Table 1   Clinical information of 83 cases of autoimmune encephalitis with co-existence of multiple anti-neuronal antibodies.

	Case
	Report
	Age(y)/sex
	Symptoms
	Anti-neuronal surface antigen antibodies
	Anti-neuronal intracellular antigen antibodies
	EEG
	MRI distribution
	Tumor
	Treatment
	Outcome

	
	
	
	
	Serum            
	   CSF 
	Serum 
	CSF
	
	
	
	
	

	1
	Current study
	36-40/F
	Seizure， sleep disorder，forgetfulness
	NMDAR（1:10）
CASPR2（1:10）
	—
	—
	—
	Epileptic discharges in left middle temporal
	No abnormal
	—
	Antiepileptic,GC
	Sporadic epilepsy

	2
	Current study
	56-60/F
	headache，psychosis
	NMDAR（1:10）
CASPR2（1:10）
	—
	—
	—
	mild abnormal
	No abnormal
	—
	antiviral
	Fully recovered

	3
	Current study
	70-75/F
	headache，Limb weakness, consciousness disturbance
	GABARβ3 （1:10）
	NMDAR（1:10）
	—
	—
	increase in θ wave
	Temporal, parietal, 

basal ganglia
	—
	GC, IVIG
	Improvement

	4
	Current study
	66-70/M
	Headache,

unresponsive
	GABABR（1:10）
	GABABR（1:10）NMDAR

(1:1)
	—
	—
	α rhythm is slow down and generalized
	No abnormal
	—
	GC, IVIG
	Fully recovered

	5
	Current study
	10-15/F
	Seizure,consciousness disturbance,

psychosis
	NMDAR

(1:32)

CASPR2（1:10）
	NMDAR

(1:10)


	—
	—
	severe diffusion abnormality
	No abnormal
	—
	Antiepileptic,PP, GC, IVIG, Immunosuppressant
	Improvement

	6
	Current study
	70-75/M
	cognitive impairment
	AMPAR2

(1:100)
	AMPAR2

(1:1000)
	Hu(+)
	Hu(+)
	ND
	Temporal,

Occipital
	suspected lung cancer
	Refused treatment 
	Died

	7
	Current study
	66-70/F
	dizziness, slow reaction, damaged memory， sleep disorder
	IGLON5

(1:100),

LGI1

(1:10)
	IGLON5

(1:10),

LGI1

(1:10)
	—
	—
	mild abnormal
	Temporal lobes, insular cortex
	—
	 GC, IVIG, Immunosuppressant
	Improvement

	8
	Current study
	66-70/M
	Seizure,dementia,hallucination
	LGI1 (1:32)

CASPR2（1:32）
	LGI1 (1:10)
	—
	—
	increase in θ wave
	Hippocampus
	—
	Antiepileptic,GC ,IVIG
	Improvement

	9
	Current study
	60-65/M
	Seizure,psychosis,consciousness disturbance
	GABABR（1:32）


	GABABR（1:10）,

NMDAR

(1:3.2)
	GAD65

(1:350)
	GAD65

(1:10)


	diffuse slowing wave
	No abnormal
	Suspecte lung cancer
	Antiepileptic,GC ,IVIG
	Died

	10
	Ren et al[4]
	60-65/M
	Seizure,Forgetfulness,drowsiness,bucking
	GABABR
	GABABR
	Hu(+)
	—
	ND
	No abnormal
	Lung cancer
	 GC, IVIG
	Improvement

	11
	Ren et al[4]
	60-65/M
	Seizure,Forgetfulness,drowsiness
	GABABR
	GABABR
	Hu(+)
	—
	ND
	No abnormal
	Lung cancer
	 GC, IVIG
	Improvement

	12
	Ren et al[4]
	56-60/M
	Seizure,psychosis
	GABABR
	GABABR
	Hu(+)
	Hu(+)
	ND
	Hippocampus
	Lung cancer
	 GC, IVIG
	Improvement

	13
	Ren et al[4]
	56-60/M
	Psychosis,Forgetfulness,numbness of limbs
	GABABR
	GABABR
	Hu(+)
	Hu(+)
	ND
	Hippocampus
	Lung cancer
	 GC, IVIG
	Died

	14
	Ren et al[4]
	60-65/M
	Seizure, Forgetfulness,coma
	GABABR
	GABABR, NMDAR
	Hu(+)
	—
	ND
	ND
	Lung cancer
	 GC, IVIG
	Died

	15
	Ren et al[4]
	40-45/F
	Seizure, aypnia, myodynia, fibrillation
	LGI1 ,
CASPR2
	LGI1
	—
	—
	ND
	No abnormal
	—
	GC, IVIG
	Improvement

	16
	Ren et al[4]
	56-60/F
	Seizure, Forgetfulness, drowsiness
	LGI1
	LGI1
	Yo
	Yo
	ND
	No abnormal
	—
	GC, IVIG
	Improvement

	17
	Ren et al[4]
	50-55/F
	Forgetfulness,psychosis
	AMPAR
	AMPAR
	CV2
	CV2
	ND
	No abnormal
	Thymoma
	ND
	Improvement

	18
	Ren et al[4]
	50-55/F
	Psychosis, bucking, dysphagia
	AMPAR
	AMPAR
	Hu
	—
	ND
	Cerebral cortex
	Mediastinum tumor
	ND
	Died

	19
	Li et al[3]
	56-60/M
	Seizure, coma
	GABABR
	GABABR
	Hu
	GAD65
	  θ background rhythm
	No abnormal
	Lung cancer
	IVIG, Immunosuppressant
	Died

	20
	Li et al[3]
	60-65/M
	Seizure
	GABABR
	GABABR, NMDAR
	ND
	ND
	diffuse slowing wave
	No abnormal
	Lung cancer
	IVIG
	Died

	21
	Li et al[3]
	60-65/M
	Seizure, Psychosis, cognitive impairment
	GABABR
	GABABR
	Hu
	—
	—
	No abnormal
	Mediastinum tumor
	GC, Immunosuppressant
	Died

	22
	Li et al[3]
	40-45/M
	consciousness disturbance, unresponsive
	—
	NMDAR
	ND
	Yo
	Slow wave background rhythm
	Frontal, parietal, temporal, insula, hippocampus, basal ganglia
	—
	GC
	Improvement

	23
	Li et al[3]
	50-55/M
	cognitive impairment, hallucination 
	—
	NMDAR
	Hu
	—
	—
	Frontal and temporal lobes, cingulate gyrus, hippocampus, basal ganglia, brain stem
	—
	GC, IVIG
	Improvement

	24
	Li et al[3]
	66-70/M
	decline in memory
	LGI1
	—
	Ma2
	—
	—
	No abnormal
	—
	GC
	Improvement

	25
	Li et al[3]
	50-55/M
	Chorea, hypsomnia, eye muscle paralysis, ataxia
	CASPR2
	CASPR2
	Tr
	Tr
	—
	No abnormal
	—
	GC, IVIG, Immunosuppressant
	Improvement

	26
	Hang shuang  et al[24]
	66-70/M
	Seizure, Psychosis
	GABABR
	NMDAR, GABABR
	—
	—
	Slow wave background rhythm
	Hippocampus
	Lung cancer
	GC
	Died

	27
	Liu xiaoyan  et al[9]
	56-60/F
	Seizure, consciousness disturbance
	LGI1, NMDAR
	—
	—
	—
	ND
	—
	—
	GC, IVIG
	Improvement

	28
	Zhu hongmin et al[13] 
	6-10/M
	Seizure, consciousness disturbance, psychosis 
	NMDAR, GABABR
	NMDAR, GABABR
	—
	—
	Epileptoid discharge, diffuse slowing wave
	Frontal , temporal, insular, hippocampus, basal ganglia
	—
	GC, IVIG, Immunosuppressant
	Improvement

	29
	Xie Y et al[2]
	60-65/M
	seizures, irritability, confusion, memory loss, insomnia , abnormal behavior
	LGI1， GABABR
	—
	—
	—
	Moderate difusion abnormality
	No abnormal
	—
	GC
	Improvement

	30
	Wang XJ et al[25]
	66-70/F
	Memory loss, cognitive impairment, aphemia
	LGI1
	—
	Hu
	—
	 Localized abnormality
	Frontal , temporal, parietal , occipital lobe
	—
	GC
	Improvement

	31
	Wang XJ et al[25]
	56-60/F
	seizures, memory loss, dystonia, drowsiness
	NMDAR, LGI1
	—
	—
	—
	ND
	No abnormal
	Lung cancer
	GC, IVIG
	Improvement

	32
	Wang XJ et al[25]
	80-85/F
	seizures, memory loss, cognitive impairment
	—
	GABABR
	Hu
	—
	ND
	Hippocampus, temporal
	Lung cancer
	 IVIG
	Died

	33
	Wang XJ et al[25]
	50-55/M
	sensory aphasia, memory loss, 
	—
	NMDAR
	Ma2
	—
	—
	Hippocampus, temporal, occipital lobe
	—
	ND
	Improvement

	34
	Wang XJ et al[25]
	60-65/F
	seizures, memory loss, cognitive impairment
	—
	GABABR
	amphiphsin
	—
	difusion abnormality
	Hippocampus, temporal
	Lung cancer
	GC
	Died

	35
	Wang XJ et al[25]
	66-70/M
	seizures, memory loss, psychosis, hyponatremia
	LGI1
	NMDAR, LGI1
	—
	—
	ND
	ND
	—
	GC
	Improvement

	36
	Wang XJ et al[24]
	40-45/F
	seizures, memory loss, psychosis
	—
	NMDAR
	Yo
	—
	ND
	Hippocampus, temporal
	Hysteromyoma
	GC
	Improvement

	37
	Qiu ZD et al[6]
	80-85/F
	memory loss, psychosis
	GABABR
	GABABR
	amphiphysin
	amphiphysin
	ND
	Hippocampus, temporal
	Breast cancer
	 Refused treatment 
	No change

	38
	Qiu ZD et al[6]
	60-65/F
	Numbness and weakness of limbs, 
	—
	—
	SOX 1, Titin
	SOX 1
	ND
	ND
	Bile duct cancer
	ND
	Died

	39
	Qiu ZD et al[6]
	70-75/M
	seizures, memory loss, numbness and weakness of lower limb
	GABABR
	GABABR
	Amphiphysin, Hu, GAD 65 
	Amphiphysin, Hu, GAD 65 
	ND
	ND
	Gastric cancer
	Refused treatment 
	Died

	40
	Qiu ZD et al[6]
	60-65/M
	seizures, memory loss
	LGI1
	LGI1
	Yo
	Yo
	ND
	Hippocampus
	Pulmonary nodules
	IVIG
	Improvement

	41
	Qiu ZD et al[6]
	70-75/M
	weakness, cognitive impairment
	LGI1, CASPR2
	—
	—
	—
	ND
	ND
	Thymoma
	IVIG
	Improvement

	42
	Qiu ZD et al[6]
	60-65/M
	numbness and weakness of lower limb
	—
	—
	Hu, Ri
	Hu, Ri
	ND
	ND
	Lung cancer
	GC
	Died

	43
	Reyes N et al[22]
	20-25/F
	seizures, memory lapses, bizarre behavior, auditory hallucinations
	NMDAR, 

VGKC
	NMDAR
	—
	—
	electrographic focal seizures
	ND
	Mature ovarian teratoma
	GC, IVIG
	Improvement

	44
	Chung HY et al[10]
	56-60/M
	depressive episode, gait instability, sleep disorder, hallucinations
	IgLON5, GABABR
	IgLON5
	—
	—
	No abnormal
	No abnormal
	—
	PP, GC,  Immunosuppressant
	Improvement

	45
	Kammeyer R et al[22]
	66-70/M
	worsening balance, diplopia, confusion
	—
	NMDAR
	GAD65
	Ma1, Ma2
	diffuse and intermixed slowing
	Brainstem, temporal lobes, basal ganglia
	Suspected lung tumor
	PP, GC,  Immunosuppressant
	Died

	46
	Gagnon MM et al[21]
	36-40/F
	confused disoriented, myoclonus, nystagmus 
	—
	GABABR
	—
	GAD 65
	epileptiform discharges
	Hippocampus
	—
	GC, IVIG Immunosuppressant
	Improvement

	47
	Kim AE et al[19]
	66-70/M
	cognitive impairment , gait instability,  spasticity
	—
	NMDAR
	Hu, CV2
	Hu, CV2
	ND
	Basal ganglia
	—
	PP, GC, IVIG Immunosuppressant
	Died

	48
	Höftberger R et al[7]
	40-45/M
	Limbic encephalitis
	ND
	GABABR, 

NMDAR
	—
	—
	ND
	ND
	—
	GC, Immunosuppressant
	Improvement

	49
	Höftberger R et al[7]
	60-65/F
	Status epilepticus
	—
	GABABR
	—
	GAD 65
	epileptiform discharges
	ND
	—
	ND
	Died

	50
	Höftberger R et al[7]
	60-65/M
	Limbic encephalitis
	GABABR
	GABABR
	—
	SOX1
	ND
	ND
	small-cell lung cancer
	Chemotherapy
	Died

	51
	Höftberger R et al[7]
	60-65/M
	Limbic encephalitis
	GABABR
	GABABR
	—
	Ri
	ND
	ND
	small-cell lung cancer
	ND
	Died

	52
	Höftberger R et al[7]
	66-70/F
	Limbic encephalitis
	GABABR
	GABABR
	—
	SOX1
	ND
	ND
	small-cell lung cancer
	GC, IVIG 
	Died

	53
	Höftberger R et al[7]
	70-75/M
	Limbic encephalitis
	GABABR
	ND
	SOX1
	ND
	ND
	ND
	small-cell lung cancer
	ND
	Died

	54
	Höftberger R et al[7]
	76-80/M
	Limbic encephalitis
	GABABR
	GABABR
	ND
	Amphiphysin
	ND
	ND
	small-cell lung cancer
	GC, IVIG 
	Died

	55
	Qi HC et al[26]
	30-35/F
	Seizures, psychosis, hyponatremia
	NMDAR, GABABR
	NMDAR
	—
	—
	diffuse slowing wave
	No abnormal
	—
	GC, IVIG
	Improvement

	56
	Qi HC et al[25]
	40-45/F
	Seizures, memory impairments
	LGI1, CASPR2
	LGI1
	—
	—
	diffuse slowing wave
	Hippocampus, occipital lobe
	—
	GC, IVIG
	Improvement

	57
	Qin W  et al[27]
	56-60/F
	Seizures, 

memory deficit


	GABABR
	GABABR
	SOX1
	—
	epileptiform discharge
	Hippocampus
	small-cell lung cancer
	 IVIG
	Improvement

	58
	Yang J et al[14]
	36-40/F
	Seizures, psychosis, memory impairments
	NMDAR, 

AMPAR
	NMDAR, 

AMPAR
	—
	—
	 diffused slow wave
	Temporal ,  hippocampus
	ovarian teratoma
	Antiviral, GC, IVIG, Immunosuppressant
	Improvement

	59
	Liu RX et al[28]
	46-50/M
	Seizures, memory deficit, consciousness disturbance
	—
	NMDAR, GABABR


	—
	—
	diffused slow wave
	No abnormal
	small-cell lung cancer
	Antiepileptic,GC, IVIG, Immunosuppressant
	Died

	60
	Tian S et al[29]
	20-25/M
	Seizures, ataxia
	NMDAR, 
	NMDAR, 

DPPX
	—
	—
	epileptiform discharge, diffused slow wave
	Cerebellar,   brainstem
	—
	Antiepileptic,GC
	Improvement

	61
	Fan XM et al[30]
	60-65/M
	Seizures, memory impairments
	LGI1
	LGI1
	GAD 65
	GAD 65
	epileptiform discharge
	Hippocampus
	—
	Antiepileptic, GC,IVIG
	Improvement

	62
	Xia J et al[11]
	46-50/M
	Seizures, memory impairment, visual hallucinations,consciousness disturbance
	GABABR
	GABABR
	CV2
	CV2
	epileptiform discharge
	Temporal ,  hippocampus
	—
	Antiepileptic, GC,IVIG
	Improvement

	63
	Li H et al[5]
	56-60/M
	seizure,

 memory impairments, weakness,  change in character
	GABABR
	ND
	CV2
	ND
	No abnormal
	No abnormal
	small-cell lung cancer
	Antiepileptic, GC,IVIG, Chemotherapy
	Improvement

	64
	Gong S et al[32]
	56-60/M
	seizures，cognitive impairment 
	GABABR
	GABABR
	SOX1
	—
	epileptiform discharge
	 hippocampus
	small cell lung cancer
	Antiepileptic, GC,IVIG
	Improvement

	65
	Qiao S et al[31]
	60-65/F
	Impaired memory, unsteady walking
	NMDAR
	NMDAR
	CV2
	—
	diffuse slowing wave
	No abnormal
	—
	GC, IVIG, Immunosuppressant
	Improvement

	66
	Qiao S et al[31]
	10-15/M
	Speech impairment, impaired memory, seizures
	NMDAR
	NMDAR
	—
	CV2
	diffuse slowing wave, epileptiform discharge
	No abnormal
	—
	GC, IVIG
	Improvement

	67
	Qiao S et al[31]
	46-50/M
	Abnormal sensation, seizures
	 LGI1
	 LGI1
	Yo
	—
	diffuse slowing wave
	No abnormal
	—
	GC, IVIG
	Improvement

	68
	Qiao S et al[31]
	66-70/M
	 Impaired memory, seizures, consciousness disturbance
	GABABR
	GABABR
	Hu
	—
	diffuse slowing wave
	No abnormal
	small-cell lung cancer
	GC, IVIG
	Died

	69
	Qiao S et al[31]
	60-65/F
	Memory impairment, psychosis, seizures, generalized weakness
	GABABR
	GABABR
	Hu, Yo
	—
	epileptiform discharge
	No abnormal
	small-cell lung cancer
	Refused treatment 
	Died

	70
	Qiao S et al[31]
	46-50/M
	Memory impairment, psychosis, abnormal sensation, hallucinations
	NMDAR
	—
	GAD 65

SOX1
	GAD 65

SOX1
	ND
	ND
	small-cell lung cancer
	No immunotherapy
	Improvement

	71
	Qiao S et al[31]
	56-60/F
	Sleep disorders, seizures, memory impairment
	CASPR2
	—
	Ma2
	—
	diffuse slowing wave
	No abnormal
	—
	GC, IVIG
	Improvement

	72
	Qiao S et al[31]
	20-25/M
	Memory impairment, seizures,sleep disturbance
	NMDAR,

AMPA1,

AMPA2
	NMDAR,

AMPA1, 

AMPA2
	Ma2
	—
	diffuse slowing wave
	Frontal，insula
	—
	GC, IVIG
	Improvement

	73
	Qiao S et al[31]
	70-75/M
	headache, unsteady walking, hallucinations, psychosis, consciousness disturbance
	GABABR
	GABABR
	Hu
	Hu
	No abnormal
	Multiple foci of ischemia
	 mediastinal tumors
	GC, IVIG
	Improvement

	74
	Qiao S et al[31]
	70-75/M
	Memory loss, cognitive decline, psychosis
	GABABR,

AMPA1
	GABABR,

AMPA1
	SOX1
	—
	ND
	hippocampus
	small-cell lung cancer
	GC, IVIG
	Died

	75
	Qiao S et al[31]
	16-20/M
	Fever, abnormal mental behavior, psychosis
	NMDAR
	NMDAR
	Yo
	—
	ND
	ND
	—
	PP, GC, IVIG Immunosuppressant
	Improvement

	76
	Qiao S et al[31]
	70-75/F
	Seizures, psychosis, consciousness disturbance
	NMDAR
	NMDAR
	Yo
	—
	ND
	Frontal
	—
	GC, IVIG
	Improvement

	77
	Qiao S et al[31]
	1-5/M
	Seizures, personality changes, consciousness disturbance
	NMDAR
	NMDAR
	Ma2
	—
	diffuse slowing wave
	No abnormal
	—
	GC, IVIG
	Improvement

	78
	Qiao S et al[31]
	46-50/M
	seizures，memory loss, cognitive decline,hallucinations, personality changes
	 LGI1
	 LGI1
	Yo
	—
	diffuse slowing wave
	hippocampus
	—
	GC, IVIG
	Improvement

	79
	Qiao S et al[31]
	16-20/M
	 Headache, seizures, numbness in right limb
	NMDAR,

CASPR2
	NMDAR,

CASPR2
	—
	—
	diffuse slowing wave
	No abnormal
	—
	GC, IVIG
	Improvement

	80
	Qiao S et al[31]
	10-15/F
	Impaired memory, seizures, consciousness disturbance
	NMDAR,

CASPR2
	NMDAR
	—
	—
	No abnormal
	No abnormal
	—
	GC, IVIG
	Improvement

	81
	Qiao S et al[31]
	10-15/M
	Headache, memory loss, pain in both lower limbs, paroxysmal involuntary movements of both lower limbs
	NMDAR,

CASPR2
	NMDAR
	—
	—
	No abnormal
	White matter lesions
	—
	GC, IVIG
	Improvement

	82
	Qiao S et al[31]
	60-65/M
	Memory impairment, seizures, FBDS
	NMDAR,

LGI1
	NMDAR,

LGI1
	—
	—
	diffuse slowing wave
	Ischemic focus in the right frontal lobe
	—
	GC, IVIG
	Improvement

	83
	Qiao S et al[31]
	20-25/F
	Headache, memory impairment,  involuntary movements 
	NMDAR,


	NMDAR,

AMPA1
	—
	—
	No abnormal
	 Temporal, hippocampus, brain stem
	—
	GC, IVIG
	Improvement


CSF: cerebrospinal fliud; AE：autoimmune encephalitis；F: female; FBDS: faciobrachial dystonic seizure; GC: glucocorticoids; IVIG: intravenous human immunoglobulin; M: male; ND: no data. PP: Plasmapheresis;
