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Objective

The aim of this study was to analyze the positive rate and test strategies of suspected autoimmune encephalitis (SAE) based on an antibody assay.



Methods

Patients who were diagnosed with suspected autoimmune encephalitis in Guizhou Province between June 1, 2020, and June 30, 2021 and who had anti-neuronal autoantibodies detected by Guizhou KingMed Diagnostics Group Co., Ltd. were included in this study. The positive rate and the test strategies were analyzed based on the results of the anti-neuronal antibody assay.



Results

A total of 263 patients with SAE were included, 58.2% (153/263) of whom were males, with a median age of 33 years (1-84 years). 84% (221/263) of all patients completed both serum and CSF tests. A total of 46.0% (121/263) of SAE patients received the AE-6 examination package. The antibody-positive rate was 9.9% (26/263) in the current cohort, with an observed incidence of antibody positive of 0.2 in 100,000 (26/11,570,000, 95% CI: 0.15-0.30), and the estimated incidence was 0.9 in 100,000 (95% CI: 0.84-0.95) of the total population. A total of 9 different anti-neuronal antibodies were detected. Anti-NMDAR antibody was the most common antibody in 46.2% (12/26) of subjects, 70.0% (7/10) of whom were children, followed by anti-Caspr2 antibody in 30.8% (8/26); the remaining 7 antibodies were detected in 23.1% (6/26) of the population. There were no obvious differences among age, sex or season in the positive rate of anti-neuronal antibodies. The cost of antibody testing per capita was $439.30 (SD±$195.10). The total cost of AE-14 was the highest at $48.016.81 (41.56%) among all examination packages.



Conclusions

This study described the positive rate associated with AE-related anti-neuronal antibodies and test strategies in the current cohort, which provides a basis for clinicians in clinical practice.
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Introduction

Autoimmune encephalitis (AE) refers to a group of immune-mediated neurologic diseases (1). Since the initial report on antibodies in 2007, the study of AE has increased rapidly (2, 3). The prevalence (1995–2015) of AE was 0.8/100,000 in the United States (4), and a previous study demonstrated that nearly one-third of patients with encephalitis were diagnosed with AE (5). Some investigations have shown that the most common AE antibodies are the anti-N-methyl-D-aspartate receptor (NMDAR) antibody, anti-leucine-rich glioma-inactivated 1 (LGI1) antibody, anti-gamma-aminobutyric acid-B receptor (GABABR) antibody and anti-contactin-associated protein-like 2 (CASPR2) antibody, and detection rates have been reported to be 79.7%, 12.8%, 5.6%, and 1.3%, respectively (6). To date, more than twenty extracellular antibodies and forty intracellular antibodies have been identified. Currently, data on AE antibodies mainly come from Western countries, and there is a lack of clinical data on AE antibody prevalence in the Chinese population.

Studies have shown that 43% of severe AE patients require intensive care unit (ICU) treatment (5). The most common type of anti-NMDAR encephalitis has a mortality rate of up to 6% (7). Although most patients have a good prognosis, their disease burden is heavy due to the high cost of treatment. Recently, related reports have shown that the average median hospital charges per patient with AE in the U.S. exceeds 70,000 USD, and in China, it averages 86,810 USD. The cost of diagnosis and treatment of AE is a heavy burden for every family (5, 6). Early intervention can improve the prognosis of AE patients (8). Antibody detection plays a crucial role in the early diagnosis of AE (9, 10). At present, the clinical detection of autoimmune encephalitis-related antibodies is mainly carried out by the Independent Clinical Laboratory. The Independent Clinical Laboratory (ICL) is an intermediary organization that provides fair, reliable and accurate test data and test results for medical institutions. Christopher A and Wernerfelt B pointed out that third-party medical testing laboratories have developed into a large-scale industry abroad (11); as of the end of 2015, the Independent Clinical Laboratory accounted for 38% of the medical testing market in the United States, 50% in Germany, and 67% in Japan (12). The anti-neuronal antibody assay conducted by ICL in China is very common. Therefore, in this study, we carefully analyzed the positive rate and the test strategies according to the antibody assay in suspected autoimmune encephalitis provided by the ICL.



Methods


Study Population and Sites

Patients who were diagnosed with suspected AE according to the published AE diagnostic criteria (1, 13) in Guizhou Province between June 1, 2020, and June 30, 2021 and who had anti-neuronal antibodies detected by Guizhou KingMed Diagnostics Group Co., Ltd. were included in this study. KingMed is regarded as the pioneer and leader of the Independent Clinical Laboratories (ICL) industry and is the first ICL with both CAP and ISO15189 accreditation in China (14).

The present study sites were located in Zunyi and Guiyang district, Guizhou Province, Southwest China. Guizhou is a relatively poor and economically undeveloped city in China with a population of 38.56 million. The study sites are the most developed cities in Guizhou Province. There are more than 11.57 million inhabitants in Guiyang, and Zunyi make up approximately 30% of the population, which is the economical and medical center in Guizhou Province. A total of approximately 1,050 cases were diagnosed with suspected AE, and anti-neuronal antibodies were detected by LCL in two districts. The data came from six medical centers, which have qualifications for the diagnosis of AE in the study sites.



Data Collection

All data were collected with a standard sheet. Demographic characteristics, including age, sex and the time of antibody investigation, were recorded. Antibody investigation methods; sample types, including serum and cerebrospinal fluid (CSF); positive results, antibody titers; methodology; and the cost of antibody investigation were recorded and assessed.



Assay for AE Antibodies

Antibodies of SAE were detected in both serum and CSF at Guizhou KingMed Diagnostics Group Co., Ltd. Regarding the antibody investigation strategy, seven strategies (Table 1) were used in all patients, which included strategies to detect intracellular and extracellular antibodies. HEK293 cells were seeded on 96-well plates and transfected with anti-neuronal antibodies for 36 hours. The cells were fixed with 4% paraformaldehyde for 20 minutes for antibody testing. The cells were incubated for 2 hours at room temperature with undiluted cerebrospinal fluid (CSF) and serum diluted 1:10 in phosphate buffered saline (PBS)-0.1% goat serum. The cells were incubated with Tween-20 three times and goat anti-human IgG (1:500; Thermo Scientific) for 30 minutes and washed again in PBS-0.1% Tween-20. Then, an immunofluorescence microscope was used for evaluation. The samples with positive results were tested at least twice. Two independent masked assessors classify each sample as positive or negative based on the surface immunofluorescence intensity, which is directly compared with nontransfected cells and control samples. Once verified, the positive samples were then serially diluted from 1:10 to 1:1000 to determine the titer. The final titer was defined as the dilution value of the sample whose specific fluorescence was almost clearly identifiable and expressed as the corresponding dilution value (15).


Table 1 | Different detection strategies for anti-neuronal antibodies in Guizhou KingMed.





Statistical Analysis

GraphPad Prism 9.0 (GraphPad Software Inc., San Diego, CA) and SPSS 26.0 (SPSS Inc., Chicago, IL) were used for the statistical analyses. The two incidences of AE were calculated: (1) the observed incidence, i.e., a proportion based on antibody-positive AE, and (2) an estimated incidence according to the total of approximately 104 cases (1050*0.099) were diagnosed with suspected AE, and antibodies of SAE were detected in the two districts. The number of antibody positivity was estimated based on the positive rate of the current cohort. The denominator used for incidence calculations (11.57 million) was determined by the total population of Guiyang and Zunyi. Categorical variables are described as percentages. The chi-squared test was used to compare differences among sexes, ages, sample types and seasons. Fisher’s exact test was used to compare differences among age groups and examination packages. An independent-sample t test was employed to compare differences among the testing costs of CSF samples and serum samples. In addition, P<0.05 indicated a significant difference.




Results


Basic Information of this Cohort

A total of 263 patients with suspected AE were included, 58.2% (153/263) of whom were males and 33.5% (88/263) of whom were children (≦18 years old), with a median age of 33 years (1-84 years). A total of 221 patients completed both serum and CSF tests; 24 patients completed only CSF testing, and 18 patients completed only serological testing (Figure 1). Finally, a total of 26 patients were antibody-positive, 92.30% (24/26) of cases with varying degrees of language disorders and memory changes, 84.62% (22/26) present with psychiatric symptoms, 73.08% (19/26) have showed dyskinesia and consciousness disorders, the details clinical characteristics of different antibodies see the Table S1.




Figure 1 | The general situation. The general situation of AE antibody testing samples and test strategies and the results.





Incidence of Antibody-Positive AE

The positive rate was 9.9% (26/263) in the current cohort, with an observed incidence of antibody positive of 0.2 in 100,000 patients (26/11,570,000, 95% CI: 0.15-0.30). A total of 104 cases (0.099*1,050) were estimated according to the positive rate of the current cohort. The estimated incidence was 0.9 in 100,000 (104/11,570,000, 95% CI: 0.84-0.95) of the total population.



Status of AE Antibodies

A total of 57.7% (15/26) were detected in both CSF and serum, 30.8% (8/26) were detected in only serum, and 11.5% (3/26) were detected in only CSF. The positive rate of serum detection was slightly higher than that of CSF detection (X2 = 0.81, P=0.37) (Figure 2).




Figure 2 | The antibody-positive rate of the study population. Antibodies were detected in both CSF and serum. Only serum, antibodies were detected in only serum. Only CSF, antibodies were detected in only CSF.



Figure 3 shows that the anti-NMDAR antibody was the most common, at 46.2% (12/26) in the total population and 70.0% (7/10) in the pediatric population, followed by anti-Caspr2, at 30.8% (8/26). Among the patients with positive anti-Caspr2 antibody, only 25.0% (2/8) were detected in CSF, and the remaining 7 antibodies (anti-LgI1, anti-MOG, anti-CV2, anti-titin, anti-Hu, anti-SOX1 and anti-GABABR antibodies) were detected in 23.0% (6/26) of the population. Anti-Titin antibodies were detected in only serum. The antibody titers of serum and CSF were 1:1 to 1:100.The antibody titer of 1:100 anti-NMDAR antibody in CSF vs. serum was 36.36% (4/11) vs. 20% (2/10), X2 = 0.119, P=0.730. The titer of anti-Caspr2 antibody in serum was mainly 1:10 87.5% (7/8).




Figure 3 | Distributions of positive antibodies and antibody titers. (A) Distributions of positive antibodies; (B) Detection of positive antibodies in serum and/or CSF; (C) Corresponding titers of various antibodies in serum and CSF.



There was no obvious difference between age and sex in the positive rate of the AE antibody assay (11.4% vs. 9.1% for age, X2 = 0.324, P=0.569; 9.2% vs. 10.9% for sex, X2 = 0.22, P=0.637). In Figure 4, we can see that the positive rate of AE antibody had the highest peak in those aged 1-9 years (34.6%, 9/26) and was lowest in those aged 10-17 years, at 3.8% (1/26). However, there was no significant difference between the various age groups (X2 = 9.618, P=0.175). A total of 39.16% (103/263) of clinical samples were detected in summer. The positive rate of antibody was the highest in summer (34.62%, 9/26). The results revealed no significant seasonal variations in the positive rate of AE antibody (X2 = 1.774, P=0.628) (Figure 5).




Figure 4 | The positive rate of the study data stratified by sex and age. (A) Detection results of antibody among sexes, children and adults; (B) The positive rate among different age groups.






Figure 5 | The seasonal distributions of antibody detection. (A) The seasonal distributions of cases; (B) The number of positive cases among different seasons.



Figure 6 shows that 46.0% (121/263) received the AE-6 examination package, but AE-20 only 1.14% (3/263). The positive rate of PNS (13.95%) antibodies was higher than that of AE (9.09%) antibodies, and there was no obvious difference among them (X2 = 0.487, P=0.485). AE-8 and AE-20 were not included in this study because there were very few cases. The positive rate of paraneoplastic syndrome packages (PNS-11) was the highest, at 14.29% (3/21), and that of AE-14 was the lowest, at 2.70% (2/74). There was no significant difference between the various examination packages (X2 = 10.882, P=0.059).




Figure 6 | The status of AE antibody among different package items. (A) The number of cases detected by different packages; (B) The comparison of the positive rate between the AE and paraneoplastic syndrome packages; (C) The distributions of the positive rate among different package items.





Testing Costs

The total testing cost was $115,530.80, the total testing cost of CSF samples was $58,088.80, and the total testing cost of serum samples was $57,442.00. From Figure 7, it can be concluded that the cost per capita for testing was $439.30 (SD±$195.10), the cost per capita for CSF and serum samples was $220.90 (SD±$114.20) and $218.40 (SD±$108.10), and the average cost per person was $280.30 (SD±$58.90) and $386.90 (SD±$262.30), respectively. There was no significant difference between serum and CSF (t=0.254, P=0.8). The total cost of AE-14 was the highest at $48,016.81 (41.56%). AE-6 was $37,387.61 (32.36%), and PNS-11 was $6488.76 (5.62%) (Figure 7).




Figure 7 | The distributions of testing costs among different samples and seasons. (A) Total testing cost; (B) the costs of different samples; (C) the costs in different seasons. (D) the costs of different test strategies.






Discussion

AE comprises a group of severe immune-mediated diseases of the brain and is emerging as a relatively common cause of encephalitis worldwide. However, existing evidence reveals that there are no exact epidemiological data in developing countries. A total of 236 patients with suspected AE were analyzed retrospectively with the anti-neuronal antibody assay. The results demonstrated that the total positive rate was 9.9%, and the observed incidence of antibody positivity was 0.2 in 100,000 patients (95% CI: 0.15-0.30). The estimated incidence was 0.9 in 100,000 (95% CI: 0.84-0.95), and the anti-NMDAR antibody was the most common (46.2%) among the 9 AE antibodies detected in CSF or serum. The antibody titer of CSF and serum ranges from 1:1 to 1:100. There were no obvious differences among age, sex or season in the positive rate of anti-neuronal antibodies. The cost of antibody testing per capita was $439.30.

The detection of antibodies is extremely important for the diagnosis and treatment of AE (16–18). Early diagnosis, early intervention and early treatment of AE can significantly improve the survival rate and prognosis (5, 18). The total positivity rate was 9.9% in the current cohort, which is similar to the 12.7% reported in previous studies (5). A total of 30.8% of all positive cases were detected in only serum, but only 11.5% were detected in CSF. This indicates that the total positive detection rate in serum is higher than that in CSF. The main clinical symptoms of encephalitis with different antibody types are similar, but treatment plans and prognoses are different (19). For example, anti-Caspr2 indicates thymoma, and anti-GABAB indicates small cell lung cancer (19–24). Paraneoplastic syndromes are usually relatively insidious and asymptomatic, so antibody testing is needed to assist in diagnosis (25). Our study showed that the anti-NMDR antibody was the most common. A previous study also found that anti-NMDR encephalitis was the most common AE antibody (26). It is worth noting that anti-IGI1 was detected in both CSF and serum, and anti-Hu IgG was detected in only serum in this study, which is different from previous studies (17, 26, 27). Whether these antibodies with a very low positive rate are detected in CSF or serum, more research is needed to draw corresponding conclusions. The results showed that the antibody titers of serum and CSF were 1:1 to 1:100. A previous study revealed that the titers and types of antibodies also changed during the course of disease progression (28–30), which can be used for disease assessment and prognosis.

The estimated incidence was 0.9 in 100,000 patients in our study, which was similar to that in Divyanshu Dubey et al. reported that the incidence rate (1995-2015) of AE was 0.8/100,000 person-years in United States (4). The results demonstrated that there was no difference in the positive rate between females and males, which is different from previous studies (25). However, the positive rate in children (11.36%) was higher than that in adults (9.14%). Among all age groups, the positive rates of antibodies in serum and CSF were highest in the age group of 1-9 years, which is consistent with the results of previous studies indicating that AE mainly occurs in children and young people (26). It was found that 39.16% of people submitted samples for inspection in summer. Therefore, encephalitis symptoms are more common during this time period. In addition, the highest antibody positive rate was in spring. To determine whether AE antibodies are affected by season, more sample data are needed for statistical research.

The testing of antibodies in China mainly relies on the ICL; in general, the LCL will design different antibody tested packages to fit different requirements. People received the AE-6 inspection package most often (46.0%), but the highest positive rate was for PNS-11 (14.29%), and the positive rate of AE-14 was the lowest (2.7%) in the current study. Interestingly, we found that when the selected items increased, the detection positive rate decreased. This may be related to the patient’s clinical symptoms. When the symptoms are relatively mild, clinicians will tend to choose the most common inspection packages. With the widespread application of MOG antibody detection, reports of encephalitis associated with MOG antibodies are increasing (31, 32). In the inspection package provided by the ICL, only AE-20 contained the antibody, and 98.9% (260/263) were not tested for anti-MOG antibody. However, anti-MOG antibody encephalitis is easily missed. The current low positive rate of MOG antibodies is related to our inactive inspection. This requires more data to confirm.

Regarding AE vs. PNS (9.09% vs. 13.95%), PNS related to neuronal surface antibodies was more common. Ninety-two patients over 45 years old were tested for antibodies to paraneoplastic syndrome. That is, 89.13% (82/92) of patients who were ≥45 years of age did not. However, paraneoplastic syndrome mainly occurs in middle-aged and elderly people. Therefore, clinicians need to consider the common types of antibodies of different ages when choosing inspection packages. The diagnosis and treatment of AE have imposed a great burden on people (5, 6). According to our research data, the average cost for antibody testing was $439.30. The overall cost of testing is high, but the positive rate is only 9.9%. The total cost of AE-14 was the highest among all examination packages, but the positive rate was only 2.70%. There is a great waste of resources, which brings some reflection for clinicians. When submitting specimens, they should strictly control the indicators for submitting specimens to improve the positive rate and reduce the medical cost.



Limitations

This study performed statistical and test strategy analyses of antibody detection results. Although detailed analysis was carried out for various aspects, there are several limitations to this study. First, the sample size was relatively small, and the data were obtained from only one clinical laboratory; therefore, the results explain only the positive rate and test strategies of the detection of AE-related antibodies in the current cohort. Second, we described the estimated antibody-positive incidence of AE in this study. Nevertheless, the results may not be generalizable to the total AE cohort. The inclusion of antibody-negative children should be considered in future multicenter epidemiological studies when technically feasible. Third, no positive antibodies were found in serum or CSF in patients over 70 years old, which may be due to the small sample size. Finally, research mainly focuses on AE antibody data, and clinical data to analyze the research results considering all aspects are lacking.



Conclusions

The clinical manifestations and diagnosis of AE are extremely complicated, and the continuous development of inspection technology for detection antibodies is beneficial to the diagnosis and prognosis of diseases and has important guiding significance. In our study, we first described the positive rate and test strategies of the detection of AE-related anti-neuronal antibodies in the current cohort, with a total positive rate of 9.9%, and the estimated incidence was 0.9 in 100,000 (95% CI: 0.84-0.95) of the total population. A total of 9 different anti-neuronal antibodies were detected, and the anti-NMDAR antibody was the most common. The results provide a basis for clinicians to see AE in clinical practice.



Data Availability Statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.



Ethics Statement

The studies involving human participants were reviewed and approved by Guizhou Provincial People’s Hospital. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin. Written informed consent was obtained from the individual(s), and minor(s)’ legal guardian/next of kin, for the publication of any potentially identifiable images or data included in this article.



Author Contributions

HZ conceived of the study. QD, YL, and ZM contributed to the analysis, synthesis and interpretation of the results and wrote the manuscript. YC, YP, GZ, WZ, and XH contributed to the data collection. All authors contributed to the preparation of the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This project was supported by the National Natural Science Foundation of China (NSFC, 81860280).



Acknowledgments

We sincerely thank all the patients who participated in this study, as well as the clinicians who contributed to the recruitment of the participants.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2022.803854/full#supplementary-material



References

1. 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

2. Brenner, T, Sills, GJ, Hart, Y, Howell, S, Waters, P, Brodie, MJ, et al. Prevalence of Neurologic Autoantibodies in Cohorts of Patients With New and Established Epilepsy. Epilepsia (2013) 54:1028–35. doi: 10.1111/epi.12127

3. Erickson, TA, Muscal, E, Munoz, FM, Lotze, T, Hasbun, R, Brown, E, et al. Infectious and Autoimmune Causes of Encephalitis in Children. Pediatrics (2020) 145:e20192543. doi: 10.1542/peds.2019-2543

4. Dubey, D, Pittock, SJ, Kelly, CR, McKeon, A, Lopez-Chiriboga, AS, Lennon, VA, et al. Autoimmune Encephalitis Epidemiology and a Comparison to Infectious Encephalitis. Ann Neurol (2018) 83:166–77. doi: 10.1002/ana.25131

5. Cohen, J, Sotoca, J, Gandhi, S, Yeshokumar, AK, Gordon-Lipkin, E, Geocadin, RG, et al. Autoimmune Encephalitis: A Costly Condition. Neurology (2019) 92:e964–72. doi: 10.1212/WNL.0000000000006990

6. Li, A, Gong, X, Guo, K, Lin, J, Zhou, D, and Hong, Z. Direct Economic Burden of Patients With Autoimmune Encephalitis in Western China. Neurol Neuroimmunol Neuroinflamm (2020) 7:e891. doi: 10.1212/NXI.0000000000000891

7. Venkatesan, A, Michael, BD, Probasco, JC, Geocadin, RG, and Solomon, T. Acute Encephalitis in Immunocompetent Adults. Lancet (2019) 393:702–16. doi: 10.1016/S0140-6736(18)32526-1

8. Vollmer, TL, and McCarthy, M. Autoimmune Encephalitis: A More Treatable Tragedy If Diagnosed Early. Neurology (2016) 86:1655–6. doi: 10.1212/WNL.0000000000002641

9. Dalmau, J, Tuzun, E, Wu, HY, Masjuan, J, Rossi, JE, Voloschin, A, et al. Paraneoplastic Anti-N-Methyl-D-Aspartate Receptor Encephalitis Associated With Ovarian Teratoma. Ann Neurol (2007) 61:25–36. doi: 10.1002/ana.21050

10. 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

11. Birchler, JA. Mendel, Mechanism, Models, Marketing, and More. Cell (2015) 163:9–11. doi: 10.1016/j.cell.2015.09.008

12. Ronco, C, Marchionna, N, Brendolan, A, Neri, M, Lorenzin, A, and Martinez Rueda, AJ. Expanded Haemodialysis: From Operational Mechanism to Clinical Results. Nephrol Dial Transplant (2018) 33:iii41–7. doi: 10.1093/ndt/gfy202

13. Cellucci, T, Van Mater, H, Graus, F, Muscal, E, Gallentine, W, Klein-Gitelman, MS, et al. Clinical Approach to the Diagnosis of Autoimmune Encephalitis in the Pediatric Patient. Neurol Neuroimmunol Neuroinflamm (2020) 7:e663. doi: 10.1212/NXI.0000000000000663

14. Zhao, D, Zhang, L, Xie, F, Peng, D, Wei, J, Jiang, L, et al. Outcomes of Prior Cervical Cytology and HR-HPV Testing in Women Subsequently Diagnosed With CIN1, CIN2/3, and Invasive Cervical Cancer: A 4-Year Routine Clinical Experience After Implementation of Systematic Training and Quality Control Programs. BMC Cancer (2020) 20:810. doi: 10.1186/s12885-020-07321-2

15. Ni, Y, Shen, D, Zhang, Y, Song, Y, Gao, Y, Zhou, Q, et al. Expanding the Clinical Spectrum of Anti-IgLON5 Disease: A Multicenter Retrospective Study. Eur J Neurol (2022) 29:267–76. doi: 10.1111/ene.15117

16. Esposito, S, Principi, N, Calabresi, P, and Rigante, D. An Evolving Redefinition of Autoimmune Encephalitis. Autoimmun Rev (2019) 18:155–63. doi: 10.1016/j.autrev.2018.08.009

17. Chen, B, Lopez Chiriboga, AS, Sirven, JI, and Feyissa, AM. Autoimmune Encephalitis-Related Seizures and Epilepsy: Diagnostic and Therapeutic Approaches. Mayo Clin Proc (2021) 96:2029–39. doi: 10.1016/j.mayocp.2021.02.019

18. Gu, Y, Zhong, M, He, L, Li, W, Huang, Y, Liu, J, et al. Epidemiology of Antibody-Positive Autoimmune Encephalitis in Southwest China: A Multicenter Study. Front Immunol (2019) 10:2611. doi: 10.3389/fimmu.2019.02611

19. Fraune, J, Gerlach, S, Rentzsch, K, Teegen, B, Lederer, S, Affeldt, K, et al. Multiparametric Serological Testing in Autoimmune Encephalitis Using Computer-Aided Immunofluorescence Microscopy (CAIFM). Autoimmun Rev (2016) 15:937–42. doi: 10.1016/j.autrev.2016.07.024

20. 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

21. Harutyunyan, G, Hauer, L, Dunser, MW, Karamyan, A, Moser, T, Pikija, S, et al. Autoimmune Encephalitis at the Neurological Intensive Care Unit: Etiologies, Reasons for Admission and Survival. Neurocrit Care (2017) 27:82–9. doi: 10.1007/s12028-016-0370-7

22. Murphy, ED, and Roths, JB. A Y Chromosome Associated Factor in Strain BXSB Producing Accelerated Autoimmunity and Lymphoproliferation. Arthritis Rheum (1979) 22:1188–94. doi: 10.1002/art.1780221105

23. Salama, S, Khan, M, Pardo, S, Izbudak, I, and Levy, M. MOG Antibody-Associated Encephalomyelitis/Encephalitis. Mult Scler (2019) 25:1427–33. doi: 10.1177/1352458519837705

24. Subramanian, S, Tus, K, Li, QZ, Wang, A, Tian, XH, Zhou, J, et al. A Tlr7 Translocation Accelerates Systemic Autoimmunity in Murine Lupus. Proc Natl Acad Sci USA (2006) 103:9970–5. doi: 10.1073/pnas.0603912103

25. Grativvol, RS, Cavalcante, WCP, Castro, LHM, Nitrini, R, and Simabukuro, MM. Updates in the Diagnosis and Treatment of Paraneoplastic Neurologic Syndromes. Curr Oncol Rep (2018) 20:92. doi: 10.1007/s11912-018-0721-y

26. Dalmau, J, and Graus, F. Antibody-Mediated Encephalitis. N Engl J Med (2018) 378:840–51. doi: 10.1056/NEJMra1708712

27. Steiner, J, Pruss, H, Kohler, S, Frodl, T, Hasan, A, and Falkai, P. Autoimmune Encephalitis With Psychosis: Warning Signs, Step-by-Step Diagnostics and Treatment. World J Biol Psychiatry (2020) 21:241–54. doi: 10.1080/15622975.2018.1555376

28. Gable, MS, Sheriff, H, Dalmau, J, Tilley, DH, and Glaser, CA. The Frequency of Autoimmune N-Methyl-D-Aspartate Receptor Encephalitis Surpasses That of Individual Viral Etiologies in Young Individuals Enrolled in the California Encephalitis Project. Clin Infect Dis (2012) 54:899–904. doi: 10.1093/cid/cir1038

29. Liu, P, Bai, M, Yan, X, Ren, K, Ding, J, Zhao, D, et al. Possible Coexistence of MOG-IgG-Associated Disease and Anti-Caspr2 Antibody-Associated Autoimmune Encephalitis: A First Case Report. Ther Adv Neurol Disord (2020) 13:1756286420969462. doi: 10.1177/1756286420969462

30. Steiner, J, Walter, M, Glanz, W, Sarnyai, Z, Bernstein, HG, Vielhaber, S, et al. Increased Prevalence of Diverse N-Methyl-D-Aspartate Glutamate Receptor Antibodies in Patients With an Initial Diagnosis of Schizophrenia: Specific Relevance of IgG NR1a Antibodies for Distinction From N-Methyl-D-Aspartate Glutamate Receptor Encephalitis. JAMA Psychiatry (2013) 70:271–8. doi: 10.1001/2013.jamapsychiatry.86

31. Ogawa, R, Nakashima, I, Takahashi, T, Kaneko, K, Akaishi, T, Takai, Y, et al. MOG Antibody-Positive, Benign, Unilateral, Cerebral Cortical Encephalitis With Epilepsy. Neurol Neuroimmunol Neuroinflamm (2017) 4:e322. doi: 10.1212/NXI.0000000000000322

32. Naomi, H-F, Haginoya, K, Nakashima, I, Sato, DK, and Takahashi, T. Clinical Features and Long-Term Outcome of a Group of Japanese Children With Inflammatory Central Nervous System Disorders and Seropositivity to Myelin-Oligodendrocyte Glycoprotein Antibodies. Brain Dev (2015) 37:849–52. doi: 10.1016/j.braindev.2015.02.006




Conflict of Interest: Author ZM was employed by Guangzhou KingMed Diagnostics Group Co., Ltd. GZ was employed by Guizhou KingMed Diagnostics Group Co., Ltd.

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


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Deng, Liu, Mao, Chen, Ping, Zhu, Zhao, Hu and Zhou. 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.


OEBPS/Images/fimmu-13-803854-g003.jpg
In CSF

s pswon
3 e
SaniE
=
#ize
B S
gy

@ mess

fxéfé"},;«;;;;f

In Serum

7

anti-NVDAR
anti-Caspr2

anti LGl
aniMOG
antiov2

aniTitin
ant-Husant-SOX1

[EERE KR

+anti-GABABR





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The Antibody Assay in Suspected Autoimmune Encephalitis From Positive Rate to Test Strategies

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Methods

        

          		

            Study Population and Sites

          



          		

            Data Collection

          



          		

            Assay for AE Antibodies

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Basic Information of this Cohort

          



          		

            Incidence of Antibody-Positive AE

          



          		

            Status of AE Antibodies

          



          		

            Testing Costs

          



        



        



        		

          Discussion

        



        		

          Limitations

        



        		

          Conclusions

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu.2022.803854_cover.jpg
, frontiers
in Immunology

The Antibody Assay in Suspected
Autoimmune Encephalitis From
Positive Rate to Test Strategies





OEBPS/Images/fimmu-13-803854-g002.jpg
Ccases

Total=263

positive cases

B 9.89% 26 positive
53 90.11% 237 negative
m 57.69% 15 Both

£ 30.77% 8 Only serum
BB 1154% 3 Only CSF





OEBPS/Images/fimmu-13-803854-g006.jpg
A .4
Total cases. e e

S
S e
g S
c
AEG AES AE-12 AE-14 AE20 PNS-11 PNS-14 gy 1157% 14 positve
= 2500 {poae
[ Bl BB ™™ ™= = 1% 2psiive
= ot
5 S e
= i amme
= nE R

Total=74 Total=3 Total=2! Total=22 [ negative





OEBPS/Images/fimmu-13-803854-g004.jpg
male female Children

OOOC

Toulss3  Toa=t10  Tota

19 years old 10-17 years old 1829 years old 30-39 years oid

0 [

Total=50 Total=38 Total=34

40-49 years old 50.50 years old 6060 years ola >70 years oid

0 0 [

Total=28 Totala2o

Towl=t7s

o

Total=38

9.15% 14 positve
3 1091% 12 positive
= 1136% 10 positive
3 9.14% 16 posilive
= negative

— 18.00% 9 positive
—2,63% 1 positive
=== 1471% 5 positive
= 13.16% S positive
= 7.14% 2 positie
== 6.90% 2positve
—8.33% 2positive
== negative





OEBPS/Images/logo.jpg
’ frontiers
in Immunology





OEBPS/Images/fimmu-13-803854-g001.jpg
Lo |
ol ol a0 el 2 B






OEBPS/Images/fimmu-13-803854-g005.jpg
A

Total cases

Totals2ss

= 28.90% 76 Spring
5 39.16% 103 Summer
= 14.45% 38 Avtum.
O 17.49% 46 Winter

B
Positive cases

Total=2s

&2 26.92% 7 Spring
= 34.62% 9 Summer
& 23.08% 5 Autumn
= 15.38% 4 Winter





OEBPS/Images/table1.jpg
Strategies Antibodies

AE-6 NMDAR, AMPA1, AMPA2, LGI1, CASPR2, GABAB

AE-8 NMDAR, AMPA1, AMPA2, LGI1, CASPR2, GABAB, IgLON5, DPPX

AE-12 NMDAR, AMPA1, AMPA2, LGI1, CASPR2, GABAB, IgLON5, DPPX, GlyR1, DRD2, MGIuRS5, GAD65

AE-14 NMDAR, AMPA1, AMPA2, LGI1, CASPR2, GABAB, IgLONS5, DPPX, GlyR1, DRD2, MGIUR5, GAD65, MGIuR1, Neurexin-3o.

AE-20 NMDAR, AMPA1, AMPA2, LGI1, CASPR2, GABAB, GABAA, IgLONS, DPPX, GlyR1, DRD2, MGIuRS5, GADE5, MGIuR1, Neurexin-3a, gAchR, KLHL11, AQP4,
MOG, GFAP

PNS-11 Hu, Yo, Ri, CV2, Ma2, AMphiphysin, TrDNER), GAD65, Mat, Zic4, SOX1
PNS-14 Hu, Yo, Ri, CV2, Ma2, AMphiphysin, Tr(DNER), GAD85, Mal, Zic4, SOX1, PKCy, Titin, Recoverin





OEBPS/Images/fimmu-13-803854-g007.jpg
1500 600:
o o . R
£ £ . H
% %
8 1000 2 8 a00 5 e
5 4392806 s
g g
8 s00 8 200
£ £
o =

o v o
total Serum  CSF

. The test specimens

1000,
2 w0
H

600
5
§ wo 4552 4195 4582 446.1 4359 4553
H 2603 3869 3711 4116 5150 5028
g mo

3
Tiiiscrastnn
Wonths
°
T T =

e e a1z |[aeww  |[rez |[ewsar | [ewsas
saraasn || sus33 | | sinzase || sisous || sesozs || sessers || seasra0
G2ao9) || aoon || s || (aise || i) || ez || oo






