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Autoimmune encephalitides (AIE) comprise a group of inflammatory diseases of the central nervous system (CNS), which can be further characterized by the presence of different antineuronal antibodies. Recently, a clinical approach for diagnostic criteria for the suspected diagnosis of AIE as well as definitive AIE were proposed. These are intended to guide physicians when to order the antineuronal antibody testing and/or facilitate early diagnosis even prior to the availability of the specific disease-confirming test results to facilitate prompt treatment. These diagnostic criteria also include the results of basic cerebrospinal fluid (CSF) analysis. However, the different antibody-defined AIE subtypes might be highly distinct with regard to their immune pathophysiology, e.g., the pre-dominance of specific IgG subclasses, IgG1, or IgG4, or frequency of paraneoplastic compared to idiopathic origin. Thus, it is conceivable that the results of basic CSF analysis might also be very different. However, this has not been explored systematically. Here, we systematically reviewed the literature about the 10 most important AIE subtypes, AIE with antibodies against NMDA, AMPA, glycine, GABAA, and GABAB receptors as well as DPPX, CASPR2, LGI1, IgLON5, or glutamate decarboxylase (GAD), with respect to the reported basic CSF findings comprising CSF leukocyte count, total protein, and the presence of oligoclonal bands (OCB) restricted to the CSF as a sensitive measure for intrathecal IgG synthesis. Our results indicate that these basic CSF findings are profoundly different among the 10 different AIE subtypes. Whereas, AIEs with antibodies against NMDA, GABAB, and AMPA receptors as well as DPPX show rather frequent inflammatory CSF changes, in AIEs with either CASPR2, LGI1, GABAA, or glycine receptor antibodies CSF findings were mostly normal. Two subtypes, AIEs defined by either GAD, or IgLON5 antibodies, did not fit into this general pattern. In AIE with GAD antibodies, positive OCBs in the absence of other changes were typical, while the CSF in IgLON5 antibody-positive AIE was characterized by elevated protein.

Keywords: autoimmune encephalitis, antineuronal antibodies, cerebrospinal fluid, pleocytosis, oligoclonal bands, NMDAR antibodies, LGI1 antibodies, GAD antibodies

INTRODUCTION

Autoimmune encephalitides (AIE) are inflammatory diseases of the central nervous system (CNS) (1). As a differential diagnosis for infectious encephalitides, epilepsy of other causes, or cognitive deterioration of non-inflammatory origin, the diagnosis of AIE is often established by the detection of subtype-specific antibodies against different neuronal surface antigens in the cerebrospinal fluid (CSF), the blood or both. It has been suggested that rapid immunosuppressive treatment improves the outcome of patients with AIE (2). However, the specific antibody testing usually takes several days. Thus, CSF findings like CSF pleocytosis, increased protein, and the presence of oligoclonal bands (OCB) restricted to the CSF might prove an inflammatory origin of neurological disturbances compatible with an AIE prior to the specific test results, thereby supporting the diagnosis and triggering early treatment.

Recently, diagnostic criteria for AIEs were proposed, which also incorporate CSF findings (3). Of note, only CSF pleocytosis was chosen as supporting findings for the diagnostic categories of possible AIE or definitive limbic encephalitis of autoimmune origin. In contrast, for the diagnostic category of possible NMDAR encephalitis, both positive OCB and pleocytosis were considered as supportive CSF findings. Of note, it has been reported that inflammatory CSF changes, although common in patients with NMDAR encephalitis (4), might be rare in other AIE subtypes, e.g., AIE associated with LGI1 antibodies (5, 6). Thus, the likelihood that inflammatory CSF findings support the suspected AIE diagnosis might strongly depend on the underlying disease subtype in an individual patient. However, this relationship has not been studied systematically.

In this analysis, we systematically reviewed the literature regarding 10 AIE subtypes with well-defined antibodies. We extracted the reported CSF findings both on the basis of group findings as well as of data reported for individual patients whenever possible. In these different data sets, we analyzed the cumulative reported frequencies and levels of CSF pleocytosis, elevated total protein as well as the frequency of positive OCB with respect to the antibody-defined specific AIE subtype. In addition, we analyzed the typical combination of the three basic values when reported for individual patients to characterize the typical CSF result pattern in the 10 AIE subtypes.

METHODS

We reviewed the published literature using the PubMed data base (https://www.ncbi.nlm.nih.gov/pubmed) of the National Center for Biotechnology Information for publications published until December 31st, 2018 with regard to AIE with AMPA receptor (AMPAR), CASPR2, DPPX, glutamate decarboxylase (GAD), glycine receptor (GlyR), IgLON5, GABAB receptor (GABABR), GABAA receptor (GABAAR), LGI1, and NMDA receptor (NMDAR) antibodies using the following search terms: “NMDA,” “AMPA,” “CASPR2,” “DPPX,” “GAD,” “GlyR,” “IgLON5,” “GABABR,” “GABAAR,” or “LGI1” in combination with “encephalitis,” “IgLON5” combined with “case report,” “CASPR2” in combination with “seizure.” The hits were critically reviewed and all publications that reported CSF findings for two or more patients for one of the 10 specific antibodies were selected for further analysis. However, in AIE subtypes for which this strategy identified very few patients (<15), namely AIEs with CASPR2, DPPX, GABABR, and GABAAR antibodies, for individual CSF data comprising all three parameters, we also incorporated data from reports of two or one patients. It was carefully checked whether some patients might be reported in more than one publication. These patients were only included once. As characterizing the CSF abnormalities in children was beyond the scope of this paper, patients younger than 13 years were excluded.

Basically, two types of data were extracted from the selected publications, group data and individual data. Most often, only group data were reported, e.g., percentage of patients with pleocytosis among all with information about CSF cell count available. For female gender, CSF pleocytosis, increased protein as well as the presence of OCB, the percentage of patients positive for one of these findings was calculated as follows: For each specific AIE subtype, the total number of patients positive for one of these findings was obtained by adding up all these patients reported in all selected publications. These were compared to the total number of patients for whom information regarding this parameter could be extracted from these publications. If one CSF parameter was reported as either normal or abnormal for some patients but no information was given for other patients, we assumed that the results of this analysis were not available for the latter. Thus, these patients were not counted for the total number of patients for this parameter. If only pathological values were specifically reported, it was assumed that the data were available but normal in all other patients unless it was specifically mentioned that these values were not available. Of note, the normal values for CSF cell count varied from up to 4 to 5 cells/μl among the publications. In addition, the upper normal limit for total protein ranged from 350 to 500 mg/l. When reported, we extracted the exact results for the CSF cell count as cells/μl and CSF total protein as mg/l and regarded cell counts up to 4 cells/μl and protein levels up to 450 mg/l used for majority of publications applied these cut-offs. Median, minimum, maximum, and interquartile range were calculated using the Graph Prism Software.

RESULTS

For all antibody-defined AIE subgroups combined, we could identify 116 publications that matched our search criteria and contained relevant information for the intended analyses. Ten were identified for AIE with AMPAR antibodies (7–16), 15 for CASPR2 (16–30), eight for DPPX (31–38), four for GABAAR (15, 39–41) with patients reported by the Pettingil et al. being excluded as these were not tested for GABAAR antibodies in CSF and represented a different phenotype (42), 15 for GABABR antibodies (12, 15, 16, 43–54), 15 for GAD antibodies (19, 22, 55–67), five for GlyR antibodies (68–72), 14 for IgLON5 antibodies (73–86), 25 for LGI1 antibodies (5, 6, 15, 16, 19–22, 30, 52, 77, 87–100), and finally 27 for NMDAR antibodies (4, 15, 16, 19, 22, 52, 62, 88, 89, 101–118). The history of the data search and the results are depicted in Figure 1. With regard to the group data, information regarding the presence or absence of CSF pleocytosis was available for 1,305 patients total, while less information was available for increased CSF protein and presence of OCB with a total of 1,001 and 610 patients, respectively (Table 1). The data set for AIE with DPPX antibodies was the smallest with 29, 16, and 19 patients for percentages of either pleocytosis, increased protein or presence OCB, respectively, while the number of reported CSF findings was highest for AIE patients with NMDAR antibodies. Here, the frequency of pleocytosis was reported in 532 patients, the occurrence of increased protein in 433, and the presence of OCB in 196 patients. However, this kind of group data did neither allow to analyze the typical age of onset, CSF cell count or CSF protein levels nor the frequency of co-occurrence of pleocytosis, increased protein and presence of OCB in individual patients. Thus, whenever reported individually, we also extracted the age, gender, CSF cell count in cells per μl, total protein as mg/l and presence or absence of OCB for each patient. However, the size of the groups of patients with individual data available was substantially lower compared to the cohorts for which group data were combined (Table 1, Supplementary Table 1). The group size for each antibody-defined AIE was smallest for individual patients with information regarding all three basic CSF parameters whether normal of pathological available, ranging from 5 to 34 for DPPX- and GAD-antibody associated AIE, respectively (Table 1). In general, the proportion of patients with individual values compared to group data for gender, cells, CSF protein, and OCB was lowest for patients with NMDAR, GAD, GABAAR, and again NMDAR antibodies with 12, 8, 9, and 18%, respectively (Supplementary Table 1). In contrast, for gender and AMPAR and GABAAR antibodies and OCB and GABAAR antibodies all individuals identified had individual data. When the frequencies of CSF pleocytosis, elevated CSF protein, or positive OCB in the cohorts with individual exact values was compared to the those generated by adding up group data, we found that for 6 of the 10 well-defined antibodies the percentage of either pathological CSF cell count and elevated protein values was significantly higher in patients with individual exact values given compared to the group data. This indicates a strong bias for over-reporting of pathological in comparison to normal values (Supplementary Table 2).
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FIGURE 1. Study profile.




Table 1. Number of patients with AIE with disease-specific antibodies identified by the literature search either as grouped data, with individual exact data or all three major parameters available.
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When comparing the basic demographic variables, age, and gender, among the different cohorts with antibody-defined AIE subtypes prominent differences became apparent. Whereas, the median age was 60 years or higher for patients with AIE associated with GABABR, IgLON5, LGI1, CASPR2, and AMPAR antibodies, patients with GABAAR, DPPX, GAD, and GlyR antibody-associated AIE were considerably younger (Figure 2A). Patients with GABAAR antibodies showed a bimodal age distribution with an additional group of patients with a very young age. Patients with NMDAR antibody-associated AIE were the youngest with a median age of 27 years (Figure 2A). In addition to age, also the gender distributions were very different among the different AIE subtypes. While females were exceedingly rare among patients with CASPR2 antibodies (14%) and males among patients with GAD antibodies (19%), there was a moderate male pre-dominance in AIE with DPPX, LGI1, and GABABR antibodies and a moderate female pre-dominance in AMPAR, GABAAR, and NMDAR antibody-positive patients (Figure 2B).
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FIGURE 2. Demographic characteristics of patients with autoimmune encephalitis subtypes defined by 10 different antibodies. (A) Distribution of individual reported ages in patients with autoimmune encephalitides (AIE) of the antibody-defined subtypes. The distribution is depicted as violin plots. Patients younger than 12 years were excluded. The median age is indicated as bold line, the interquartile range is indicated by fine lines. Note the bimodal age distribution of the patients with GABAAR antibodies. (B) Gender distribution of the combined groups of patients with group wise data about the gender distribution available. The percentage of females is depicted as the black part of the bar.



The cumulative reported frequencies of CSF pleocytosis were also highly divergent among the 10 different antibody-defined AIE subtypes: while present in 50% or more of the patients with NMDAR, AMPAR, GABABR, and DPPX antibodies, CSF pleocytosis was rare in patients with GAD, LGI1, and IgLON5 antibodies with frequencies of 9, 16, and 24%, respectively (Figure 3A). Patients with the remaining antibodies, anti-GlyR, -GABAAR, and -CASPR2, had reported frequencies of CSF pleocytosis ranging from 29 to 36%. Analyzing individual exact CSF cell counts if pathological only, reduced the number of data points considerably. Due to the scarcity of data points, GAD antibodies–only reportedly elevated in two patients with 7 and 56 cells/μl–were omitted from graphical depiction of this analysis (Figure 3B). Median values for CSF pleocytosis of 20 cells/μl and higher were found in AIE associated with AMPAR and NMDAR antibodies as well as for GABAAR antibody-associated AIE. The latter findings are surprising, as pleocytosis in these subtypes was found to be rather infrequent (Figure 3A). However, the number of data points were limited with three and eight for GlyR and GABAAR antibodies, respectively. A relevant pleocytosis of 20 cells/μl or more was reported for >60% of patients with GABABR, AMPAR, and NMDAR antibodies, corresponding to those with highest percentage of reported pleocytosis, whereas CSF cell counts in this range were found in 40% of patients with DPPX antibodies and finally in 25% or less in patients with AIE associated with IgLON5, LGI1 as well as CASPR2 antibodies, the three subtypes where CSF pleocytosis was least common. Pleocytosis of >100 cells/μl was found in 2 of 58 patients (3%) with GABABR antibodies and in 2 of 30 patients (7%) with AMPAR antibodies, 2 of 15 patients with DPPX antibodies (13%) and 18 of 52 patients (35%) with NMDAR antibodies but not in the other AIE subtypes. Maximal cell counts well above 500 cell/μl were reported for patients with GABABR (950 cell/μl) and NMDAR antibodies (730 cells/μl) only. However, for GABABR antibody-positive AIE this cell counts can be judged as exceptionally high as the next highest cell count was considerably lower (159 cells/μl).
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FIGURE 3. Differential frequency of CSF pleocytosis and CSF cell count in patients with different antibody-defined autoimmune encephalitis subtypes. (A) The cumulative percentage of the patient groups identified in the literature with CSF pleocytosis. The percentage of patients with reported CSF pleocytosis is indicted as black. The total number of patients is indicated above each bar. (B) Distribution of reported CSF cell counts in individual patients with antibody-defined autoimmune encephalitis (AIE) subtypes and pleocytosis. The median cell count identified as a bold line. The origin of the y-axis is set to 5 cells/μl, the lowest pathological cell count.



An elevated CSF protein reportedly occurred in <25% in AIE patients with GAD, GABAAR as well as GlyR (Figure 4A). In contrast, in AIE patients with antibodies against AMPAR and GABABR elevated CSF protein levels was reported with a frequency of 43 and 47%, respectively. With reportedly elevated CSF protein in 53% of patients, AIE with IgLON5 antibodies showed in highest prevalence of this finding. Again, the frequencies of elevated individual CSF protein values (>450 mg/l) among cases with individual exact values reported were substantially higher when these were compared to group data (Supplementary Table 2). As for the CSF cell count, we thus omitted all individual patients with normal exact CSF protein levels to avoid that this reporting bias distorts our analysis. For AIE with GABAAR antibodies, only two CSF protein values (520 or 600 mg/l) were available. We thus omitted their graphical depiction as these two values were judged as not representative (Figure 4B). When ranking the combined individual pathological protein levels according to their median, two of the AIE subtypes with the highest percentage of reportedly increased in protein, AIE associated GABABR and AMPAR antibodies, were among the four subtypes with the highest median pathological CSF protein levels (Figure 4B). In addition, protein levels reported for patient with LGI1 and NMDAR antibodies, although increased protein was reported much less often, also showed relatively high median pathological protein levels. When analyzed for the frequency of pathological protein levels >1,000 mg/l, these were detected in four of nine patients (44%) with IgLON5, 1 or 4 patients (25%) CASPR2, 4 of 18 patients (22%) with NMDAR, and 4 of 25 patients (16%) with GABABR antibodies.
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FIGURE 4. Reported frequencies of increased protein and oligoclonal IgG in the CSF of patients with different antibody-defined autoimmune encephalitis subtypes. (A) The cumulative percentage of the antibody-defined AIE patient groups identified in the literature with increased CSF protein. The percentage of patients with reported CSF protein is indicated as black. The total number of patients is indicated above each bar. (B) Distribution of reported pathological CSF protein values in individual patients with antibody-defined autoimmune encephalitis (AIE) subtypes. The median cell count identified by a bold line. The origin of the y-axis is set to 450 mg/l as upper normal limit for CSF protein. (C) The cumulative percentage of the antibody-defined AIE patient groups identified in the literature with isolated oligoclonal bands (OCB) in the CSF. The percentage of patients with positive OCB is indicated as black. The total number of patients is indicated above each bar.



The third CSF finding we extracted from the published data was the reported presence or absence of isolated OCB in the CSF. In more than 50% of patients with GAD, GABABR, and NMDAR antibodies, positive OCB in the CSF were reported (Figure 4C). With 37%, the frequency of positive OCB was considerably lower in patients with AMPAR antibodies. Between 23 and 32% of patients with antibodies against GlyR, GABAAR, CASPR2, and DPPX antibodies were OCB-positive, while positive OCBs were exceedingly rare in the groups of patients with LGI1 and IgLON5 antibodies with a percentage of only 5 and 7%, respectively.

In summary, the reported percentages of pathological values for the three basic CSF analyses are highly different among the 10 antibody-defined subtypes of AIE examined. However, when the percentage of reported pleocytosis was plotted against the percentage of reportedly positive OCB, it became apparent that subtypes with frequent pleocytosis are in general also characterized by frequently positive OCB (Figure 5A). There was one exception however, as GAD antibody-associated CNS diseases only rarely show CSF pleocytosis while this subtype ranked among high with respect to OCB positivity. When the frequency of reportedly elevated CSF protein was plotted against the frequency of pleocytosis, a similar relationship became apparent. However, here the frequency of elevated CSF protein seemed to be disproportionately high in patients with IgLON5 antibodies (Figure 5B). Similar observations were made when the frequency of elevated CSF protein was plotted against relative OCB positivity (Figure 5C). It seems that AIE subtypes with antibodies against either NMDAR, GABABR, AMPAR, or DPPX are characterized by rather frequent pathological changes in all three analyses, while these CSF abnormalities seem to be rather infrequent in those subtypes with either CASPR2, LGI1, GlyR, or GABAAR antibodies. GAD and IgLON5 antibody-positive AIEs deviate from this general pattern with either disproportionally frequent positive OCB or elevated protein levels, respectively.
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FIGURE 5. Relationships of the reported frequencies of pleocytosis, elevated protein, and presence of oligoclonal IgG in the CSF of patients with different antibody-defined autoimmune encephalitis subtypes. Graphs depict the cumulative frequencies of reported increased CSF cell counts plotted against the frequencies of reportedly positive oligoclonal IgG [OCB positive, (A)], increased CSF protein against pleocytosis (B) as well as the frequency of increased protein plotted against OCB positivity (C). The antibody-defined autoimmune encephalitis (AIE) subtypes were grouped as those with infrequent pathological changes (empty symbol: LGI1, GABAAR, GlyR, CASPR2), frequent pathological changes (black symbols: AMPAR, DPPX, GABABR, NMDAR) as well as those rather distinct patterns of CSF pathologies (gray symbols: IgLON5, GAD). Compared to the rare occurrence of CSF pleocytosis and positive OCB, CSF of patients with IgLON5 antibodies were frequently reported to exhibit elevated CSF protein. CSF findings in patients with GAD antibodies are characterized by a high frequency of positive OCB while pleocytosis and elevated CSF protein rarely occur.



Having thus established that the reported data about single CSF findings seem to share certain patterns, we next investigated the relative co-occurrences of pleocytosis, elevated CSF protein, and positive OCB in individual patients suffering from 1 of the 10 antibody-defined AIE subtypes. For that purpose, we expanded our literature search to publications with <3 patients for AIE associated with AMPAR, CASPR2, DPPX, GABABR, GABAAR, and IgLON5 antibodies as for these <15 patients were identified with the full data set. Thereby, we increased the number of patients by 10 for AIE with IgLON5 antibodies (74, 75, 79–86), three for AIE with AMPAR antibodies (8, 10, 11), by two for AIE with DPPX antibodies (35, 38), by one for AIE with CASPR2 (21) and GABABR antibodies each (47). However, the number of individual patients with information of all three CSF parameters remained <10 for AIE with DPPX, CASPR2, GABABR, and GABAAR antibodies (Supplementary Table 3). Although the scarcity of data prohibited a more detailed analysis for these four antibodies, cases with CASPR2 antibodies had mostly normal CSF while inflammatory changes were observed in the majority of the other three subtypes. The analysis of the remaining AIE subtypes showed that basic CSF results were normal or unspecifically pathological with elevated CSF protein only in more than 2/3 of patients with LGI1, IgLON5, and GlyR antibodies, while only ~1/3 were normal or unspecifically pathological in AIE with GAD and AMPAR antibodies. In contrast, all patients with NMDAR antibodies had definitively inflammatory CSF findings (Figure 6). In AIE with AMPAR and NMDAR antibodies, the vast majority of patients with inflammatory CSF had pleocytosis with or without positive OCB. However, there was a substantial proportion of patients with GAD antibodies with positive OCB in the absence of pleocytosis (56%), a combination also present in 4, 14, and 17% of patients with LGI1, IgLON5, or GlyR antibodies, respectively.
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FIGURE 6. Combination of pathological CSF findings in patients with antibody-defined autoimmune encephalitis. Patients with individual data with regard to all three basic CSF analyses–presence of pleocytosis, elevated CSF protein and positive OCBs–were analyzed for the frequencies of the eight possible combinations of all the tree pathologies. The order of the different antibodies was determined by the percentage of patients with normal or not definitely inflammatory CSF findings (increased protein only). Pleo, pleocytosis; TP ↑, total protein increased; OCB, positive isolated oligoclonal bands in CSF. Diagonal stripes upwards from left to right: positive OCB, downwards: pleocytosis.



DISCUSSION

In clinical neurology, the differential diagnosis of AIE is often considered in patients presenting with new-onset epilepsy, psychiatric diseases, especially in younger patients, and dementia or delirium in the elderly. The rationale is that early identification of AIE might lead to a favorable response to immunosuppressive therapy (2) and missing the diagnosis might lead to life-long cognitive deficits. It is thus not surprising that proving the inflammatory origin of neurological sequelae by CSF findings plays a role in the diagnostic criteria for AIE recently proposed by multiple experts in this field (3). However, it is known that CSF in AIE sometimes lacks inflammatory changes (90, 119).

Within the last years, it became apparent that the different antibody-defined subtypes of AIEs actually represent different diseases with typical clinical presentations, subtype-specific typical ages of onset and gender prevalences as well as imaging results (1). In addition, genome-wide linkage studies demonstrated that fundamentally different genetic risk factors (120). For the two most frequent AIE subtypes, those associated with LGI1 or NMDAR antibodies (6, 121), it is already well-acknowledged that AIE with LGI1 antibodies is rarely associated with inflammatory changes (5, 6, 90) while pleocytosis and/or positive OCB occur in most cases of AIE with NMDAR antibodies (4, 103).

Thus, it is conceivable that each antibody-defined AIE subtype has characteristic CSF findings that reflect its immune pathophysiology. To generate data that support this hypothesis, we performed a systematic evaluation of the CSF findings in published cases with 10 different types of AIE associated with well-defined antineuronal antibodies. In total, we combined the results of 1,305 patients for the presence of pleocytosis, while information about the CSF protein and especially OCB was less often available (Table 1). In addition, only in a minority of patients with individual results, data for all the three CSF parameters were reported. The fact that the exact CSF cell count or CSF protein level were more likely to be reported when abnormal introduced prominent bias and led us to analyze pathological CSF cell count and protein values only to prevent a distortion of our analysis due to differential reporting of normal values among the 10 AIE subtypes. Moreover, the normal values for cell count and CSF protein, as probably the techniques for the determination, slightly differed. In addition, in none of the reports CSF erythrocyte count, which may artificially increase CSF cell count, was reported. Finally, information about the time point of the reported CSF analysis with regard to disease onset or potential immunosuppressive medication administered beforehand was not available in the vast majority of patients. Thus, our results have to interpreted with caution.

Our group analysis indicates that in addition to AIE with NMDAR antibodies also the much rarer AIE subtypes with GABABR and AMPAR and maybe DPPX antibodies not only frequently show CSF pleocytosis but also positive OCB. In contrast, diseases associated with LGI1, IgLON5, CASPR2, and GlyR antibodies rarely show positive OCB as well as pleocytosis. Of note, in these AIE subtypes cell counts when pleocytosis is present, with exception of GlyR, where only a limited number of patients was published, are relatively low compared to AIEs with NMDAR, AMPAR, and GABABR antibodies. These findings were corroborated by our analysis of the typical patterns of individual patients with all three parameters. Thus, it can be expected that AIEs with NMDAR, AMPAR, GABABR, and DPPX antibodies in most cases will show inflammatory CSF changes supporting the diagnosis of an AIE before the results of a specific antibody testing are available, but this will not be the case in most patients with LGI1, IgLON5, CASPR2, and GlyR antibodies. Of note, of the two basal CSF findings to unequivocally prove an inflammatory process, CSF pleocytosis and isolated OCB in the CSF, currently only pleocytosis is included as a criterium for the diagnostic category of possible AIE and definitive limbic encephalitis of autoimmune origin, while for category of possible NMDAR encephalitides both pleocytosis and OCB are considered (3). Correspondingly, with few exceptions in patients with NMDAR-antibody associated AIE with OCB only, pleocytosis was always detected when CSF was OCB-positive in AIE with AMPAR and NMDAR antibodies. However, isolated OCB without pleocytosis were present in patients with LGI1, IgLON5, GlyR, and most prominently with GAD antibodies. Thus, we are not convinced that OCB positivity should be weighted differently than pleocytosis in the diagnostic work-up of suspected AIE. Although, it was estimated that positive OCB occur with a frequency <5% in the healthy individuals (122) and thus their specificity for an active and symptomatic inflammatory process is <100%, the same can be assumed for mild CSF pleocytosis as slightly increased CSF cell counts nowadays might be a consequence of an automated cell count, which frequently overestimates low CSF cell counts (123), although pleocytosis is exceptionally rare in patients with neurodegenerative disease when CSF cell are counted manually (124). In addition, both parameters cross-validate each other when positive.

In general, in AIE subtypes with frequent definitively inflammatory CSF changes, pleocytosis, and/or OCB, increased CSF protein levels reportedly also occurred more frequently and vice versa. Of note, there are two notable exceptions of this rule. Firstly, GAD antibody-associated diseases prominently show a disproportionately high frequency of positive OCB, while CSF pleocytosis or elevated protein are exceptionally rare. Secondly, patients with IgLON5 antibodies might be characterized by rather frequent and high elevations of CSF protein in the absence of pleocytosis and positive OCB. Of note, IgLON5 antibody-associated encephalopathy differs from both AIE subtypes with rare and frequent inflammatory CSF changes by its poor response to immunosuppression (73).

In our analysis, CASPR2 antibody-associated AIE showed an intermediate to low frequency of pleocytosis and OCB. Of note, for this AIE, different subtypes have been described: limbic encephalitis associated with high CASPR2 antibodies in CSF, Morvan's syndrome (MoS) with low anti-Caspr2 antibodies in serum only, and finally cerebellar ataxia (23, 27). However, CSF findings of MoS are not included in our CASPR2 antibody-positive cohort, as these were without exception reported grouped with either CSF findings of LGI1 antibody-positive patients (125) or patients with peripheral hyperexcitability only (23).

GABAAR antibodies have been reported in a variety of neurological diseases, even in patients finally diagnosed to suffer from a hereditary disease (39, 42). However, a specific AIE subtype presenting as a rather acute and severe encephalopathic syndrome with multifocal T2 hyperintensities upon MRI as well as severe epilepsy is characterized by detection of anti-GABAAR antibodies in both serum and CSF (40). We focused our analysis on patients with positive CSF antibodies. Although, the number of patients was limited, our analysis indicates that although pleocytosis is only observed in a minority of patients, cell counts frequently exceed of >20 cells/μl when elevated. Further studies have to investigate the clinical relevance of this finding.

Autoimmune encephalitides (AIE) associated with NMDAR antibodies is the most frequent AIE subtype (121), preferentially occurs at younger age (4) and, in our analysis, is almost always associated with inflammatory CSF changes, while AIE associated with LGI1 antibodies, which might be the second most common form with an annual incidence of more that 1:1 million (6) and typically occurs at older age and in males (5), rarely shows inflammatory CSF changes. Taken together, this strongly supports the hypothesis that inflammatory CSF changes might have a much higher discriminatory power to tell AIE from schizophrenia within the second or third decade of life, especially in females, than delirium or rapid progressive dementia from AIE in late life, especially in males. Of note, our findings underscore a recent report of antibody-associated neurological syndromes without signs of inflammation in the elderly (119).

The assumption that different immunological processes underlie the AIE subtypes is corroborated by the pre-dominant IgG subclasses reportedly involved (1). While the most prevalent antigen-specific IgG subclass is IgG4 in AIEs associated with IgLON5 (73), CASPR2 (24), LGI1 (126) an DPPX antibodies (1), in AIEs with GABABR, NDMAR, and AMPAR antibodies these were classified as pre-dominantly IgG1 (1). However, in line with IgG1-dependent complement fixation in AIE with LGI1 antibodies (127, 128), this subclass might be additionally important in this AIE subtype (126). AIEs with AMPAR and NMDAR antibodies, in our analysis with highly similar CSF findings, also share the pathogenic mechanism, receptor internalization rather than complement fixation (129–131).

AIE subtypes reportedly characterized by antigen-specific IgG1 reportedly are more likely to be paraneoplastic than those where antigen-specific IgG4 prevails (1). Combining these categorizations with the results of our analysis allows the hypothesis that a pathophysiology more likely to be paraneoplastic and driven by antigen-specific antibodies of the IgG1 subclass might be associated with robust and frequent inflammatory CSF findings, while non-paraneoplastic AIE subtypes with IgG4 as pre-dominant antigen-specific antibody rarely show an inflammatory CSF. GAD antibody-associated AIEs do not fit into this scheme. However, GAD is an intracellular antigen and thus cytotoxic T cells might play a prominent role in GAD antibody-associated AIE (127), as demonstrated for diabetes type 1 associated with GAD antibodies (132), a related and often co-existing disease. GAD antibody-associated CNS diseases are characterized by a much more chronic course compared to the other AIE subtypes (57). Correspondingly, we show that the typical pattern of CSF changes in GAD antibody-associated CNS disease is very different from all other AIE subtypes due to the pre-dominance of positive OCB while pleocytosis and increased CSF protein are rare.

In summary, our findings suggest that different antibody-defined AIE subtypes are associated with characteristic CSF findings. Rather non-paraneoplastic and IgG4 pre-dominant disease subtypes tend to have less CSF inflammatory activity compared to diseases with IgG1 pre-dominance, which more frequently are paraneoplastic. AIE with NMDAR antibodies is the most frequent AIE subtype at younger age and almost always associated with inflammatory CSF findings while anti-LGI1 AIE, the most frequent AIE subtype in the elderly, in the majority of patients CSF is normal. We thus conclude that in suspected AIE in the elderly, normal basic CSF findings should not lead to the decision against testing for antineuronal antibodies. As this assumption is based on a retrospective review of the literature, they have to be confirmed prospectively diagnosed patients.

DATA AVAILABILITY

Publicly available datasets were analyzed in this study. This data can be found here: https://www.ncbi.nlm.nih.gov/pubmed/.

AUTHOR CONTRIBUTIONS

TB performed the literature research, extracted the data and did the analysis, and critically revised the manuscript. JL envisioned the concept of the analysis, supervised data acquisition, and wrote the manuscript.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2019.00804/full#supplementary-material

REFERENCES

 1. Dalmau J, Graus F. Antibody-mediated encephalitis. N Engl J Med. (2018) 378:840–51. doi: 10.1056/NEJMra1708712

 2. Titulaer MJ, McCracken L, Gabilondo I, Armangue T, Glaser C, Iizuka T, et al. Treatment and prognostic factors for long-term outcome in patients with anti-NMDA receptor encephalitis: an observational cohort study. Lancet Neurol. (2013) 12:157–65. doi: 10.1016/S1474-4422(12)70310-1

 3. Graus F, Titulaer MJ, Balu R, Benseler S, Bien CG, Cellucci T, et al. A clinical approach to diagnosis of autoimmune encephalitis. Lancet Neurol. (2016) 15:391–404. doi: 10.1016/S1474-4422(15)00401-9

 4. Dalmau J, Gleichman AJ, Hughes EG, Rossi JE, Peng X, Lai M, et al. Anti-NMDA-receptor encephalitis: case series and analysis of the effects of antibodies. Lancet Neurol. (2008) 7:1091–8. doi: 10.1016/S1474-4422(08)70224-2

 5. Lai M, Huijbers MG, Lancaster E, Graus F, Bataller L, Balice-Gordon R, et al. Investigation of LGI1 as the antigen in limbic encephalitis previously attributed to potassium channels: a case series. Lancet Neurol. (2010) 9:776–85. doi: 10.1016/S1474-4422(10)70137-X

 6. van Sonderen A, Thijs RD, Coenders EC, Jiskoot LC, Sanchez E, de Bruijn MA, et al. Anti-LGI1 encephalitis: clinical syndrome and long-term follow-up. Neurology. (2016) 87:1449–56. doi: 10.1212/WNL.0000000000003173

 7. Lai M, Hughes EG, Peng X, Zhou L, Gleichman AJ, Shu H, et al. AMPA receptor antibodies in limbic encephalitis alter synaptic receptor location. Ann Neurol. (2009) 65:424–34. doi: 10.1002/ana.21589

 8. Bataller L, Galiano R, Garcia-Escrig M, Martinez B, Sevilla T, Blasco R, et al. Reversible paraneoplastic limbic encephalitis associated with antibodies to the AMPA receptor. Neurology. (2010) 74:265–7. doi: 10.1212/WNL.0b013e3181cb3e52

 9. Graus F, Boronat A, Xifro X, Boix M, Svigelj V, Garcia A, et al. The expanding clinical profile of anti-AMPA receptor encephalitis. Neurology. (2010) 74:857–9. doi: 10.1212/WNL.0b013e3181d3e404

 10. Wei YC, Liu CH, Lin JJ, Lin KJ, Huang KL, Lee TH, et al. Rapid progression and brain atrophy in anti-AMPA receptor encephalitis. J Neuroimmunol. (2013) 261:129–33. doi: 10.1016/j.jneuroim.2013.05.011

 11. Spatola M, Stojanova V, Prior JO, Dalmau J, Rossetti AO. Serial brain (1)(8)FDG-PET in anti-AMPA receptor limbic encephalitis. J Neuroimmunol. (2014) 271:53–5. doi: 10.1016/j.jneuroim.2014.04.002

 12. Dogan Onugoren M, Deuretzbacher D, Haensch CA, Hagedorn HJ, Halve S, Isenmann S, et al. Limbic encephalitis due to GABAB and AMPA receptor antibodies: a case series. J Neurol Neurosurg Psychiatry. (2015) 86:965–72. doi: 10.1136/jnnp-2014-308814

 13. Hoftberger R, van Sonderen A, Leypoldt F, Houghton D, Geschwind M, Gelfand J, et al. Encephalitis and AMPA receptor antibodies: novel findings in a case series of 22 patients. Neurology. (2015) 84:2403–12. doi: 10.1212/WNL.0000000000001682

 14. Joubert B, Kerschen P, Zekeridou A, Desestret V, Rogemond V, Chaffois MO, et al. Clinical spectrum of encephalitis associated with antibodies against the alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor: case series and review of the literature. JAMA Neurol. (2015) 72:1163–9. doi: 10.1001/jamaneurol.2015.1715

 15. Kaneko J, Kanazawa N, Tominaga N, Kaneko A, Suga H, Usui R, et al. Practical issues in measuring autoantibodies to neuronal cell-surface antigens in autoimmune neurological disorders: 190 cases. J Neurol Sci. (2018) 390:26–32. doi: 10.1016/j.jns.2018.04.009

 16. Kortvelyessy P, Pruss H, Thurner L, Maetzler W, Vittore-Welliong D, Schultze-Amberger J, et al. Biomarkers of neurodegeneration in autoimmune-mediated encephalitis. Front Neurol. (2018) 9:668. doi: 10.3389/fneur.2018.00668

 17. Lancaster E, Huijbers MG, Bar V, Boronat A, Wong A, Martinez-Hernandez E, et al. Investigations of caspr2, an autoantigen of encephalitis and neuromyotonia. Ann Neurol. (2011) 69:303–11. doi: 10.1002/ana.22297

 18. Becker EB, Zuliani L, Pettingill R, Lang B, Waters P, Dulneva A, et al. Contactin-associated protein-2 antibodies in non-paraneoplastic cerebellar ataxia. J Neurol Neurosurg Psychiatry. (2012) 83:437–40. doi: 10.1136/jnnp-2011-301506

 19. Quek AM, Britton JW, McKeon A, So E, Lennon VA, Shin C, et al. Autoimmune epilepsy: clinical characteristics and response to immunotherapy. Arch Neurol. (2012) 69:582–93. doi: 10.1001/archneurol.2011.2985

 20. Malter MP, Frisch C, Schoene-Bake JC, Helmstaedter C, Wandinger KP, Stoecker W, et al. Outcome of limbic encephalitis with VGKC-complex antibodies: relation to antigenic specificity. J Neurol. (2014) 261:1695–705. doi: 10.1007/s00415-014-7408-6

 21. Huda S, Wong SH, Pettingill P, O'Connell D, Vincent A, Steiger M. An 11-year retrospective experience of antibodies against the voltage-gated potassium channel (VGKC) complex from a tertiary neurological centre. J Neurol. (2015) 262:418–24. doi: 10.1007/s00415-014-7588-0

 22. Dogan Onugoren M, Golombeck KS, Bien C, Abu-Tair M, Brand M, Bulla-Hellwig M, et al. Immunoadsorption therapy in autoimmune encephalitides. Neurol Neuroimmunol Neuroinflamm. (2016) 3:e207. doi: 10.1212/NXI.0000000000000207

 23. Joubert B, Saint-Martin M, Noraz N, Picard G, Rogemond V, Ducray F, et al. Characterization of a subtype of autoimmune encephalitis with anti-contactin-associated protein-like 2 antibodies in the cerebrospinal fluid, prominent limbic symptoms, and seizures. JAMA Neurol. (2016) 73:1115–24. doi: 10.1001/jamaneurol.2016.1585

 24. van Sonderen A, Arino H, Petit-Pedrol M, Leypoldt F, Kortvelyessy P, Wandinger KP, et al. The clinical spectrum of Caspr2 antibody-associated disease. Neurology. (2016) 87:521–8. doi: 10.1212/WNL.0000000000002917

 25. Bien CG, Mirzadjanova Z, Baumgartner C, Onugoren MD, Grunwald T, Holtkamp M, et al. Anti-contactin-associated protein-2 encephalitis: relevance of antibody titres, presentation and outcome. Eur J Neurol. (2017) 24:175–86. doi: 10.1111/ene.13180

 26. Brown MP, Hissaria P, Hsieh AH, Kneebone C, Vallat W. Autoimmune limbic encephalitis with anti-contactin-associated protein-like 2 antibody secondary to pembrolizumab therapy. J Neuroimmunol. (2017) 305:16–8. doi: 10.1016/j.jneuroim.2016.12.016

 27. Joubert B, Gobert F, Thomas L, Saint-Martin M, Desestret V, Convers P, et al. Autoimmune episodic ataxia in patients with anti-CASPR2 antibody-associated encephalitis. Neurol Neuroimmunol Neuroinflamm. (2017) 4:e371. doi: 10.1212/NXI.0000000000000371

 28. von Podewils F, Suesse M, Geithner J, Gaida B, Wang ZI, Lange J, et al. Prevalence and outcome of late-onset seizures due to autoimmune etiology: a prospective observational population-based cohort study. Epilepsia. (2017) 58:1542–50. doi: 10.1111/epi.13834

 29. Kannoth S, Nambiar V, Gopinath S, Anandakuttan A, Mathai A, Rajan PK. Expanding spectrum of contactin-associated protein 2 (CASPR2) autoimmunity-syndrome of parkinsonism and ataxia. Neurol Sci. (2018) 39:455–60. doi: 10.1007/s10072-017-3222-0

 30. Yeo T, Chen Z, Yong KP, Wong PYW, Chai JYH, Tan K. Distinction between anti-VGKC-complex seropositive patients with and without anti-LGI1/CASPR2 antibodies. J Neurol Sci. (2018) 391:64–71. doi: 10.1016/j.jns.2018.05.020

 31. Boronat A, Gelfand JM, Gresa-Arribas N, Jeong HY, Walsh M, Roberts K, et al. Encephalitis and antibodies to dipeptidyl-peptidase-like protein-6, a subunit of Kv4.2 potassium channels. Ann Neurol. (2013) 73:120–8. doi: 10.1002/ana.23756

 32. Balint B, Jarius S, Nagel S, Haberkorn U, Probst C, Blocker IM, et al. Progressive encephalomyelitis with rigidity and myoclonus: a new variant with DPPX antibodies. Neurology. (2014) 82:1521–8. doi: 10.1212/WNL.0000000000000372

 33. Tobin WO, Lennon VA, Komorowski L, Probst C, Clardy SL, Aksamit AJ, et al. DPPX potassium channel antibody: frequency, clinical accompaniments, and outcomes in 20 patients. Neurology. (2014) 83:1797–803. doi: 10.1212/WNL.0000000000000991

 34. Piepgras J, Holtje M, Michel K, Li Q, Otto C, Drenckhahn C, et al. Anti-DPPX encephalitis: pathogenic effects of antibodies on gut and brain neurons. Neurology. (2015) 85:890–7. doi: 10.1212/WNL.0000000000001907

 35. Stoeck K, Carstens PO, Jarius S, Raddatz D, Stocker W, Wildemann B, et al. Prednisolone and azathioprine are effective in DPPX antibody-positive autoimmune encephalitis. Neurol Neuroimmunol Neuroinflamm. (2015) 2:e86. doi: 10.1212/NXI.0000000000000086

 36. Stokin GB, Popovic M, Gelpi E, Kogoj A, Dalmau J, Graus F. Neuropathologic features of anti-dipeptidyl-peptidase-like protein-6 antibody encephalitis. Neurology. (2015) 84:430–2. doi: 10.1212/WNL.0000000000001183

 37. Hara M, Arino H, Petit-Pedrol M, Sabater L, Titulaer MJ, Martinez-Hernandez E, et al. DPPX antibody-associated encephalitis: main syndrome and antibody effects. Neurology. (2017) 88:1340–8. doi: 10.1212/WNL.0000000000003796

 38. Wijntjes J, Bechakra M, Schreurs MWJ, Jongen JLM, Koppenaal A, Titulaer MJ. Pruritus in anti-DPPX encephalitis. Neurol Neuroimmunol Neuroinflamm. (2018) 5:e455. doi: 10.1212/NXI.0000000000000455

 39. Petit-Pedrol M, Armangue T, Peng X, Bataller L, Cellucci T, Davis R, et al. Encephalitis with refractory seizures, status epilepticus, and antibodies to the GABAA receptor: a case series, characterisation of the antigen, and analysis of the effects of antibodies. Lancet Neurol. (2014) 13:276–86. doi: 10.1016/S1474-4422(13)70299-0

 40. Spatola M, Petit-Pedrol M, Simabukuro MM, Armangue T, Castro FJ, Barcelo Artigues MI, et al. Investigations in GABAA receptor antibody-associated encephalitis. Neurology. (2017) 88:1012–20. doi: 10.1212/WNL.0000000000003713

 41. Caputo D, Iorio R, Vigevano F, Fusco L. Febrile infection-related epilepsy syndrome (FIRES) with super-refractory status epilepticus revealing autoimmune encephalitis due to GABAAR antibodies. Eur J Paediatr Neurol. (2018) 22:182–5. doi: 10.1016/j.ejpn.2017.11.005

 42. Pettingill P, Kramer HB, Coebergh JA, Pettingill R, Maxwell S, Nibber A, et al. Antibodies to GABAA receptor alpha1 and gamma2 subunits: clinical and serologic characterization. Neurology. (2015) 84:1233–41. doi: 10.1212/WNL.0000000000001326

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

 44. Boronat A, Sabater L, Saiz A, Dalmau J, Graus F. GABA(B) receptor antibodies in limbic encephalitis and anti-GAD-associated neurologic disorders. Neurology. (2011) 76:795–800. doi: 10.1212/WNL.0b013e31820e7b8d

 45. Hoftberger R, Titulaer MJ, Sabater L, Dome B, Rozsas A, Hegedus B, et al. Encephalitis and GABAB receptor antibodies: novel findings in a new case series of 20 patients. Neurology. (2013) 81:1500–6. doi: 10.1212/WNL.0b013e3182a9585f

 46. Jeffery OJ, Lennon VA, Pittock SJ, Gregory JK, Britton JW, McKeon A. GABAB receptor autoantibody frequency in service serologic evaluation. Neurology. (2013) 81:882–7. doi: 10.1212/WNL.0b013e3182a35271

 47. DeFelipe-Mimbrera A, Masjuan J, Corral I, Villar LM, Graus F, Garcia-Barragan N. Opsoclonus-myoclonus syndrome and limbic encephalitis associated with GABAB receptor antibodies in CSF. J Neuroimmunol. (2014) 272:91–3. doi: 10.1016/j.jneuroim.2014.04.009

 48. Guan HZ, Ren HT, Yang XZ, Lu Q, Peng B, Zhu YC, et al. Limbic encephalitis associated with anti-gamma-aminobutyric acid B receptor antibodies: a case series from China. Chin Med J. (2015) 128:3023–8. doi: 10.4103/0366-6999.168989

 49. Golombeck KS, Bonte K, Monig C, van Loo KM, Hartwig M, Schwindt W, et al. Evidence of a pathogenic role for CD8(+) T cells in anti-GABAB receptor limbic encephalitis. Neurol Neuroimmunol Neuroinflamm. (2016) 3:e232. doi: 10.1212/NXI.0000000000000232

 50. Chen X, Liu F, Li JM, Xie XQ, Wang Q, Zhou D, et al. Encephalitis with antibodies against the GABAB receptor: seizures as the most common presentation at admission. Neurol Res. (2017) 39:973–80. doi: 10.1080/01616412.2017.1351062

 51. Cui J, Bu H, He J, Zhao Z, Han W, Gao R, et al. The gamma-aminobutyric acid-B receptor (GABAB) encephalitis: clinical manifestations and response to immunotherapy. Int J Neurosci. 128:627–33. doi: 10.1080/00207454.2017.1408618

 52. Hao Q, Wang D, Guo L, Zhang B. Clinical characterization of autoimmune encephalitis and psychosis. Compr Psychiatry. (2017) 74:9–14. doi: 10.1016/j.comppsych.2016.12.006

 53. Qiao S, Zhang YX, Zhang BJ, Lu RY, Lai QL, Chen LH, et al. Clinical, imaging, and follow-up observations of patients with anti-GABAB receptor encephalitis. Int J Neurosci. (2017) 127:379–85. doi: 10.1080/00207454.2016.1176922

 54. Shen K, Xu Y, Guan H, Zhong W, Chen M, Zhao J, et al. Paraneoplastic limbic encephalitis associated with lung cancer. Sci Rep. (2018) 8:6792. doi: 10.1038/s41598-018-25294-y

 55. Peltola J, Kulmala P, Isojarvi J, Saiz A, Latvala K, Palmio J, et al. Autoantibodies to glutamic acid decarboxylase in patients with therapy-resistant epilepsy. Neurology. (2000) 55:46–50. doi: 10.1212/wnl.55.1.46

 56. Honnorat J, Saiz A, Giometto B, Vincent A, Brieva L, de Andres C, et al. Cerebellar ataxia with anti-glutamic acid decarboxylase antibodies: study of 14 patients. Arch Neurol. (2001) 58:225–30. doi: 10.1001/archneur.58.2.225

 57. Saiz A, Blanco Y, Sabater L, Gonzalez F, Bataller L, Casamitjana R, et al. Spectrum of neurological syndromes associated with glutamic acid decarboxylase antibodies: diagnostic clues for this association. Brain. (2008) 131:2553–63. doi: 10.1093/brain/awn183

 58. Jarius S, Stich O, Speck J, Rasiah C, Wildemann B, Meinck HM, et al. Qualitative and quantitative evidence of anti-glutamic acid decarboxylase-specific intrathecal antibody synthesis in patients with stiff person syndrome. J Neuroimmunol. (2010) 229:219–24. doi: 10.1016/j.jneuroim.2010.07.019

 59. Malter MP, Helmstaedter C, Urbach H, Vincent A, Bien CG. Antibodies to glutamic acid decarboxylase define a form of limbic encephalitis. Ann Neurol. (2010) 67:470–8. doi: 10.1002/ana.21917

 60. Falip M, Carreno M, Miro J, Saiz A, Villanueva V, Quilez A, et al. Prevalence and immunological spectrum of temporal lobe epilepsy with glutamic acid decarboxylase antibodies. Eur J Neurol. (2012) 19:827–33. doi: 10.1111/j.1468-1331.2011.03609.x

 61. Dalakas MC. Progress and stiff challenges in understanding the role of GAD-antibodies in stiff-person syndrome. Exp Neurol. (2013) 247:303–7. doi: 10.1016/j.expneurol.2013.02.010

 62. Malter MP, Elger CE, Surges R. Diagnostic value of CSF findings in antibody-associated limbic and anti-NMDAR-encephalitis. Seizure. (2013) 22:136–40. doi: 10.1016/j.seizure.2012.12.013

 63. Arino H, Gresa-Arribas N, Blanco Y, Martinez-Hernandez E, Sabater L, Petit-Pedrol M, et al. Cerebellar ataxia and glutamic acid decarboxylase antibodies: immunologic profile and long-term effect of immunotherapy. JAMA Neurol. (2014) 71:1009–16. doi: 10.1001/jamaneurol.2014.1011

 64. Gresa-Arribas N, Titulaer MJ, Torrents A, Aguilar E, McCracken L, Leypoldt F, et al. Antibody titres at diagnosis and during follow-up of anti-NMDA receptor encephalitis: a retrospective study. Lancet Neurol. (2014) 13:167–77. doi: 10.1016/S1474-4422(13)70282-5

 65. Lilleker JB, Biswas V, Mohanraj R. Glutamic acid decarboxylase (GAD) antibodies in epilepsy: diagnostic yield and therapeutic implications. Seizure. (2014) 23:598–602. doi: 10.1016/j.seizure.2014.04.009

 66. Planche V, Marques A, Ulla M, Ruivard M, Durif F. Intravenous immunoglobulin and rituximab for cerebellar ataxia with glutamic acid decarboxylase autoantibodies. Cerebellum. (2014) 13:318–22. doi: 10.1007/s12311-013-0534-3

 67. Nakajima H, Nakamura Y, Inaba Y, Tsutsumi C, Unoda K, Hosokawa T, et al. Neurologic disorders associated with anti-glutamic acid decarboxylase antibodies: a comparison of anti-GAD antibody titers and time-dependent changes between neurologic disease and type I diabetes mellitus. J Neuroimmunol. (2018) 317:84–9. doi: 10.1016/j.jneuroim.2018.01.007

 68. Mas N, Saiz A, Leite MI, Waters P, Baron M, Castano D, et al. Antiglycine-receptor encephalomyelitis with rigidity. J Neurol Neurosurg Psychiatry. (2011) 82:1399–401. doi: 10.1136/jnnp.2010.229104

 69. McKeon A, Martinez-Hernandez E, Lancaster E, Matsumoto JY, Harvey RJ, McEvoy KM, et al. Glycine receptor autoimmune spectrum with stiff-man syndrome phenotype. JAMA Neurol. (2013) 70:44–50. doi: 10.1001/jamaneurol.2013.574

 70. Carvajal-Gonzalez A, Leite MI, Waters P, Woodhall M, Coutinho E, Balint B, et al. Glycine receptor antibodies in PERM and related syndromes: characteristics, clinical features and outcomes. Brain. (2014) 137:2178–92. doi: 10.1093/brain/awu142

 71. Hinson SR, Lopez-Chiriboga AS, Bower JH, Matsumoto JY, Hassan A, Basal E, et al. Glycine receptor modulating antibody predicting treatable stiff-person spectrum disorders. Neurol Neuroimmunol Neuroinflamm. (2018) 5:e438. doi: 10.1212/NXI.0000000000000438

 72. Swayne A, Tjoa L, Broadley S, Dionisio S, Gillis D, Jacobson L, et al. Antiglycine receptor antibody related disease: a case series and literature review. Eur J Neurol. (2018) 25:1290–8. doi: 10.1111/ene.13721

 73. Sabater L, Gaig C, Gelpi E, Bataller L, Lewerenz J, Torres-Vega E, et al. A novel non-rapid-eye movement and rapid-eye-movement parasomnia with sleep breathing disorder associated with antibodies to IgLON5: a case series, characterisation of the antigen, and post-mortem study. Lancet Neurol. (2014) 13:575–86. doi: 10.1016/S1474-4422(14)70051-1

 74. Simabukuro MM, Sabater L, Adoni T, Cury RG, Haddad MS, Moreira CH, et al. Sleep disorder, chorea, and dementia associated with IgLON5 antibodies. Neurol Neuroimmunol Neuroinflamm. (2015) 2:e136. doi: 10.1212/NXI.0000000000000136

 75. Bonello M, Jacob A, Ellul MA, Barker E, Parker R, Jefferson S, et al. IgLON5 disease responsive to immunotherapy. Neurol Neuroimmunol Neuroinflamm. (2017) 4:e383. doi: 10.1212/NXI.0000000000000383

 76. Gaig C, Graus F, Compta Y, Hogl B, Bataller L, Bruggemann N, et al. Clinical manifestations of the anti-IgLON5 disease. Neurology. (2017) 88:1736–43. doi: 10.1212/WNL.0000000000003887

 77. Haitao R, Huiqin L, Tao Q, Xunzhe Y, Xiaoqiu S, Wei L, et al. Autoimmune encephalitis associated with vitiligo? J Neuroimmunol. (2017) 310:14–6. doi: 10.1016/j.jneuroim.2017.05.019

 78. Honorat JA, Komorowski L, Josephs KA, Fechner K, St. Louis EK, Hinson SR, et al. IgLON5 antibody: Neurological accompaniments and outcomes in 20 patients. Neurol Neuroimmunol Neuroinflamm. (2017) 4:e385. doi: 10.1212/NXI.0000000000000385

 79. Schroder JB, Melzer N, Ruck T, Heidbreder A, Kleffner I, Dittrich R, et al. Isolated dysphagia as initial sign of anti-IgLON5 syndrome. Neurol Neuroimmunol Neuroinflamm. (2017) 4:e302. doi: 10.1212/NXI.0000000000000302

 80. Montagna M, Amir R, De Volder I, Lammens M, Huyskens J, Willekens B. IgLON5-associated encephalitis with atypical brain magnetic resonance imaging and cerebrospinal fluid changes. Front Neurol. (2018) 9:329. doi: 10.3389/fneur.2018.00329

 81. Morales-Briceno H, Cruse B, Fois AF, Lin MW, Jiang J, Banerjee D, et al. IgLON5-mediated neurodegeneration is a differential diagnosis of CNS Whipple disease. Neurology. (2018) 90:1113–5. doi: 10.1212/WNL.0000000000005679

 82. Moreno-Estebanez A, Garcia-Ormaechea M, Tijero B, Fernandez-Valle T, Gomez-Esteban JC, Berganzo K. Anti-IgLON5 disease responsive to immunotherapy: a case report with an abnormal MRI. Mov Disord Clin Pract. (2018) 5:653–6. doi: 10.1002/mdc3.12679

 83. Ramanan VK, Crum BA, McKeon A. Subacute encephalitis with recovery in IgLON5 autoimmunity. Neurol Neuroimmunol Neuroinflamm. (2018) 5:e485. doi: 10.1212/NXI.0000000000000485

 84. Schoberl F, Levin J, Remi J, Goldschagg N, Eren O, Okamura N, et al. IgLON5: A case with predominant cerebellar tau deposits and leptomeningeal inflammation. Neurology. (2018) 91:180–2. doi: 10.1212/WNL.0000000000005859

 85. Tao QQ, Wei Q, Song SJ, Yin XZ. Motor neuron disease-like phenotype associated with anti-IgLON5 disease. CNS Neurosci Ther. (2018) 24:1305–8. doi: 10.1111/cns.13038

 86. Vetter E, Olmes DG, Linker R, Seifert F. Teaching video neuroimages: facial myokymia and myorhythmia in anti-IgLON5 disease: the bitten lip. Neurology. (2018) 91:e1659. doi: 10.1212/WNL.0000000000006388

 87. Shin YW, Lee ST, Shin JW, Moon J, Lim JA, Byun JI, et al. VGKC-complex/LGI1-antibody encephalitis: clinical manifestations and response to immunotherapy. J Neuroimmunol. (2013) 265:75–81. doi: 10.1016/j.jneuroim.2013.10.005

 88. Ramanathan S, Bleasel A, Parratt J, Orr C, Dale RC, Vincent A, et al. Characterisation of a syndrome of autoimmune adult onset focal epilepsy and encephalitis. J Clin Neurosci. (2014) 21:1169–75. doi: 10.1016/j.jocn.2013.09.024

 89. Wegner F, Wilke F, Raab P, Tayeb SB, Boeck AL, Haense C, et al. Anti-leucine rich glioma inactivated 1 protein and anti-N-methyl-D-aspartate receptor encephalitis show distinct patterns of brain glucose metabolism in 18F-fluoro-2-deoxy-d-glucose positron emission tomography. BMC Neurol. (2014) 14:136. doi: 10.1186/1471-2377-14-136

 90. Arino H, Armangue T, Petit-Pedrol M, Sabater L, Martinez-Hernandez E, Hara M, et al. Anti-LGI1-associated cognitive impairment: Presentation and long-term outcome. Neurology. (2016) 87:759–65. doi: 10.1212/WNL.0000000000003009

 91. Gao L, Liu A, Zhan S, Wang L, Li L, Guan L, et al. Clinical characterization of autoimmune LGI1 antibody limbic encephalitis. Epilepsy Behav. (2016) 56:165–9. doi: 10.1016/j.yebeh.2015.12.041

 92. Li Z, Cui T, Shi W, Wang Q. Clinical analysis of leucine-rich glioma inactivated-1 protein antibody associated with limbic encephalitis onset with seizures. Medicine. (2016) 95:e4244. doi: 10.1097/MD.0000000000004244

 93. Li W, Wu S, Meng Q, Zhang X, Guo Y, Cong L, et al. Clinical characteristics and short-term prognosis of LGI1 antibody encephalitis: a retrospective case study. BMC Neurol. (2018) 18:96. doi: 10.1186/s12883-018-1099-z

 94. Navarro V, Kas A, Apartis E, Chami L, Rogemond V, Levy P, et al. Motor cortex and hippocampus are the two main cortical targets in LGI1-antibody encephalitis. Brain. (2016) 139:1079–93. doi: 10.1093/brain/aww012

 95. Steriade C, Mirsattari SM, Murray BJ, Wennberg R. Subclinical temporal EEG seizure pattern in LGI1-antibody-mediated encephalitis. Epilepsia. (2016) 57:e155–60. doi: 10.1111/epi.13436

 96. Yu J, Yu X, Fang S, Zhang Y, Lin W. The treatment and follow-up of anti-LGI1 limbic encephalitis. Eur Neurol. (2016) 75:5–11. doi: 10.1159/000441944

 97. Celicanin M, Blaabjerg M, Maersk-Moller C, Beniczky S, Marner L, Thomsen C, et al. Autoimmune encephalitis associated with voltage-gated potassium channels-complex and leucine-rich glioma-inactivated 1 antibodies - a national cohort study. Eur J Neurol. (2017) 24:999–1005. doi: 10.1111/ene.13324

 98. Jang Y, Lee ST, Bae JY, Kim TJ, Jun JS, Moon J, et al. LGI1 expression and human brain asymmetry: insights from patients with LGI1-antibody encephalitis. J Neuroinflammation. (2018) 15:279. doi: 10.1186/s12974-018-1314-2

 99. Wang D, Hao Q, He L, He L, Wang Q. LGI1 antibody encephalitis–detailed clinical, laboratory and radiological description of 13 cases in China. Compr Psychiatry. (2018) 81:18–21. doi: 10.1016/j.comppsych.2017.11.002

 100. Zhao PP, Zhang Y, Gao L, Sun L. Assessing the clinical features of LGI1 antibody encephalitis. Acta Neurol Belg. (2016) 116:109–12. doi: 10.1007/s13760-015-0517-x

 101. Niehusmann P, Dalmau J, Rudlowski C, Vincent A, Elger CE, Rossi JE, et al. Diagnostic value of N-methyl-D-aspartate receptor antibodies in women with new-onset epilepsy. Arch Neurol. (2009) 66:458–64. doi: 10.1001/archneurol.2009.5

 102. Florance NR, Davis RL, Lam C, Szperka C, Zhou L, Ahmad S, et al. Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis in children and adolescents. Ann Neurol. (2009) 66:11–8. doi: 10.1002/ana.21756

 103. Irani SR, Bera K, Waters P, Zuliani L, Maxwell S, Zandi MS, et al. N-methyl-D-aspartate antibody encephalitis: temporal progression of clinical and paraclinical observations in a predominantly non-paraneoplastic disorder of both sexes. Brain. (2010) 133:1655–67. [pii] doi: 10.1093/brain/awq113

 104. Pruss H, Dalmau J, Harms L, Holtje M, Ahnert-Hilger G, Borowski K, et al. Retrospective analysis of NMDA receptor antibodies in encephalitis of unknown origin. Neurology. (2010) 75:1735–9. doi: 10.1212/WNL.0b013e3181fc2a06

 105. Thomas L, Mailles A, Desestret V, Ducray F, Mathias E, Rogemond V, et al. Autoimmune N-methyl-D-aspartate receptor encephalitis is a differential diagnosis of infectious encephalitis. J Infect. (2014) 68:419–25. doi: 10.1016/j.jinf.2013.12.001

 106. Viaccoz A, Desestret V, Ducray F, Picard G, Cavillon G, Rogemond V, et al. Clinical specificities of adult male patients with NMDA receptor antibodies encephalitis. Neurology. (2014) 82:556–63. doi: 10.1212/WNL.0000000000000126

 107. Armangue T, Moris G, Cantarin-Extremera V, Conde CE, Rostasy K, Erro ME, et al. Autoimmune post-herpes simplex encephalitis of adults and teenagers. Neurology. (2015) 85:1736–43. doi: 10.1212/WNL.0000000000002125

 108. Suhs KW, Wegner F, Skripuletz T, Trebst C, Tayeb SB, Raab P, et al. Heterogeneity of clinical features and corresponding antibodies in seven patients with anti-NMDA receptor encephalitis. Exp Ther Med. (2015) 10:1283–92. doi: 10.3892/etm.2015.2689

 109. Wang R, Guan HZ, Ren HT, Wang W, Hong Z, Zhou D. CSF findings in patients with anti-N-methyl-D-aspartate receptor-encephalitis. Seizure. (2015) 29:137–42. doi: 10.1016/j.seizure.2015.04.005

 110. Chen X, Li JM, Liu F, Wang Q, Zhou D, Lai X. Anti-N-methyl-D-aspartate receptor encephalitis: a common cause of encephalitis in the intensive care unit. Neurol Sci. (2016) 37:1993–8. doi: 10.1007/s10072-016-2702-y

 111. Huang Q, Wu Y, Qin R, Wei X, Ma M. Clinical characteristics and outcomes between children and adults with anti-N-Methyl-D-Aspartate receptor encephalitis. J Neurol. (2016) 263:2446–55. doi: 10.1007/s00415-016-8282-1

 112. Linnoila JJ, Binnicker MJ, Majed M, Klein CJ, McKeon A. CSF herpes virus and autoantibody profiles in the evaluation of encephalitis. Neurol Neuroimmunol Neuroinflamm. (2016) 3:e245. doi: 10.1212/NXI.0000000000000245

 113. Wang W, Li JM, Hu FY, Wang R, Hong Z, He L, et al. Anti-NMDA receptor encephalitis: clinical characteristics, predictors of outcome and the knowledge gap in southwest China. Eur J Neurol. (2016) 23:621–9. doi: 10.1111/ene.12911

 114. Westman G, Studahl M, Ahlm C, Eriksson BM, Persson B, Ronnelid J, et al. N-methyl-d-aspartate receptor autoimmunity affects cognitive performance in herpes simplex encephalitis. Clin Microbiol Infect. (2016) 22:934–40. doi: 10.1016/j.cmi.2016.07.028

 115. Nguyen Thi Hoang M, Nguyen Hoan P, Le Van T, McBride A, Ho Dang Trung N, Tran Tan T, et al. First reported cases of anti-NMDA receptor encephalitis in Vietnamese adolescents and adults. J Neurol Sci. (2017) 373:250–3. doi: 10.1016/j.jns.2017.01.004

 116. Shu Y, Su Q, Liao S, Lu T, Li R, Sun X, et al. Low serum vitamin D levels and anti-N-methyl-d-aspartate receptor encephalitis: A case-control study. Neurochem Int. (2017) 102:89–94. doi: 10.1016/j.neuint.2016.11.002

 117. Alexopoulos H, Akrivou S, Mastroyanni S, Antonopoulou M, Dinopoulos A, Giorgi M, et al. Postherpes simplex encephalitis: a case series of viral-triggered autoimmunity, synaptic autoantibodies and response to therapy. Ther Adv Neurol Disord. (2018) 11:1756286418768778. doi: 10.1177/1756286418768778

 118. Tominaga N, Kanazawa N, Kaneko A, Kaneko J, Kitamura E, Nakagawa H, et al. Prodromal headache in anti-NMDAR encephalitis: an epiphenomenon of NMDAR autoimmunity. Brain Behav. (2018) 8:e01012. doi: 10.1002/brb3.1012

 119. Escudero D, Guasp M, Arino H, Gaig C, Martinez-Hernandez E, Dalmau J, et al. Antibody-associated CNS syndromes without signs of inflammation in the elderly. Neurology. (2017) 89:1471–75. doi: 10.1212/WNL.0000000000004541

 120. Mueller SH, Farber A, Pruss H, Melzer N, Golombeck KS, Kumpfel T, et al. Genetic predisposition in anti-LGI1 and anti-NMDA receptor encephalitis. Ann Neurol. (2018) 83:863–9. doi: 10.1002/ana.25216

 121. Granerod J, Ambrose HE, Davies NW, Clewley JP, Walsh AL, Morgan D, et al. Causes of encephalitis and differences in their clinical presentations in England: a multicentre, population-based prospective study. Lancet Infect Dis. (2010) 10:835–44. doi: 10.1016/S1473-3099(10)70222-X

 122. Haghighi S, Andersen O, Rosengren L, Bergstrom T, Wahlstrom J, Nilsson S. Incidence of CSF abnormalities in siblings of multiple sclerosis patients and unrelated controls. J Neurol. (2000) 247:616–22

 123. Kleine TO, Nebe CT, Lower C, Lehmitz R, Geilenkeuser WJ, Kruse R, et al. Evaluation of cell counting and leukocyte differentiation in cerebrospinal fluid controls using hematology analyzers by the German Society for Clinical Chemistry and Laboratory Medicine. Clin Chem Lab Med. (2010) 48:839–48. doi: 10.1515/CCLM.2010.168

 124. Jesse S, Brettschneider J, Sussmuth SD, Landwehrmeyer BG, von Arnim CA, Ludolph AC, et al. Summary of cerebrospinal fluid routine parameters in neurodegenerative diseases. J Neurol. (2011) 258:1034–41. doi: 10.1007/s00415-010-5876-x

 125. Irani SR, Pettingill P, Kleopa KA, Schiza N, Waters P, Mazia C, et al. Morvan syndrome: clinical and serological observations in 29 cases. Ann Neurol. (2012) 72:241–55. doi: 10.1002/ana.23577

 126. Gadoth A, Zekeridou A, Klein CJ, Thoreson CJ, Majed M, Dubey D, et al. Elevated LGI1-IgG CSF index predicts worse neurological outcome. Ann Clin Transl Neurol. (2018) 5:646–50. doi: 10.1002/acn3.561

 127. Bien CG, Vincent A, Barnett MH, Becker AJ, Blumcke I, Graus F, et al. Immunopathology of autoantibody-associated encephalitides: clues for pathogenesis. Brain. (2012) 135:1622–38. doi: 10.1093/brain/aws082

 128. Kuehn JC, Scheuerle A, Bauer J, Becker AJ, Wirtz R, Lewerenz J. A 64-yearold patient with a mesiotemporal mass and symptomatic epilepsy. Brain Pathol. (accepted for publication).

 129. Moscato EH, Peng X, Jain A, Parsons TD, Dalmau J, Balice-Gordon RJ. Acute mechanisms underlying antibody effects in anti-N-methyl-D-aspartate receptor encephalitis. Ann Neurol. (2014) 76:108–19. doi: 10.1002/ana.24195

 130. Peng X, Hughes EG, Moscato EH, Parsons TD, Dalmau J, Balice-Gordon RJ. Cellular plasticity induced by anti-alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptor encephalitis antibodies. Ann Neurol. (2015) 77:381–98. doi: 10.1002/ana.24293

 131. Haselmann H, Mannara F, Werner C, Planaguma J, Miguez-Cabello F, Schmidl L, et al. Human autoantibodies against the AMPA receptor subunit GluA2 induce receptor reorganization and memory dysfunction. Neuron. (2018) 100:91–105. e109. doi: 10.1016/j.neuron.2018.07.048

 132. Viglietta V, Kent SC, Orban T, Hafler DA. GAD65-reactive T cells are activated in patients with autoimmune type 1a diabetes. J Clin Invest. (2002) 109:895–903. doi: 10.1172/JCI14114

Conflict of Interest Statement: JL leads a laboratory where detection of the antibodies to diagnose autoimmune encephalitis is performed. He is a member of the scientific advisory board of the German Network for Research on Autoimmune encephalitides (GENERATE) and member of the executive board of the German Society for Cerebrospinal Fluid Diagnostics and Clinical Neurochemistry. He received funding from the BMBF for a project have covers the topic of autoimmune encephalitides.

The remaining author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2019 Blinder and Lewerenz. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fneur-10-00804-g005.gif
Cells vs. OCB. Protein vs. Cells.

«
>
Protein ncroased (%)
]
=]
e

0GB positve (%)

Protein vs. OCB

Pl

obaOme«rom

i

T a6 @
OCB positive (%)

=





OPS/images/fneur-10-00804-g006.gif
Combination of CSF findings.
B R T e
N R A
o
S Peos 1
= Py
e
@ ey
S ooy
Bt

G WONS GhR GO AMPAR NMOAR
Antibody target





OPS/images/fneur-10-00804-g003.gif
R AR

Antibody target Aoty toeget





OPS/images/fneur-10-00804-g004.gif
A Protein increased B Protein concentration when elevated

v of Pationts

GEGILYS PARGPAS

Anibody target ntbody wrget
° 8 positve
H
e
s
F s

R s

[





OPS/images/fneur-10-00804-t001.jpg
Anti-
body target

AMPAR
CASPR2
DPPX
GABAAR
GABAGR
GAD
GiyR
IgLONS
LGt
NMDAR
Sum

Age

51
103
39
24
130
192
7
52
361
486
1,606

Gender

50
100
39
24
130
192
bed
52
348
504

1516

Group data

Cells

51
91
29
24
112
7%
62
37
201
532
1,306

T

43
59
16
22
72
76
62
36
182
433
1,001

ocB

19
38
19
24
19
163
62
29
Pl
196
610

Age

50
29
19
24
125
65
32
20
12
58
534

Individual exact data

Gender

50
22
19
24
124
65
32
20
109
60
526

Cells

34
17
15
10
79

6
1
4
30
65

270

TR, total protein; OCB, oligoclonal IgG restricted to the CSF; Cells+TP+OCB, Data for CSF cells, total protein as well as OCB.

T

46
12
1

25
42
178

ocB

16

18
24
18
85
18
16
33
35
251

Cells + TP + OCB

34
18
14
25
21

164





OPS/images/fneur-10-00804-g001.gif
s st s evtea
ey

o

i i

prse— [rp——
™ el

ol

iy






OPS/images/fneur-10-00804-g002.gif
1

PGP Y

Antbody target Antbody rget






OPS/images/cover.jpg
, frontiers
in Neurology

Cerebrospinal Fluid Findings in
Patients With Autoimmune
Encephalitis—A Systematic Analysis









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Neurology





