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Autoimmune encephalitis is a group of encephalitis syndromes that cause altered mentality, memory 

decline, or seizures in association with the presence of serum and cerebrospinal fluid (CSF) 

autoantibodies (auto-Abs). An early diagnosis enables early treatments. The detection of auto-Abs is a 

confirmatory diagnosis. Tissue-based assay, cell-based immunoassay, and immunoblotting are used to 

detect various autoantibodies. The CSF test for the presence of antibodies is important because it is 

more sensitive and reflects disease activity in many autoimmune encephalitis, although antibody tests 

can be negative even in the presence of autoimmune encephalitis. EEG is often abnormal, but 

nonspecific. A unilateral or bilateral medial temporal T2 high signal is a common finding in MRI. 

Fludeoxyglucose-positron emission tomography is sometimes useful for diagnosis in patients with 

normal MRI. (2016;6:45-52)
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Figure 1. The discovery of antibodies of autoimmune encephalitis along the time axis.

History and categories of autoimmune 
encephalitis

Autoimmune encephalitis is a group of syndromes that occur in as-

sociation with autoantibodies (auto-Abs), which are presumed to be 

responsible, or partly responsible, for the development of epilepsy 

and encephalitis.1 Many series of patients with autoimmune ence-

phalitis involve B-cell-mediated autoimmunity. However, some syn-

dromes may also involve T-cell-mediated immunity.2-4 They are also 

responsible for a small, but significant, number of cases of epilepsy.

In 1980, intravenous immunoglobulin therapy was introduced to 

treat autoimmune diseases, and from 1980 to 2000, many classical 

onconeuronal autoimmune antibody-associated syndromes were 

reported, including anti-Yo, -Hu, -amphiphysin, -CRMP5 (collapsin 

response mediator protein 5), and -Ma paraneoplastic auto-Abs 

(Fig. 1).5 Since 2000, many new autoimmune synaptic auto-Abs have 
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Clues Advantages Disadvantages

Syndrome-based criteria • Enable early immunotherapy
• Useful for inclusion criteria of clinical studies

• Incorrect
• Not helpful for differential diagnosis 
• Can lead to over-immunotherapy

Response to immunotherapy • Useful in retrospective case analysis • Many patients with AE do not respond to 

1
st
-line immunotherapy

• Not useful for initial decision

Clinicians’ “gut feeling” based on 
clinical course, MRI, and CSF test

• Case-specific approaches • Requires experience
• Incorrect

Antibody test • Confirmatory
• Determines comorbidities, tumors, long-term 

treatment, and prognosis

• Half of AE cases are antibody negative
• Time and availability for antibody tests
• False positive or asymptomatic antibodies

AE, autoimmune encephalitis

Table 1. The various diagnostic approaches used in autoimmune encephalitis

Antibody Common tumor

Hu SCLC, neuroendocrine tumors

Yo Ovary, breast cancer

CV2/CRMP5 SCLC, thymoma

Ri Breast, gynecologic cancer, SCLC

Ma2
Testicular, breast cancer, lung cancer, 

stomach cancer

Amphiphysin Breast cancer, SCLC

Recoverin SCLC, NSCLC

NMDA receptor Ovarian or mediastinal teratoma

LGI1 Thymoma, lung cancer,

Caspr2 Thymoma

GABA B receptor SCLC

GABA A receptor Rare

AMPA receptor Lung, breast cancer, thymoma

SCLC, small cell lung cancer; NSCLC, non-small cell lung cancer

Table 2. Common cancers associated with autoimmune antibodiesbeen discovered, such as the anti-NMDA receptor (NMDAR, N-meth-

yl-D-aspartate receptor), anti-AMPAR (α-amino-3-hydroxy-5-meth-

yl-4-isoxazolepropionic acid receptor), anti-LGI1 (Leucine-rich glio-

ma inactivated 1), anti-Caspr2 (contactin-associated protein-like 2), 

and anti-GABAB receptor (γ-aminobutyric acid class B receptor) re-

ceptor Abs.6

The various types of autoimmune encephalitis antibodies can be 

categorized into three groups:3 intracellular paraneoplastic Ab, 

cell-surface or synaptic Ab, and with Ab of unclear significance. 

Intracellular paraneoplastic antibody is frequently associated with 

systemic tumors (in more than 90% of cases). These patients are less 

responsive to immunotherapy because the antibody causes neuronal 

damages. Cell-surface or synaptic Ab is variably associated with sys-

temic tumors, and patients with these Ab are more responsive to 

immunotherapy. The classical example of encephalitis with Ab of 

unclear significance is Hashimoto’s encephalitis, which is positive 

for the thyroid peroxidase Ab, although this Ab is not directly 

pathogenic.

Diagnosis of autoimmune encephalitis

Diagnostic criteria for autoimmune encephalitis were proposed 

recently.7 For the diagnosis of definite autoimmune limbic encephali-

tis, all four of the following criteria have to be met: subacute onset, 

bilateral brain abnormalities on T2-weighted fluid-attenuated in-

version recovery (FLAIR) MRI highly restricted to the medial temporal 

lobes, cerebrospinal fluid (CSF) pleocytosis or EEG with epileptic or 

slow-wave activity on the temporal lobe, and reasonable exclusion of 

alternative causes. Although detection of auto-Abs is the best diag-

nostic method for autoimmune encephalitis, there are many Ab-neg-

ative probable autoimmune encephalitis cases. Because early appli-

cation of immunotherapy is essential for the treatment of auto-

immune encephalitis, early suspicion based on clinical findings is 

important. There are several methods for the diagnosis of auto-

immune encephalitis (Table 1). Because each has advantages and 

disadvantages, we have to select appropriate diagnostic approaches 

in specific situations. The laboratory diagnosis of autoimmune ence-

phalitis consists in the detection of auto-Abs, EEG, MRI, functional 

neuroimaging, and work-up for systemic tumors.

Work-up for systemic tumors

Many cases of autoimmune encephalitis are associated with sys-

temic tumors (Table 2).8,9 Therefore, suitable methods should be ap-

plied to detect these tumors (Table 3).
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Figure 2. The tissue based assay. Mouse brain tissue sections such 

hippocampus and cerebellum are stained with the patient’s serum or CSF 

by indirect immunofluorescence technique.

Category Examination

All patients
Chest and abdomen-pelvis CT
Pelvis MRI to detect any tiny ovarian 

teratoma

Women
Gynecological exam, and 

mammography/breast ultrasound

Men Urologic exam and ultrasonography

>60 years with Ab Whole-body PET

Table 3. Recommended tests for cancer screening in patients with 
autoimmune encephalitis

Figure 3. Cell-based immunoassay. The procedures are insertion of DNA 

cording for the target antigens into a plasmid, transfection of this plasmid 

into vector cells (neuronal cells), reaction of neuronal vector cells with the 

patient’s serum or CSF, and detection of monospecific Ab by indirect 

immunofluorescence.

The expression of target antigens by the tumor tissue itself usually 

contributes to the genesis of auto-Abs, especially in many paraneo-

plastic autoimmune encephalitis series.10,11 The detection of systemic 

tumors is very important, not only because systemic tumors can be 

fatal in cases of delayed treatments, but also because the removal of 

the tumor can facilitate the recovery from autoimmune encep-

halitis.1,9,12,13 Sometimes, the size of the cancer or tumor is too small 

to allow its detection when the initial neurological symptoms and 

signs appear. In these cases, even though the initial screening for tu-

mors is negative, repeated follow-up assessments are necessary.

Detection of auto-Abs

Although about half of all autoimmune encephalitis series are 

Ab-negative cases, the detection of auto-Abs is a confirmatory diag-

nostic test. Three basic research techniques are used for this purpose: 

tissue-based assay, cell-based assay, and immunoprecipitation.

The tissue-based assay is a screening method. In this method, 

mouse-brain tissue sections, such as hippocampal and cerebellar sec-

tions, are stained with the patient’s serum or CSF using an indirect 

immunofluorescence technique. This enables the detection even of 

unknown Abs, as well as the established Ab (Fig. 2).14

In the diagnosis of specific autoimmune encephalitis, the 

cell-based immunoassay is used for the detection of cell-surface or 

synaptic Abs, and immunoblotting is used for the detection of intra-

cellular paraneoplastic Abs. The cell-based immunoassay is a new 

technology of autoimmune diagnostics.15 Four main procedures are 

involved in this method: the insertion of DNA encoding the target an-

tigens into a plasmid, transfection of this plasmid into vector cells, re-

action of vector cells with the patient’s serum or CSF, and detection 

of specific Abs via indirect immunofluorescence (Fig. 3).

For the detection of classical intracellular onconeuronal Abs, the 

immunoblotting technique is used. Immunoblotting is the method 

that uses Abs to detect a specific protein from a mixture of several un-

related proteins. The application of this technique in antibody diag-

nosis involves several steps, including the separation of proteins via 

electrophoresis, the transfer of the proteins onto a membrane, and 

the overlay of primary (patients’ sample) and secondary Abs onto the 

membrane, followed by detection using enzymes or radioisotopes.16

The diagnostic steps used in our hospital are summarized in Fig. 4. 

The screening test is performed using the tissue-based assay in all 

patients with suspected autoimmune encephalitis. For the detection 
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Figure 4. The diagnostic steps to detect known and unknown antibodies.

A  B

C  D

Figure 5. The detection of novel antibodies. The detection of unknown 

antibodies by tissue-based assay (A and B), interaction of antibodies with 

neuronal cells, and confirming the presence of unknown antibodies (C 

and D).

A  B

Figure 6. KASPER (Korea Autoimmune Synaptic and Paraneoplastic 

Encephalitis Registry). Samples were collected from 72 nationwide 

hospitals (A). The most common synaptic autoimmune encephalitis was 

NMDAR Ab (68%) followed by LGI1 Ab encephalitis (22%). The common

onco-neuronal paraneoplatic encephalitis series were Amphiphysin, Yo, 

and Ma2/Ta (B).

Figure 7. Two age peaks in autoimmune encephalitis. NMDAR encephalitis

had the highest peak at the third decades and LGI1 at the 7th decades.

of synaptic and intracellular Abs, the cell-based immunoassay and 

immunoblotting are used, respectively. In the case of the detection of 

an unknown Ab in the tissue-based assay (Fig. 5A, B), we perform 

confirmative tests staining cultured neuronal cells with the patients’ 

sample (Fig. 5C, D). Further immunoprecipitation via liquid chroma-

tography and mass spectrometry enables the identification of a novel 

specific antigen. The generation of overexpressing cell lines allows 

the creation of a new system for the diagnosis of the presence of 

novel Ab.

We created the Korea Autoimmune Synaptic and Paraneoplastic 

Encephalitis Registry (KASPER). From June 2012 to 2015, more than 

2500 samples were collected from 72 hospitals nationwide (Fig. 

6A).17,18 The positive rate for autoimmune encephalitis was 8.6%. 

We found more than 10 cases with possible novel antibodies. The 

most common synaptic autoimmune encephalitis was that asso-

ciated with the anti-NMDAR Ab (68%), followed by anti-LGI1 Ab en-

cephalitis (22%). Anti-amphiphysin, anti-Yo, and anti-Ma2/Ta ence-

phalitis were common onconeuronal paraneoplastic encephalitis ser-

ies (Fig. 6B). We observed two age peaks in the occurrence of auto-

immune encephalitis (Fig. 7). Anti-NMDAR encephalitis had the 

highest peak in the third decade, and anti-LGI1 encephalitis had a 

peak at the seventh decade.18

CSF findings

CSF findings were abnormal in most cases,19,20 albeit nonspecific.21 

Lymphocytic pleocytosis and increased CSF protein was the common-

est finding. An oligoclonal band was also found in a quarter of the 

patients.

Testing for the presence of the anti-NMDAR Ab in CSF is 

important. The sensitivity of anti-NMDAR Ab testing is higher in CSF 

compared with serum. Among the patients who were identified as 

having Ab in CSF, 85.6% had Abs in serum for the anti-NMDAR Ab, 
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A  B

Figure 8. Common findings of autoimmune encephalitis. Bilateral (A) or 

unilateral medial temporal T2 high signals (B).

whereas 100% of the patients with a positive serum for this Ab also 

had positive CSF samples.22 The serum was negative for the anti- 

NMDAR Ab in 14% of the patients with a positive Ab in the CSF.13 

This was explained by the frequent intrathecal synthesis of Abs in an-

ti-NMDAR encephalitis. The proportion of CD19(+) B cells was re-

ported to be greater than 10%, which is significantly higher than that 

observed in noninflammatory neurological disorders.23 The con-

version from a high to a low titer and rapidly declining titer in the pa-

tients correlated with good outcome and lower relapse rates.22 A 

high auto-Ab titer in the CSF and serum was related with a poor 

outcome.

Antibody-negative autoimmune encephalitis

The Ab test can be negative even in the presence of autoimmune 

encephalitis. Some explanations are available for these negative Ab 

tests, even with the application of tissue-based analyses. These include 

antigen denaturation during tissue fixation, false-negative results 

caused by a small amount of Ab, differences between human and 

mouse epitopes, and the presence of T-cell-dominant autoimmune 

encephalitis. The existence of Ab-negative autoimmune encephalitis 

was supported by the finding that 44% of patients that are rituximab 

responders have autoimmune encephalitis without detectable Abs.24

In contrast, the positive Ab test does not always imply the pres-

ence of pathogenic Ab. Some patients with small cell lung cancer 

and the anti-Hu Ab are asymptomatic.25 The presence of the an-

ti-TPO Ab in Hashimoto’s thyroiditis is not relevant to the disease 

process.26

The Ab against the voltage-gated potassium channel can be 

present in Miller-Fisher syndrome and Bickerstaff encephalitis.27 

The anti-NMDAR Ab can be present in multiple sclerosis and neu-

romyelitis optica. Some patients were identified as having demyeli-

nating disorders in addition to anti-NMDAR encephalitis.28-30 In 

some cases, it is difficult to determine whether these patients have 

two concurrent neurological conditions or there is a false-positive 

Ab test.

EEG

EEG was abnormal in 90% of cases of anti-NMDAR encep-

halitis.19 However, these findings were nonspecific. Nonconvulsive 

status epilepticus (NCSE) patterns, periodic lateralized epileptiform 

discharges, or nonspecific slowing were observed. In some cases, 

continuous EEG is necessary to detect a subclinical ictal rhythm or 

NCSE pattern. In anti-NMDAR encephalitis, it may be difficult to dif-

ferentiate NCSE from continuous orofacial dyskinesia without EEG. 

Generalized rhythmic delta activity with superimposed fast activity 

(extreme delta brush) is present in some patients with anti-NMDAR 

encephalitis.31 The presence of an extreme delta brush was sugges-

tive of more prolonged hospitalization. However, other EEG find-

ings failed to differentiate autoimmune encephalitis with a differ-

ent etiology.32

MRI

Unilateral or bilateral medial temporal T2 high signals with an ex-

trahippocampal cortical or subcortical lesion are common findings in 

onconeuronal autoimmune encephalitis (Fig. 8A).33-35 These medial 

temporal high signals or swelling may be followed by progressive 

hippocampal atrophy, together with a chronic course.36

In anti-NMDAR encephalitis, MRI abnormalities were found only 

in 20%-50% of patients.13,37,38 MRI is frequently normal or mild even 

in patients with anti-NMDAR encephalitis who are in a comatose 

state. The lesion may involve various areas of the brain.19,39-41 In an-

ti-VGKC encephalitis, MRI did not differentiate anti-LGI1 encephalitis 

from anti-CASPR2 Ab encephalitis.42-44 Unilateral or bilateral medial 

temporal T2 or FLAIR high-signal changes were typically found in an-

ti-LGI1 encephalitis (in more than 70% of cases).45-47 In some cases, 

these changes were accompanied by basal ganglia signal changes. 

Hippocampal atrophy usually progressed along with disease pro-

gression in the absence of proper treatment.44,46,48 Unilateral or bi-

lateral medial temporal T2 high signals were also found in the ma-

jority of anti-GABAB Ab encephalitis (Fig. 8B).49-51 On rare occasions, 

brainstem abnormalities were found in anti-GABAB Ab encephalitis 

with brainstem involvement.52,53
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Figure 9. Typical FDG-PET findings of LGI1 encephalitis. Bilateral basal 

ganglia hypermetabolism (A) with medial temporal hypermetabolsim 

(B).

FDG-PET

FDG-PET scan is useful in the detection of abnormalities, even in 

patients with a normal MRI. It usually shows medial temporal hypo- 

or hypermetabolic changes in limbic encephalitis.54,55 FDG-PET ab-

normalities in anti-NMDAR encephalitis were found at various brain 

sites, such as the frontal, temporal, and occipital lobes, brainstem, 

and cerebellum.37,39,41,56 The findings ranged from focal hyper-

metabolism to diffuse hypometabolism.37,39,41,56-58 FDG-PET in an-

ti-LGI1 encephalitis frequently showed basal ganglia and medial tem-

poral hypermetabolism (Fig. 9).47,60

Conclusions

Autoimmune encephalitis is a group of epilepsy and encephalitis 

syndromes that are associated with serum and CSF auto-Abs. The de-

tection of auto-Abs is a confirmatory diagnosis. A tissue-based assay 

is used as a screening method, and a cell-based immunoassay is ap-

plied for the detection of synaptic Abs, whereas immunoblotting is 

used for the detection of intracellular paraneoplastic Abs. The Ab 

tests using both CSF and serum are necessary and CSF sometimes re-

flects disease activity. The Ab test can be negative even in the pres-

ence of autoimmune encephalitis. Efforts aimed at detecting new au-

to-Abs are needed. EEG is nonspecific. A unilateral or bilateral medial 

temporal T2 high signal is a common finding in MRI. FDG-PET is 

sometimes useful as a diagnostic tool in patients with a normal MRI, 

and exhibit medial temporal hypo- or hypermetabolism and basal 

ganglia hypermetabolism in anti-LGI1 encephalitis.
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