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eMethods 

 All serum and CSF samples were examined using rat brain immunohistochemistry 

(serum diluted 1:200 and CSF 1:2) optimized to detect antibodies against most 

neuronal surface antigens and glutamic acid decarboxylase 65 (GAD65).1,2 If positive 

with a pattern of neuropil immunostaining, samples were examined with an extensive 

array of cell-based assays (CBAs) (serum 1:40, CSF 1:2 for fixed and live cells) that 

included all known cell-surface antigens.3,4 If negative for known cell-surface 

autoantigens, samples were then examined with cultures of rat dissociated 

hippocampal neurons (serum 1:40, CSF 1:2) in order to determine whether the 

antibodies were directed against proteins expressed on the cell surface.2 For myelin 

oligodendrocyte glycoprotein (MOG) antibodies, live CBAs were conducted with 

dilations of 1:160 for serum and 1:2 for CSF. 

 If the brain immunohistochemistry demonstrated intracellular staining, samples 

were subsequently examined with an array of intracellular antigens using immunoblot 

(i.e., EUROLINE including Hu, Yo, Ri, CRMP5, Ma1, Ma2) or CBA (i.e., GAD, 

adenylate kinase 5 [AK5], Sox1, and Kelch-like protein 11 [KLHL11]). 

 The repertoire of neuronal and glial (neural) antigens tested by CBAs included (1) 

Euroimmune mosaics containing 6 antigens: N-methyl-D-aspartate receptor 

(NMDAR), α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor 

(AMPAR), -aminobutyric acid B receptor (GABABR), leucine-rich glioma-

inactivated 1 (LGI1), contactin-associated protein-like 2 (CASPR2), and dipeptidyl-

peptidase-like protein 6 (DPPX), and (2) in-house CBAs that in addition to all the 

above included: -aminobutyric acid A receptor (GABAAR), glycine receptor (GlyR), 

dopamine 2 receptor (D2R), metabotropic glutamate receptor 1, 2, 3,and 5 (mGluR1, 

mGluR2, mGluR3, and mGluR5), glutamate kainate receptor subunit 2 (GluK2), 

neurexin-3α, delta/notch-like epidermal growth factor-related receptor (DNER), 

immunoglobulin-like cell adhesion molecule 5 (IgLON5), neural cell adhesion 

molecule 2 (NCAM2), MOG, aquaporin 4 (AQP4), and glial fibrillary acidic protein 

(GFAP). 

 CBAs were done with fixed HEK293 cells except those for GABAAR,5 GlyR,6 

mGluR1,7 mGluR2,8 mGluR3,3 mGluR5,9 GluK2,10 DNER,11 IgLON5,12 MOG and 

AQP4,13,14 that were done with live HEK cells.
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eTable 1. Clinical manifestations of pediatric autoimmune encephalitis associated with autoantibodies against unknown antigens 

Location of antigen by staining pattern; 

number of patients 

Age in years, median (range); 

male/female 

Syndrome/symptoms 

Unknown neuronal surface antigen*  

11 

7 (1 - 16) 

6/5 

AE with psychiatric/cognitive symptoms, seizures, and altered consciousness (3/11) 

Plus movement disorder (3/11) 

Plus movement disorder and autonomic dysfunction (1/11) 

Brainstem/cerebellar encephalitis (2/11) 

Limbic encephalitis (1/11) 

Encephalomyelitis (1/11) 

Unknown intracellular membrane 

antigen** 

29 

9 (1 - 17) 

16/13 

AE with psychiatric/cognitive symptoms, seizures, and altered consciousness (9/26) 

Plus autonomic dysfunction (5/26) 

Plus movement disorder (3/26) 

Plus movement disorder and autonomic dysfunction (1/26) 

Limbic encephalitis (4/26) 

Brainstem/cerebellar encephalitis (3/26) 

Encephalomyelitis (1/26) 

Clinical information not available in 3 patients 

Unknown intracellular 

cytoplasmic/nuclear antigen*** 

13 

13 (2 - 17) 

3/10 

AE with psychiatric/cognitive symptoms, seizures, and altered consciousness (5/12) 

Plus movement disorder (1/12) 

Plus movement disorder and autonomic dysfunction (1/12) 

Brainstem/cerebellar encephalitis (2/12) 

Encephalomyelitis (2/12) 

Basal ganglia encephalitis (1/12) 

Clinical information not available in 1 patient 

*Neuropil pattern of tissue immunohistochemistry and positive cell-surface live neuron staining; **Neuropil pattern of tissue immunohistochemistry staining but negative cell-surface live 

neuron staining; ***Intracellular pattern of tissue immunohistochemistry staining.  

AE: autoimmune encephalitis.  
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eTable 2: Literature review of neural antibody frequencies in pediatric autoimmune encephalitis 

Study, duration  Number 

of cases 

Methods Antibodies other than NMDAR and 

MOG 

Comments 

Tissue-based Other 

Mayo Clinic;15 2010 – 2017 13,319 No RIA for VGKC complex; 

Commercial CBAs 

CSF: LGI1 (0), CASPR2 (0) 

Serum: LGI1 (10) > CASPR2 (6) 

Study focused on LGI1 

and CASPR2 

Epilepsy Center Bethel,16 

Germany; 2011 – 2015 

1,426 No Commercial CBAs GAD (10) > LGI1 (2) = CASPR2 (2); 

serum or CSF N/A 

- 

Danish national cohort;17 2011 – 

2017 

375 No Commercial CBAs; RIA CSF: GAD (9) 

Serum: GAD (3) > CASPR2 (1) 

GABAAR not included 

Switzerland and Germany 

multicenter study;18 2011 – 2018 

2,513 No Commercial CBAs CSF: CASPR2 (4) 

Serum: CASPR2 (8) 

Study focused on CASPR2 

France national cohort;19 2016 – 

2018 

N/A Indirect 

immunofluorescence 

In-house CBAs; Immunoblot In children: LGI1 (0), Hu (0); other Ab 

frequency N/A 

Frequency of other 

antibodies not reported 

Mayo Clinic;20 2018 – 2019 5,649 Indirect 

immunofluorescence  

CBAs; Immunoblot; RIA CSF: GAD (24) > other* 

Serum: GAD (17) > other** 

GABAAR not included 

Our cohort; 2011 – 2022 2,750 Indirect immuno- 

peroxidase   

In-house and commercial CBAs; 

live neuron immunofluorescence; 

immunoblot 

GAD (10) > GABAAR (8) > other*** - 

CBAs: cell-based assays; RIA: radioimmunoassay; VGKC: voltage-gated potassium channel. 

*GFAP (5), Hu (2), LGI1 (2).  

**CASPR2 (8), LGI1 (5), GABABR (3), Hu (2), AMPAR (1).  

***AQP4 (5), Hu (4), GlyR (3), mGluR5 (3), LGI1 (2), GluK2 (2), Neurexin (1), DNER (1), mGluR2 (1), NCAM2 (1), AMPAR & GABABR (1), GFAP (1), D2R (1), Ma2 (1), Yo (1), 

KLHL11 (1). 



 4 

eReferences 

1. Ances BM, Vitaliani R, Taylor RA, et al. Treatment-responsive limbic 

encephalitis identified by neuropil antibodies: MRI and PET correlates. Brain. 

2005;128:1764-1777. 

2. Lai M, Hughes EG, Peng X, et al. AMPA receptor antibodies in limbic 

encephalitis alter synaptic receptor location. Ann Neurol. 2009;65:424-434. 

3. Guasp M, Landa J, Martinez-Hernandez E, et al. Thymoma and autoimmune 

encephalitis: clinical manifestations and antibodies. Neurol Neuroimmunol 

Neuroinflamm. 2021;8:e1053. 

4. Ariño H, Ruiz García R, Rioseras B, et al. Frequency and referral patterns of 

neural antibody studies during the COVID-19 pandemic: experience from an 

autoimmune neurology center. Neurol Neuroimmunol Neuroinflamm. 

2023;10:e200129. 

5. Spatola M, Petit-Pedrol M, Simabukuro MM, et al. Investigations in GABAA 

receptor antibody-associated encephalitis. Neurology. 2017;88:1012-1020. 

6. McKeon A, Martinez-Hernandez E, Lancaster E, et al. Glycine receptor 

autoimmune spectrum with stiff-man syndrome phenotype. JAMA Neurol. 

2013;70:44-50. 



 5 

7. Spatola M, Petit Pedrol M, Maudes E, et al. Clinical features, prognostic factors, 

and antibody effects in anti-mGluR1 encephalitis. Neurology. 2020;95:e3012-

e3025. 

8. Ruiz-García R, Martínez-Hernández E, Joubert B, et al. Paraneoplastic cerebellar 

ataxia and antibodies to metabotropic glutamate receptor 2. Neurol Neuroimmunol 

Neuroinflamm. 2019;7:e658. 

9. Spatola M, Sabater L, Planagumà J, et al. Encephalitis with mGluR5 antibodies: 

symptoms and antibody effects. Neurology. 2018;90:e1964-e1972. 

10. Landa J, Guasp M, Míguez-Cabello F, et al. Encephalitis with autoantibodies 

against the glutamate kainate receptors GluK2. Ann Neurol. 2021;90:101-117. 

11. Greene M, Lai Y, Baella N, Dalmau J, Lancaster E. Antibodies to delta/notch-like 

epidermal growth factor-related receptor in patients with anti-Tr, paraneoplastic 

cerebellar degeneration, and Hodgkin lymphoma. JAMA Neurol. 2014;71:1003-

1008. 

12. Gaig C, Graus F, Compta Y, et al. Clinical manifestations of the anti-IgLON5 

disease. Neurology. 2017;88:1736-1743. 

13. Armangue T, Olivé-Cirera G, Martínez-Hernandez E, et al. Associations of 

paediatric demyelinating and encephalitic syndromes with myelin oligodendrocyte 



 6 

glycoprotein antibodies: a multicentre observational study. Lancet Neurol. 

2020;19:234-246. 

14. Sepulveda M, Delgado-García G, Blanco Y, et al. Late-onset neuromyelitis optica 

spectrum disorder: the importance of autoantibody serostatus. Neurol 

Neuroimmunol Neuroinflamm. 2019;6(6):e607. 

15. López-Chiriboga AS, Klein C, Zekeridou A, et al. LGI1 and CASPR2 

neurological autoimmunity in children. Ann Neurol. 2018;84:473-480. 

16. Bien CG, Bien CI. Autoimmune encephalitis in children and adolescents. Neurol 

Res Pract. 2020;2:4. 

17. Boesen MS, Born AP, Lydolph MC, Blaabjerg M, Børresen ML. Pediatric 

autoimmune encephalitis in Denmark during 2011-17: a nationwide multicenter 

population-based cohort study. Eur J Paediatr Neurol. 2019;23:639-652. 

18. Syrbe S, Stettner GM, Bally J, et al. CASPR2 autoimmunity in children 

expanding to mild encephalopathy with hypertension. Neurology. 2020;94:e2290-

e2301. 

19. Hébert J, Riche B, Vogrig A, et al. Epidemiology of paraneoplastic neurologic 

syndromes and autoimmune encephalitides in France. Neurol Neuroimmunol 

Neuroinflamm. 2020;7(6):e883. 



 7 

20. Kunchok A, McKeon A, Zekeridou A, et al. Autoimmune/paraneoplastic 

encephalitis antibody biomarkers: frequency, age, and sex associations. Mayo Clin 

Proc. 2022;97:547-559. 

 


