical symptoms of HSV encephalitis, includ-
ing fever, altered sensorium, and seizures. They are HSV PCR 
positive on presentation and do not have NMDAR antibod-
ies at that time. During recovery from the viral infection, usu-
ally 2–3 weeks later, patients have symptoms of anti-NMDAR 
encephalitis. The range of reported latencies is 7 days to 3 
months. Interestingly, this group is particularly prone to have 
negative NMDAR antibody testing in serum (but positive in 
CSF) at diagnosis. These patients may be treated with immune 
therapy and recover from the symptoms of anti-NMDAR en-
cephalitis. However, prognosis may be less favorable, espe-
cially in cases with substantial structural brain injury from the 
viral infection. Patients with such injuries may be more likely 
to have persistent cognitive deficits and persistent seizures 
compared to patients with regular anti-NMDAR encephali-
tis. Interestingly, prior oral or genital herpes virus infections 
(HSV-1) seem to be a low level risk factor for anti-NMDAR 
encephalitis.53 

Specific prognostic factors associate with good or poor out-
comes in patients with anti-NMDAR encephalitis. One sim-
ple predictive tool is the Anti-NMDAR Encephalitis One Year 
Functional Status (NEOS) score.54 The NEOS score can be 
calculated in the first 4 weeks of the course and consists of: 
need for ICU admission (1 point), no improvement within 
4 weeks of treatment (1 point), no treatment within 4 weeks 
of symptom onset (1 point), and abnormal MRI (1 point). In 

this study, patients with low scores (0–1) almost always had 
good functional recovery at 1 year. Patients with higher scores 
often had poor functional status at 1 year. It is important to 
note that even patients who are profoundly impaired at 1 year 
may improve further over time. 

Ancillary testing can provide useful information in evalu-
ating patients with suspected anti-NMDAR encephalitis. MRI 
of the brain is abnormal in about 33% of patients.42 The typical 
finding is increased T2 signal in the medial temporal lobes 
and other nearby brain regions. This pattern is not specific for 
anti-NMDAR encephalitis and could be seen with other types 
of autoimmune disorders and certain infections. As noted 
above, MRI abnormalities associate with a more severe course. 
The extreme delta brush pattern is a characteristic finding of 
anti-NMDAR encephalitis, but only seen in some patients and 
usually only when they are most impaired.55 Lumbar punc-
ture may show CSF pleocytosis, increased protein, oligoclo-
nal bands, and/or elevated IgG index. However, other patients 
have normal studies aside from NMDAR antibodies. In one 
series, EEG was almost always abnormal (96%) during active 
disease, but the most common findings were focal or diffuse 
slowing, which are not specific for anti-NMDAR encephali-
tis.56 But this was only present in a minority (11%) of patients. 
In this series, a normal posterior rhythm was associated with 
a good outcome, although patients without a normal poste-
rior rhythm also usually had good outcomes. PET or SPECT 
scans are frequently abnormal, and may have certain patterns, 
but the reliability of these studies in differentiating anti-NM-
DAR encephalitis from other causes of encephalitis remains 
to be determined.57-59

Anti-NMDAR encephalitis can rarely overlap with CNS 
demyelinating disorders such as the anti-myelin oligodendro-
cyte glycoprotein (MOG) syndrome, optic neuritis, or NMO 
spectrum disorders. In one large study 4.5%–7% of patients 
had co-existing autoantibodies to MOG, AQP4, glial fibril-
lary acidic protein (GFAP), or other CNS synaptic proteins.60 
Patients with MOG or AQP4 generally have prior, simultane-
ous or subsequent demyelinating disorders typically found 
with those antibodies. The implications of GFAP antibodies 
were less clear. Another large study found demyelinating dis-
ease in 3% of patients with anti-NMDAR encephalitis.61 The 
MOG and AQP4 associated syndromes were most common 
in these patients. Compared to other patients with anti-NM-
DAR encephalitis, they required longer immune therapy and 
had somewhat more deficits. Treatments should be selected 
that are effective against both disorders. Patients with co-ex-
isting demyelinating disorders were much less likely to have 
teratoma. 

Several types of symptomatic therapies are used to treat an-
ti-NMDAR encephalitis. Anti-psychotic medications are fre-
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quently used to manage hallucinations, agitation, and aggres-
sion. Agents with strong dopamine antagonist properties, 
such as haloperidol, could worsen the movement disorders 
or catatonic-like symptoms. Anti-psychotic medications with 
weaker dopamine antagonism, such as quetiapine, may be 
tried instead. Benzodiazepines can help with managing agi-
tation. The catatonic-like state seen in many patients proba-
bly has a different biochemical basis that the catatonia asso-
ciated with psychiatric disorders. While some practitioners 
use benzodiazepines to try to improve the catatonia-like 
symptoms, it is unclear how beneficial this is, but benzodiaz-
epines are usually well tolerated. Electroconvulsive therapy 
has also been used to treat these symptoms. Patients have oc-
casionally been treated with NMDAR antagonists (such as 
ketamine) but there is no rational basis for this treatment and 
it could potentially worsen the disease by inhibiting the re-
maining NMDAR function in these patients. 

Autonomic instability is a significant problems in the deep-
est stages of the illness. Tachycardia, fluctuations in blood pres-
sure, and occasionally arrhythmias may occur. Cardiac mon-
itoring is useful. Medications such as clonidine can help with 
blood pressure fluctuations. Glycopyrrolate or theophylline 
has been used for severe bradycardia. In extreme cases, pace-
makers may be needed. Central respiratory failure is a com-
mon feature of the disease in the deeper stages, so patients 
should be monitored carefully. This is particularly important 
for patients with declining levels of awareness as the disease 
is worsening and becomes less of a danger in alert patients 
who are recovering. 

Dystonia and abnormal movements may complicate care 
in several ways. Patients are at risk for limb injuries and dis-
locations from limb dystonia. Rhabdomyolysis may occur, es-
pecially in patients who receive dopamine receptor blockers.62 
Abnormal orofacial movements may cause severe injuries to 
the lips, tongue, teeth, and jaw. In some patients the move-
ments involve lip smacking or writhing of the lips, which is 
relatively harmless. However, the movements may also in-
volve powerful biting movements which can damage endo-
tracheal tubes and other care equipment, crack teeth and cause 
severe injuries. One option is focal use of botulinum toxin in 
the muscles of mastication. This can prevent injuries while 
the underlying disease process is treated. 

Seizures occur in most patients with anti-NMDAR enceph-
alitis. Status epilepticus can be a prominent feature and even 
the presenting feature. Various seizure medications are need-
ed in these patients, although there is no clear evidence of one 
agent being superior in this disorder.63 Levetiracetam may be 
associated with psychotic behavior, although it is frequently 
unclear how much this medication actually causes the symp-
tom in these patients. Treatment of the underlying autoim-

mune problem generally results in remission of the seizures. 
Only a small group have persistent epilepsy after recovery.  

Anti-NMDAR encephalitis generally involves prolonged 
attacks that last weeks to months. Patients may have a single 
event in their lifetime. However, relapses are a clear risk and 
a few patients have had 5 or more attacks spread out over de-
cades. The degree of risk depends upon several factors and is 
strongly influenced by the type of immune therapy used dur-
ing the first attack. Over the 3 years after an initial attack, pa-
tients who are not given immune therapy have about a 40% 
risk, those given IVIG, plasmapheresis, and/or steroids about 
20%, and those given rituximab and/or cyclophosphamide 
about 10%.42 Patients without tumor had a higher risk of re-
lapse. Relapses are in general milder than initial attacks and 
diagnosed more quickly. While the symptoms of anti-NM-
DAR encephalitis are diverse, patients often have relapse symp-
toms remarkably similar to the initial attack.

Patient are generally treated with a steroid pulse (solume-
drol 1,000 mg/day for 3–5 days, followed by 2 week taper) 
and either IVIG (2 g/kg over 5 days) or plasmapheresis (5 
exchanges).7 Rituximab is often started early in the disease 
course in patients with significant deficits (1 g × 2 dose sep-
arated by 2 weeks). Cyclophosphamide is given in monthly 
pulses (750 mg/m2) in patients who remain catatonic or coma-
tose after the other treatments. This treatment can be stopped 
after significant improvement. 

While most patients respond favorably to immune therapy 
within a few months, a subset of patients have more refracto-
ry and prolonged disease. These patients may remain coma-
tose and critically ill for many months. It is unclear what treat-
ments may benefit these refractory cases. Bortezomib has been 
used in case series.64,65 Tocilizumab has similarly been used 
for some refractory cases, and some centers have advocated 
for early use of this treatment as part of their protocol.66 While 
some of these series report improvement, the patients have 
often been treated with multiple medications, which makes 
the precise benefit of each individual treatment hard to assess. 

While Anti-LGI1 encephalitis is strongly associated with 
specific HLA types (see below), there are weaker associations 
for anti-NMDAR encephalitis.67 

Anti-LGI1 encephalitis
Anti-LGI1 encephalitis is the second most common of the 

CNS synaptic autoimmune disorders and affects mostly old-
er adults (the median age is 60 years).68 About 2/3 of patients 
are male. The primary symptoms are seizures and cognitive 
impairment. Compared to anti-NMDAR encephalitis, the 
onset may be more insidious, progressing over months in 
some cases. Diagnosis is often delayed as the cognitive symp-
toms may be misattributed to dementia.  
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The characteristic seizures associated with the disorder are 

faciobrachial dystonic seizures (FBDS).69 FBDS involve rapid 
unilateral movements of the arm, shoulder and face. Each 
event is very brief, lasting a few seconds. In my experience, 
brief extension movements of the hand/arm are most com-
mon and movements extending to the shoulder and face are 
less common. Some patients have a sensory equivalent, re-
porting abnormal sensations extending up the arm to the jaw. 
Patients may progress to having hundreds of FBDS per day. 
Although each individual event is unilateral, patients gener-
ally progress to having events on both sides. FBDS may pre-
cede other symptoms of anti-LGI1 encephalitis. Recognition 
of the diagnosis in these patients and immune therapy prior 
to any cognitive deficits may be associated with a particularly 
good outcome. While FBDS are most common, patients may 
have diverse other seizure types including partial seizures with 
unawareness or generalized convulsions. Seizure medications 
are generally ineffective or only transiently effective for FDBS, 
and have only limited effects on other seizure types. In one 
analysis, seizures were unlikely to be controlled solely by sei-
zure medications (without immune therapy) and carbam-
azepine was associated with better seizure control than le-
vetiracetam.63 Seizures respond rapidly to immune therapy, 
particularly steroids.70,71 It is common for FBDS to be dra-
matically reduced within 1 week of beginning a pulse of in-
travenous steroids, and typical for seizures to be completely 
controlled by immune therapy. Seizure medications may gen-
erally be tapered off after several months in patients respond-
ing to immune therapy. Seizures, like other symptoms, may 
recur if immune therapy is tapered too rapidly. Return of sei-
zures in a patient with anti-LGI1 encephalitis whose seizures 
were previously controlled should be regarded as an indica-
tion of relapse. 

About 60% of patients have hyponatremia, having charac-
teristics similar to syndrome of inappropriate antidiuretic hor-
mone secretion (SIADH), at some point during the illness.68 
This is usually mild and limited to the acute stages of illness, 
but can rarely persist for several months. The hyponatremia 
may occasionally be mistaken as the cause of symptoms rath-
er than just one symptom of the disorder. Correction of the 
hyponatremia usually does not result in improvement of neu-
rologic symptoms. 

Anti-LGI1 encephalitis does not generally have an identi-
fiable cause such as an infection or relevant tumor. While 5%–
10% of patients may be found to have various cancers, most 
commonly thymoma, the great majority do not have relevant 
cancers.72 Anti-LGI1 encephalitis is strongly associated with 
HLA types DR7 (found in 88% of patients compared to 20% 
of controls) and DRB4 (found in 100% of patients and 46.5% 
of controls) in a Dutch population.72 Another study in a South 

Korean population similarly found strong associations with 
HLA types DRB*07:01-DQB1*02:02 (91%), B*44:03 (73%) and 
C*07:06 (64%).73 This study interestingly found no significant 
differences in HLA types of anti-NMDAR encephalitis patients 
and controls. A study from China also linked anti-LGI1 en-
cephalitis with HLA-DRB1*03:01 and HLA-DQB1*02:01, 
and similarly found no associations with anti-NMDAR en-
cephalitis.67 A recent study in a multi-ethnic cohort found 
strong associations with HLA-DRB*07:01 and a lesser asso-
ciation with HLA-DRB1*04:02.74 While these HLA types are 
significant risk factors, only a tiny fraction of individuals with 
these HLA types develop anti-LGI1 encephalitis. A study of 
prognostic features for anti-LGI1 encephalitis found that pa-
tients with CSF antibodies (as opposed to having antibodies 
only detected in serum) had more severe disease.31 Patients 
without HLA-DRB1*07:01 were more likely to be female and 
younger. However, HLA types were not independent predic-
tors of disease severity in this study. 

We do not have randomized controls to guide treatment but 
do have data from retrospective analyses. In one study of 118 
patients with anti-LGI1 encephalitis, steroid treatment was 
significantly more likely to cause remission of FBDS and im-
provement of mRS scores compared to IVIG treatment.71 In 
this study the differences were stark, with IVIG appearing to 
have a much more modest effect. Another smaller series also 
showed a strong effect of steroids on clinical symptoms and 
LGI1 titers.75 Steroid treatment with pulses of IV solumedrol 
often causes a dramatic decrease in FBDS within days. Cog-
nitive symptoms tend to improve more slowly over several 
weeks to many months. Patients may require prolonged ste-
roid therapy with slow tapers over many months. Rapid ta-
pers may lead to relapse of symptoms. 

Rituximab may also be a useful treatment option in patients 
with anti-LGI1 encephalitis.75,76 This option may be particu-
larly useful in patients with severe disease, those who can-
not tolerate the necessary doses of steroids, and those who 
relapse during steroid taper.

Patients typically have substantial improvement in seizures 
and cognitive symptoms. However, in one large series, resid-
ual memory symptoms and mild difficulty with spatial navi-
gation was common two years later.70 Some patients develop 
medial temporal sclerosis. About 35% of patients have re-
lapses. These relapses can take two forms. First, patients may 
have worsening symptoms if immune suppression (particu-
larly steroids) is tapered too rapidly. If recognized early, in-
creasing steroids rapidly control these events. Patients may 
also have relapses even after being in remission for months or 
years off immune therapy. These relapses can be treated simi-
larly to original attacks. 
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Anti-AMPAR encephalitis
AMPAR antibodies are associated with a form of autoim-
mune encephalitis with similarities to anti-NMDAR en-
cephalitis, but also important differences.77,78 Symptoms of 
confusion, memory loss, seizures, and agitation are common. 
Psychiatric symptoms are also typical, particularly psychosis 
with hallucinations and delusions. Hyponatremia is common 
at presentation. Hemiparesis and/or spasticity affects a signif-
icant fraction of patients. Abnormal movements or speech 
disruption may occur. Patients do not tend of the have auto-
nomic instability or characteristic movements seen in coma 
or catatonia to the degree that anti-NMDAR encephalitis pa-
tients do. The average age is much older than anti-NMDAR 
encephalitis, 60 years. Anti-AMPAR encephalitis is much rar-
er than anti-NMDAR encephalitis and is particularly un-
common in children. 

Lumbar puncture may show mild lymphocytic pleocytosis, 
and MRI may show increased T2 signal in the medial tem-
poral lobes and other brain regions. The tumor profile is dif-
ferent than anti-NMDAR encephalitis with most patients have 
a tumor of the lung, breast, thymus, or other tissue, although 
a few have an ovarian teratoma. The response to immune ther-
apy is somewhat worse on average. Patients may have other 
co-existing paraneoplastic antibodies or paraneoplastic syn-
dromes. 

Anti-GluK2 (kainate-receptor) encephalitis
Glutamate kainate receptor subunit 2 (GluK2) has recently 

been identified as an autoantigen.20 Patients with GluK2 IgG1 
antibodies most often have cerebellitis, but may have symp-
toms of confusion, delusions, memory loss, myoclonus, cog-
nitive deficits and/or seizures. Hydrocephalus is surprisingly 
common with this antibody, a finding distinct from the other 
synaptic autoantibodies. GluK2 antibodies appear to be rarer 
than AMPAR antibodies and much rarer than NMDAR an-
tibodies. Cancer associations are still uncertain but one pa-
tient with Hodgkin lymphoma has been reported.

Although the data on antibody effects is limited compared 
to NMDAR antibodies, the antibodies do cause internaliza-
tion of the receptor on cultured neurons, which results in loss 
of signaling at affected synapses. This mechanism therefore 
applies to all three types of glutamate inotropic receptor an-
tibodies. 

GluK2 antibodies may be found at lower levels in a small 
group of patients with anti-AMPAR encephalitis or anti-NM-
DAR encephalitis. 

Anti-glycine receptor syndrome
Glycine receptor antibodies associate with the clinical syn-
drome of Progressive Encephalomyelitis with Rigidity and 

Myoclonus (PERM).9,79 Patients are most often middle-aged 
adults, although pediatric cases occur. PERM patients have 
stiffness of the axial muscles and limbs, exaggerated startle re-
sponses, tremulousness, and alterations in mentation. Dis-
abling muscle spasms and falls are common. Eye movement 
abnormalities such as ptosis and diplopia can be an impor-
tant clue to the diagnosis. Seizures occur in a subset of patients 
and may co-exist with spasms and tremulousness. A subset 
of patients have thymoma, lymphoma or other tumors. An-
tibody responses to GAD65 or other antigens may co-exist 
with glycine receptor antibodies. MRI studies and EMG/NCS 
are most commonly normal. 

The glycine receptor antibody syndrome has some resem-
blance to the stiff-person syndrome associated with GAD65 
antibodies, and some patients may be clinically classified as 
having stiff person syndrome. However, patients with glycine 
antibodies have more rapid progression (although cases with 
insidious onset occur), higher likelihood of eye movement 
abnormalities, more pronounced startle responses, and more 
frequent cognitive impairments. Conversely, the glycine re-
ceptor antibody syndrome patients can have robust responses 
to immune therapy and may show dramatic recoveries, which 
is not typical of GAD65 antibody stiff-person syndrome. Re-
lapses have been reported in some patients. 

Anti-GABA-A receptor encephalitis
Autoantibodies to the GABA-A receptor are associated with a 
characteristic form of encephalitis characterized by particu-
larly severe seizures and distinctive brain lesions on MRI.80 
This disease affects children and adults with a median age 
of 22 years and broad distribution. Patients commonly have 
diverse seizure types and many have epilepsia partialis conti-
nua (continuous focal motor seizures) or other forms of sta-
tus epilepticus. Seizures tend to be refractory to treatment 
until the underlying autoimmune problem is treated. Patients 
may also appear to have stiff-person syndrome or opsoclonus-
myoclonus. Brain lesions are characteristic areas of increased 
T2 signal involving cortical and subcortical areas. These le-
sions tend to appear and fade spontaneously until patients 
are given immune therapy. Large areas of cortical signal ab-
normality may occur with surprisingly few focal deficits. Pa-
tients tend to respond, at least partially, to immune therapy. 
The brain lesions generally resolve after immune therapy is 
effective.  

Anti-Caspr2 syndromes
Caspr2 is an axonal membrane protein that strongly asso-

ciates with Kv1 type potassium channels, organizing these 
channels in specific domains flanking nodes of Ranvier called 
juxtaparanodes.81 Autoantibodies to Caspr2 may bind to both 
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CNS and PNS axons, causing hyperexcitability of peripheral 
nerve axons and/or the CNS.82 Patients with Caspr2 antibod-
ies may present with encephalitis similar to anti-LGI1 enceph-
alitis but without the distinctive dystonic movements. Like 
anti-LGI1 encephalitis, the disease affects patients with a me-
dian age of 60 years and the presentation tends to be somewhat 
mildly and more insidious than anti-NMDAR encephalitis. 
Caspr2 antibody patients may present with Isaacs’ syndrome, a 
form of peripheral nerve hyperexcitability causing cramps, fas-
ciculations, hyperhidrosis, and characteristic neuromyotonic 
discharges on needle electromyography. Patients may have 
both symptom clusters: the combination of neuromyotonia, 
pain, hyperhydrosis, hallucinations, agitated delirium, and 
severe insomnia is called Morvan syndrome or Morvan fi-
brillary chorea.83 In addition to these primary phenotypes, 
patients may alternatively (or in addition) present with pain 
syndromes (sometimes resembling painful peripheral neu-
ropathy) or autonomic manifestations (such as Adie’s pupil).  

A subset of Caspr2 antibody patients (about 10%) have tu-
mors, most typically thymoma. Patients with thymoma, espe-
cially, may have co-existing myasthenia gravis.84 The com-
bination of bulbar weakness (from myasthenia) and diffuse 
fasciculations may result in a presentation that mimics mo-
tor neuron disease (amyotrophic lateral sclerosis). 

There is less data on treatment compared to the LGI1 syn-
drome, but steroids may be effective and rituximab may be 
helpful for difficult cases. Patients may have relapses of the ill-
ness even years after recovery, so ongoing monitoring is useful. 

Anti-DPPX encephalitis 
Autoantibodies to DPPX are associated with a syndrome of 
CNS and gastrointestinal hyperexcitability.25,85 Patients are 
mostly middle-aged men or women. A gastrointestinal pro-
drome with severe diarrhea and weight loss is typical. The CNS 
symptoms occur later and include agitation, confusion, trem-
ors, and myoclonus. Some patients have brainstem of cerebel-
lar symptoms. There may be exaggerated startle responses 
similar to those seen in glycine receptor antibody patients. 
Most patients have significant improvement with immune 
therapy. There is some risk of B cell neoplasms. 

Anti-GABA-B receptor encephalitis with or 
without co-existing KCTD16 antibodies
Autoantibodies to GABA-B receptor associate with limbic en-
cephalitis with severe seizures.86 Patients tend to be middle-
aged to older adults, and half of patients have small cell lung 
cancer (This disorder is the leading cause of autoimmune 
encephalitis in the setting of lung cancer). Some patients, par-
ticularly the ones with lung cancer may have co-existing Hu 
antibodies. The autoimmune disorder responds to immune 

therapy in most cases, but the overall prognosis depends to 
a large degree on oncologic considerations. 

A recent paper has reported that some patients may pres-
ent with rapidly progressive dementia rather than encepha-
litis.87 This same study showed that a majority of patients with 
GABA-B receptor antibodies also have antibodies to KCTD16 
(potassium channel tetramerization domain containing 16), 
which is a protein that associates with GABA-B receptors. 
KCTD16 was nearly universal among patients with lung can-
cer, but also occurred in about 1/3 of patients without tumor. 

Ophelia syndrome with mGluR5 antibodies
Ophelia syndrome was first described by Ian Carr and con-
sists of a dissociative state (disconnected in space and time) 
in the setting of Hodgkin lymphoma.88 Treatment of the lym-
phoma would result in improvement of the neurologic dis-
order. Autoantibodies to mGluR account for at least some of 
these cases, and other patients with a similar form of enceph-
alitis, but without detectable lymphoma, have also been de-
scribed.89 The primary concern in these cases is a careful search 
for the relevant tumor and coordination with the treating on-
cologist for patients with tumor. 

SEZ6L2 (seizure-related 6 homology 2) antibody 
syndrome
Autoantibodies to the brain membrane protein SEZ6L2 have 
been recently reported in a small number of patients with a 
cerebellar syndrome (ataxia, dysarthria) with extrapyramidal 
symptoms (bradykinesia, hypomimia, postural instability).90 
SEZ6L2 antibodies are predominantly IgG4 and do not cause 
internalization of their target antigen on cultured neurons. 

Neurexin-3α autoimmunity
Autoantibodies to neurexin-3α have been reported in a small 
number of patients with confusion, seizures, and decreased 
awareness.26 Patients may have mild orofacial dyskinesias. 
Some patients require respiratory support. The disease can be 
fatal but patients may respond to immune therapy. No tumors 
were reported in the initial small case series. 

Neurexin-3α is a presynaptic cell adhesion molecule and 
the antibodies deplete the target antigen, and decrease the 
number of synapses on neurons. Autoantibodies were most-
ly of the IgG1 subtype. 

SECTION 3. ONCONEURONAL 
ANTIBODIES AS MARKERS 

OF ENCEPHALITIS

The onconeuronal antibody disorders are summarized in Ta-
ble 2. 



384  J Clin Neurol 2022;18(4):373-390

Autoantibody EncephalitisJCN
Anti-Hu (ANNA-1) syndromes
Anti-Hu are most strongly associated with sensory neuronop-
athy, which causes disabling sensory ataxia due to loss of pri-
mary somatosensory neurons.15,91 Patients may also (or alterna-
tively) have cerebellar ataxia, encephalitis, or encephalomyelitis. 
Other phenotypes include enteric neuropathy, which involves 
destruction of the enteric nervous system with severe gastro-
intestinal dysmotility. Hu antibodies are much more common 
than the associated paraneoplastic disorders among patients 
with lung cancer, particularly at lower titer, so the presence 
of the antibodies by itself is not definitive of the diagnosis in 
the absence of appropriate symptoms and findings.92 The as-
sociation with small cell tumors, especially small cell lung can-
cer is strong. 

Since Hu antibodies target a group of intracellular antigens, 
they are not believed to be pathogenic and passive transfer ex-
periments did not produce symptoms in animals.

Anti-Ri (ANNA-2) syndromes
Anti-Ri is associated with a brainstem syndrome (sometimes 
including paraneoplastic opsoclonus-myoclonus ataxia), cere-
bellar syndrome, myelopathy, neuropathy or other syndromes.93 
This antibody is strongly associated with tumors of the breast, 
lung or other organs. 

Anti-Ma and anti-Ma2 syndromes
Ma2 antibodies, in isolation, are most commonly found in 

men with testicular tumors.94,95 An encephalitis with prom-
inent brainstem involvement and eye movement abnormali-
ties is most typical. 

When Ma and Ma2 antibodies are both present, the patients 
are more likely to be female and have other tumors. These pa-
tients more often show ataxia as part of their phenotype. 

SECTION4. CEREBELLAR SYNDROMES

The autoantibodies most relevant to autoimmune cerebellar 
syndromes are summarized in Table 3. Autoimmune cereb-
ellitis, also known as paraneoplastic cerebellar degeneration, 
is a difficult diagnosis due to the diversity of rare causes. The 
likelihood of an autoimmune or paraneoplastic cause is rel-
atively high for this presentation (a cerebellar disorder pro-
gressive over weeks to months without any obvious cause on 
brain imaging) compared to other phenotypes (such as new 
onset epilepsy or progressive memory loss).

The symptoms can be divided into 4 categories. 1) Ocular 
ataxia, nystagmus and misalignment. This symptom usually 
causes nausea and vertigo, which can be very disabling. Sac-
cades may be hypermetric or hypometric. There may be oc-
ular misalignment. 2) Limb ataxia with mis-reaching, inco-
ordination, and tremors. Patients may also have head tremor, 
which can be debilitating. 3) Dysarthria. Speech is often harsh, 
strained, and difficult to understand. The staccato dysarthria 
seen with other types of cerebellar injuries is less common. 

Table 2. Onconeuronal autoantibodies

Antibody Clinical features Cancer associations
Hu (ANNA1) Sensory neuronopathy, encephalomyelitis, cerebellar syndromes, enteric  

  neuropathy
Lung cancer (high risk) and other small cell tumors

Ri (ANNA2) Brainstem syndrome, opsoclonus-myoclonus ataxia, cerebellar syndrome,  
  myelopathy, neuropathy

Lung, breast, and other cancer

Ma2 Brainstem syndrome, encephalitis Testicular cancer, other tumors

Table 3. Antibodies associated with autoimmune cerebellar syndromes

Antibody Clinical features Cancer associations
DNER Cerebellar ataxia Hodgkin lymphoma

Yo (PCA-1) Cerebellar ataxia Breast, ovarian, other female-specific tumors (high risk)

GAD65 Cerebellar ataxia, stiff person syndrome, type 1 diabetes, encephalitis,  
  refractory epilepsy

Rare

mGluR1 Cerebellar ataxia Lymphoma

Gluten ataxia Cerebellar ataxia, possible overlap with celiac disease Low risk

VGCC Cerebellar ataxia, overlap with Lambert-Eaton syndrome Lung cancer

GluK2 Cerebellar ataxia with cerebellar swelling, risk of CSF outflow obstruction Thymoma, small cell lung cancer

SEZ6L2 Cerebellar syndrome with extrapyramidal symptoms Ovarian cancer (risk profile still unclear)

KLHL11 Cerebellar and brainstem syndrome Strong association with testicular seminoma

CSF, cerebrospinal fluid; DNER, delta/notch-like EGF-related receptor; GluK2, glutamate kainate receptor subunit 2; Kelch-like protein 11 (KLHL11); 
mGluR1, metabotropic glutamate receptor 1; SEZ6L2, seizure-related 6 homology 2; VGCC, voltage-gated calcium channels. 
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4) Gait ataxia with unsteadiness and difficulty timing and co-
ordinating walking movements. This symptom can be dispro-
portionately severe compared to limb ataxia tested in the seat-
ing position. The relative severity of each symptom cluster 
varies from patient to patient even when the same autoim-
mune cause is present. 

Patients tend to have progression of disability and response 
to immune therapy is often poor regardless of whether the as-
sociated antibody targets a cell-surface antigen or intracellu-
lar target. The goal is often to stabilize symptoms rather than 
to achieve the large improvements seen with autoimmune 
limbic encephalitis. 

While there are diverse autoantibodies associated with cere-
bellar degeneration, the most common include anti-Yo (PCA-1) 
and anti-GAD65. However, there are a large and increasing 
number of other antigens associated with cerebellar ataxia, 
leading one group to use the apt term “Medusa head ataxia” 
to reflect the diverse immune mechanisms and other report-
ed antibodies.96-98 

Yo antibodies are very strongly associated with female-spe-
cific tumors, particularly breast and ovarian cancers.99 Thor-
ough evaluation for breast cancer (with mammogram and 
then breast MRI), ovarian tumors (pelvic MRI), cervical can-
cer (pap smear), and other rarer tumors is critical. The anti-
bodies target an intracellular epitope, although some research-
ers believe they may still exert pathogenic effects. Patients have 
a relatively pure cerebellar phenotype and progression to sig-
nificant disability. 

GAD65 antibodies target the intracellular synaptic protein 
glutamic acid decarboxylase-65kD, which is responsible for 
producing GABA for synaptic release in neurons.100 GAD65 
antibodies associate with several distinct phenotypes includ-
ing type 1 diabetes, stiff person syndrome, severe epilepsy, lim-
bic encephalitis, and cerebellar ataxia.101,102 A recent paper 
has shown, however, that other patients with cerebellar ataxia 
have autoantibodies restricted to the GAD67 isoform.103 The 
antibodies probably are not directly pathogenic since they 
cannot readily access the target on living neurons. GAD65 
responses may be seen in some normal individuals or in per-
sons with prior encephalitis. Patients with the neurologic dis-
orders have strong GAD65 responses in both CSF and serum. 
The ataxia patients usually present with a pure cerebellar syn-
drome. However, some patients may also show signs of stiff 
person syndrome or develop signs of the other GAD65 asso-
ciated disorders (type 1 diabetes, etc.). Tumors are uncommon 
in GAD65 disorders in general. One recent study has suggest-
ed that patients with GAD65 antibodies and cerebellar ataxia 
may benefit from a gluten-free diet.104 

DNER antibodies (previously known as anti-Tr) target a 
brain membrane protein of uncertain function that is expressed 

in cerebellum.6 Patients with DNER present with an acute or 
subacute cerebellar syndrome.105,106 DNER autoimmunity is 
strongly associated with Hodgkin lymphoma, so treatment 
of the cancer itself typically involves powerful immune sup-
pression and should not be delayed. Autoantibodies to mGluR1 
have also been reported in patients with cerebellar degenera-
tion (some with Hodgkin lymphoma) and antibodies to Hom-
er-3, which organizes mGluR1 at synapses, have also been re-
ported.97,107 

Kelch-like protein 11 (KLHL11) antibodies associate with 
a cerebellar and brainstem syndrome that is strongly linked 
to testicular seminoma.108,109 Some patients may have hearing 
loss or seizures. KLHL11 is an intracellular protein, so the an-
tibodies are unlikely to be pathogenic. It should be noted that 
Ma2 antibodies also associate with testicular tumors and a 
similar phenotype. 

As discussed above, GluK2 (kainate) receptor antibodies are 
associated with an autoimmune cerebellar syndrome that is 
distinct due to the high risk of severe cerebellar edema and ob-
struction of CSF outflow, a phenomenon that would be highly 
unusual in the other disorders. 

VGCC antibodies are most strongly associated with Lam-
bert-Eaton myasthenic syndrome (LEMS), a disorder of mus-
cle fatigue and weakness. LEMS is a neuromuscular junction 
disorder and has characteristic findings on nerve conduction 
studies (very low amplitude motor responses and marked fa-
cilitation with exercise among other characteristics). Howev-
er, some patients with VGCC antibodies may have cerebel-
lar ataxia.96 The cerebellar findings could present along with 
the neuromuscular disorder, or in isolation, or separated in 
time from the neuromuscular presentation. These syndromes 
involve a significant risk of lung cancer.  

The diagnosis of gluten ataxia should also be considered as 
an underdiagnosed potential cause of autoimmune cerebellar 
ataxia. These patients have characteristics more similar to non-
celiac gluten sensitivity than the celiac disease.110 

Guidelines have been proposed for diagnosing primary au-
toimmune cerebellar ataxia in cases without informative an-
tibodies.111 The diagnostic criteria require an acute or sub-
acute cerebellar syndrome, normal MRI (or MRI showing 
vermin atrophy), exclusion of alternative causes, and 2 of the 
following 3 items: 1) family or personal history of autoimmu-
nity, 2) CSF inflammation, or 3) other autoantibodies that are 
not directly diagnostic but supportive of a tendency to auto-
immunity. 
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SECTION 5. SPECIAL SITUATIONS

Autoimmune epilepsy and new onset refractory 
status epilepticus
New onset refractory status epilepticus (NORSE) is a syn-
drome with diverse causes. Autoimmune causes have drawn 
particular interest due to the increasing recognition that spe-
cific CNS autoantibody diseases can present with status ep-
ilepticus. In a series of 130 NORSE patients, Gaspard et al.112 
found autoimmune and paraneoplastic cases in 19% and 18% 
of cases, accounting for 70% of cases where an etiology could 
be found. However, it is not clear whether all of the antibod-
ies found indicate a true autoimmune mechanism, and cer-
tain tests, such as GABA-B receptor antibodies, were done 
only in small subsets of patients. While testing patients with 
NORSE for autoimmune causes is reasonable, the true yield 
is unclear. It is unclear what empiric immune therapy is ap-
propriate for patients with NORSE without defined autoim-
mune disorders.113

While patients with the CNS synaptic autoimmune disor-
ders are at risk for sudden onset refractory epilepsy and sta-
tus epilepticus, it is unclear how often an immune mechanism 
may be present in patients with chronic epilepsy. GAD65 an-
tibodies have drawn particular attention in this setting. One 
series found a very low rate of GAD65 antibodies in patients 
with epilepsy (<1%) overall.114 However, another study focus-
ing on patients with therapy-resistance epilepsy found a high-
er rate.115

Several predictive scores, including APE2 and RITE2, have 
been proposed to predict which patients with NORSE may be 
more likely to have autoimmune causes.116 In one study, pa-
tients with prodromal fever, absence of behavioral/memory 
problems prior to seizures, absence of dyskinesia during im-
paired alertness, and symmetric T2 MRI changes were more 
likely to have cryptogenic NORSE and less likely to have au-
toimmune causes.117 

Schizophrenia and new-onset psychosis
It is controversial how commonly patients with schizophre-
nia or new onset psychosis may have autoantibodies to syn-
aptic antigens, especially NMDAR. Several studies report 
NMDAR antibodies in up to 10%–15% of patients with schizo-
phrenia, and have considered whether these antibodies may 
relate to pathogenesis (for a review see118). However, the meth-
ods used are not the standard autoantibody tests employed 
in anti-NMDAR encephalitis, and others have cast doubt on 
the relevance of these findings.119 The papers reporting the 
highest levels of antibodies rely on low titer serum respons-
es of the IgA or IgD or IgM subtype.120 These papers do not 
provide evidence of a response to immune therapy or other 

evidence of brain autoimmunity (CSF inflammation, brain 
MRI changes, etc.). The rate of the IgG antibodies associated 
with anti-NMDAR encephalitis in new onset psychosis pa-
tients may <1%.121 In a study of 387 patients with first episode 
of psychosis, 3.9% were found to be seropositive for NMDAR 
antibodies using a live cell-based assay.122 However, other con-
firmatory studies to support actual anti-NMDAR encepha-
litis were not reported and the patients responded similarly 
to seronegative patients to antipsychotic medications. Anoth-
er study of 621 patients with new onset psychosis, schizophre-
nia, schizoaffective disorder and related diagnoses found a 
very low incidence of weak serum antibody responses in pa-
tients, similar to controls.123 These responses were not accom-
panied by reactivity to brain sections or neurons and were 
thought to not be significant. While NMDAR encephalitis 
and related disorders should always be considered in the eval-
uation of new onset psychosis, the likelihood of these diag-
noses is low.  

Encephalitis after immune checkpoint inhibitor 
therapy
Immune checkpoint inhibitors, particularly PD-1 and PD-L1 
inhibitors, have increasingly been used to treat a variety of 
cancers. Autoimmunity is a risk of these treatments and can 
affect many organ systems including the thyroid gland, mus-
cle and the nervous system. A wide range of neurologic au-
toimmune diseases have been reported, including myositis, 
autoimmune neuropathies, Lambert-Eaton syndrome, myas-
thenia gravis, encephalitis, cerebellar ataxia, and brainstem 
encephalitis.47,124,125 While the associations of specific tumors 
with specific neurologic disorders are maintained to some de-
gree, the probability of autoimmune disorders occurring seems 
markedly increased after these therapies. In a patient with a 
suspected autoimmune or paraneoplastic disorder, it is im-
portant to consider whether these treatments have been given 
and to avoid using them further. A prior history of an autoim-
mune or paraneoplastic disorder may be a relative contrain-
dication to using these treatments.  

Critical analysis of laboratory testing
The expansion of antibody testing panels that are used in pa-
tients with autoimmune encephalitis can result in false-pos-
itive results. These results can disrupt care by resulting in in-
appropriate cancer screening tests, biopsies, and unnecessary 
immune therapy. One analysis of 500 sequently paraneoplas-
tic panels found that a majority of positive results were false 
positives.126 Certain tests, such as the ganglionic acetylcholine 
receptor antibody test, the voltage-gated potassium channel 
antibody test, and the VGCC antibody test may have low ti-
ter false positives. False positive results for cell-based assays 
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for the synaptic antibodies (NMDAR, AMPAR, etc.) are un-
common, especially in CSF. When faced with such results it 
is important to consider whether the test result is a plausible 
fit for the disease in question. It is also important to consider 
the specificity of the result at the reported titer. Repeating 
such tests at another laboratory can be helpful, since irrepro-
ducible results are unlikely to be significant. However, the per-
sistence of a result does not guarantee clinical relevance. 

CONCLUSIONS

Autoantibody encephalitis involves distinct clinical syndromes 
that can be recognized in many cases. In other patients, can-
cer screening and rational antibody testing can lead to a pre-
cise diagnosis. Our knowledge about the optimal treatments 
is still hampered by the lack of randomized treatment trials, 
but new information from retrospective studies has provided 
important new information on treatment of anti-LGI1 and 
anti-NMDAR syndromes. In selecting treatments it is impor-
tant to understand the underlying disease mechanisms and 
the evidence supporting treatment. There will almost certainly 
be additional autoantibody syndromes discovered in the com-
ing year. Each disease teaches us about the neuroscience of the 
target antigens. It is not reasonable to expect a general neu-
rologist to memorize the associations of each new antibody. 
Rather, the goal should be to read and review the cancer as-
sociations and treatment guidance for a specific antibody when 
encountering a case. 
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