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Objective: Autoimmune encephalitis (AE) is a severe neurological disorder often associated with seizures, but the risk factors for 
seizures in AE remain unclear. This study aimed to compare the clinical features and laboratory results between AE patients with and 
without seizures, focusing on the potential role of peripheral blood (PB) eosinophil counts as a predictive biomarker for seizures.
Methods: A retrospective cohort study was conducted on 106 AE patients admitted to the First Affiliated Hospital of Anhui Medical 
University. Patients were divided into two groups based on seizure presence: the seizure group (n=48) and the non-seizure group 
(n=58). A control group of 34 patients with AQP4-IgG-positive neuromyelitis optica spectrum disorder (NMOSD) was included. 
A control group of 34 patients with AQP4-IgG-positive neuromyelitis optica spectrum disorder (NMOSD), a demyelinating condition 
not typically associated with neuronal autoantibodies or seizures, was included for comparison. Clinical features and laboratory results 
were compared, with statistical analysis including univariate and multivariate logistic regression, as well as receiver operating 
characteristic (ROC) curve analysis.
Results: The seizure group had significantly higher rates of prodromal symptoms, impaired consciousness, cerebrospinal fluid (CSF) 
protein (>0.45g/L) and CSF glucose levels, blood-brain barrier (BBB) dysfunction, and PB eosinophil counts compared to the non- 
seizure and control groups (all P<0.05). PB eosinophil counts were identified as an independent predictor of seizures.
Conclusion: Specific clinical and laboratory features are closely associated with seizures in AE. Increased PB eosinophil counts may 
serve as a novel biomarker for seizure risk in AE patients.
Keywords: autoimmune encephalitis, seizures, eosinophils, neuroinflammation

Background
Autoimmune encephalitis (AE) is a severe, potentially life-threatening disorder caused by immune-mediated brain inflamma
tion. It presents with neurological and psychiatric symptoms, including seizures, which affect patients’ quality of life and 
prognosis. The annual incidence of encephalitis is estimated at five to eight cases per 100,000 individuals, with autoimmune 
causes accounting for 40–50% of cases with an unknown etiology.1 Common clinical features include seizures, altered 
consciousness, neuropsychiatric disturbances, and cognitive impairment, which may vary depending on the AE subtype.2 

Despite these well-established clinical symptoms, there remains a lack of comprehensive studies directly comparing AE 
patients with seizures to those without, particularly in terms of clinical features and risk factors. However, comprehensive 
studies directly comparing these two groups remain limited.

Seizures are a common and debilitating complication of AE, often associated with poor prognosis, prolonged hospitaliza
tion, and increased risk of cognitive decline. For example, Irani et al demonstrated that in patients with LGI1 antibody- 
associated encephalitis, early-onset faciobrachial dystonic seizures predicted the development of cognitive impairment, which 
could be prevented with timely immunotherapy.3 These findings underscore the importance of early seizure recognition and 
immunological management in altering disease outcomes Moreover, epilepsy and autoimmune diseases frequently co-occur, 
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possibly due to shared pathophysiological mechanisms such as antibody-mediated synaptic dysfunction, BBB disruption, and 
chronic neuroinflammation.4 However, the specific immune mechanisms that predispose AE patients to seizures remain 
poorly understood.

Eosinophils, traditionally known for their role in allergic and parasitic diseases, have recently been implicated in 
neuroinflammation and epilepsy through the release of cytokines, granule proteins, and neuroactive mediators. These 
mechanisms can influence neuronal excitability, contribute to blood–brain barrier (BBB) dysfunction, and promote 
epileptogenesis.5,6 Although data remain limited, such findings provide a biologically plausible rationale for exploring 
eosinophils as a seizure-related biomarker in autoimmune encephalitis.

This study aims to deepen our understanding of AE pathophysiology, particularly in identifying high-risk patients. By 
elucidating key risk factors and clinical markers, including eosinophil counts, the findings could improve diagnostic 
accuracy, facilitate early intervention, and guide more effective treatment strategies for AE, particularly in patients at 
higher risk for seizures.

Methods
Participants
This study retrospectively enrolled 106 patients diagnosed with AE at the Department of Neurology, First Affiliated 
Hospital of Anhui Medical University, between January 2020 and January 2025. Patients were categorized into two 
groups based on the presence or absence of seizures. Numerical details regarding age, sex, and subgroup allocation are 
presented in the Results section.

The patients who tested negative for AE-specific antibodies in cerebrospinal fluid (CSF) and/or serum were also 
included in the study. These patients had Antibody Prevalence in Epilepsy and Encephalopathy (APE2) scores≥4, 
indicating a high likelihood of autoimmune antibody positivity.7–10 Moreover, these patients showed a positive response 
to immunotherapies, further supporting the diagnosis of AE. Based on these factors, they were included in the final 
cohort.

The inclusion criteria for the study were as follows, in accordance with the diagnostic criteria for AE:

a) Compliance with the diagnostic criteria outlined in the “Chinese Expert Consensus on the Diagnosis and 
Treatment of Autoimmune Encephalitis” (2022 edition).11

b) Positive detection of AE surface neuron-specific antibodies in CSF and/or serum, serving as key biomarkers for 
diagnosing AE.

c) In cases where AE-specific antibodies were not detected in CSF or serum, the diagnosis was supported by typical 
clinical symptoms consistent with AE and a positive response to first-line immunotherapies, including intravenous 
methylprednisolone (IVMP), intravenous immunoglobulin (IVIG), or plasmapheresis.

The exclusion criteria for this study were as follows:
Seizures fully attributable to pre-existing epilepsy of a different etiology.

a) The presence of antibodies to other central nervous system (CNS) diseases that could confound the diagnosis of 
AE.

b) Exclusion of other potential causes, such as infectious encephalitis, cerebrovascular diseases, or brain tumors, 
based on clinical evaluation and relevant diagnostic tests.

The control group consisted of 34 patients with AQP4-IgG-positive neuromyelitis optica spectrum disorder (NMOSD). 
NMOSD was selected as the control condition because it represents an autoimmune demyelinating disease characterized 
by AQP4-IgG antibodies, with a low risk of seizures and no neuronal autoantibody involvement.12 This allows for clearer 
differentiation of seizure-specific immune signatures in AE, making it suitable for distinguishing the risk factors in AE 
from broader immune-inflammatory responses.
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Inclusion Criteria for the Control Group:

a) NMOSD was diagnosed based on the 2006 Wingerchuk criteria, with AQP4-IgG seropositivity and a history of 
longitudinally extensive myelitis (≥3 vertebral segments) or optic neuritis.13–15 Age and sex matching.

b) No history of seizures, cognitive or psychiatric disorders.

Exclusion Criteria for the Control Group:

a) Overlap with other autoimmune diseases.
b) Recent immunosuppressive treatment.
c) Incomplete clinical or laboratory data.

The control group was matched for admission time, and peripheral blood (PB) indicators were compared with the those 
of AE group. Demyelinating diseases were chosen as the control because they rarely present with seizures, thereby 
facilitating a more accurate evaluation of seizure risk factors associated with AE.

This study was approved by the Institutional Review Board of Anhui Medical University (Ethical approval number: 
2022116, date: 2022.03.01), and informed consent was waived due to its retrospective design and use of anonymized data.

Clinical Data
Clinical features and laboratory results for the enrolled patients were retrospectively collected from the electronic 
medical records system. The clinical features included demographic information (sex and age at onset), prodromal 
symptoms, and predominant symptoms. The laboratory results included CSF findings and PB cell counts.

Clinical Features
Prodromal symptoms refer to early signs or symptoms that precede the onset of the typical disease manifestations.16,17 

These prodromal symptoms can vary among patients and often serve as early indicators of the disease. In AE, the 
prodrome often includes non-specific signs such as fever, headache, or malaise, which may be subtle and easily 
overlooked or misattributed to other causes.

The predominant symptoms refer to the primary clinical manifestations observed during the acute phase of the 
illness, which are frequently associated with neurological impairments. These may include seizures, altered conscious
ness, cognitive dysfunction, or psychiatric symptoms, which are more clearly identifiable and typically serve as 
hallmark for diagnosing AE with seizures. However, it is important to note that the recognition and interpretation of 
these symptoms can be influenced by factors such as the patient’s ability to communicate, cognitive status, and 
concurrent conditions. Therefore, the classification of these symptoms is not entirely objective and may vary based on 
individual circumstances.

Laboratory Results
Laboratory results consisted of CSF findings and PB cell counts, both of which were conducted within 24 hours of 
admission, prior to the initiation of any immunotherapy, including IVIG. This timing ensured that antibody detection 
results were not influenced by potential passive transfer of antibodies through IVIG administration.18 CSF findings 
included measurements of opening pressure, leukocytes, protein, chloride and glucose levels, as well as the detection of 
AE-related antibodies in CSF and/or serum. PB cell counts included leukocytes, neutrophils, eosinophils, basophils, 
lymphocytes, monocytes, and albumin levels. Blood-brain barrier (BBB) dysfunction was assessed by calculating the 
ratio of CSF albumin to serum albumin. A ratio exceeding the normal value indicated BBB dysfunction.19–21The normal 
value for this ratio was calculated using the following formula:

where b0 represents the constant term, b1 to bn are the regression coefficients for specific covariates, and x1 to xn 

represent the corresponding covariate values. A P-value < 0.05 was considered statistically significant for all analyses.
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Results
Clinical Data
Demographic Information
There were 54 males and 52 females, with a mean age at onset of 44.01 ± 16.732 years (range: 16–80 years), 48 in the 
seizure group and 58 in the non-seizure group. Among the 106 AE patients, the majority were seropositive, with AE- 
related neuronal antibodies detected in either CSF or serum. A subset of patients (n = 14) tested negative for antibodies 
but were clinically diagnosed with probable AE based on an APE2 score ≥ 4 and a favorable response to first-line 
immunotherapies, in accordance with expert consensus recommendations. These patients were included in the analysis.

No significant differences in age or sex distribution were observed among the three groups. However, the seizure 
group exhibited a younger age at onset compared to the non-seizure group and the control group (Table 1).

Clinical Features
Prodromal symptoms, such as fever and headache, were significantly more prevalent in the seizure group than in the non- 
seizure and control groups (P<0.05).

About predominant symptoms, the seizure group was predominantly characterized by seizures and impaired con
sciousness (25.0%), while the non-seizure group was primarily associated with headache (31.0%), cognitive impairment 
(41.4%) and psychobehavioral abnormalities (48.3%). In contrast, the control group exhibited motor dysfunction 
(29.4%), sensory disturbances (73.5%) and visual disturbances (32.4%). Dizziness was reported in 13.8% of patients 
in the non-seizure group, compared to 8.3% in the seizure group and 8.8% in the control group, but the difference was 
not statistically significant (P=0.611) (Table 1).

The antibody distribution among the 106 AE patients was as follows: anti-NMDAR (n = 39), anti-LGI1 (n = 31), anti- 
GABABR (n = 8), anti-mGluR5 (n = 3), anti-IgLON5 (n = 2), and anti-CASPR2 (n = 1). Additionally, 14 patients were 
seronegative but fulfilled the diagnostic criteria for probable AE based on an APE2 score ≥ 4 and a favorable response to 
first-line immunotherapy. Eight patients tested positive for mixed or other rare antibodies (eg, AMPAR1/2, NMDA 
+mGluR5, GABAB+NMDAR) and were grouped as “Other”.

Table 1 Comparison of clinical features in seizure group, non-seizure group and control group

Subjects Seizure  
Group (n=48)

Non-Seizure  
Group(n=58)

Control  
Group (n=34)

F/T P

Demographic information 
Sex [n/N (%)]

Males 24(50.0) 30(51.7) 11(32.4) 3.608 0.165

Females 24(50.0) 28(48.3) 23(67.6)

Age at onset [years, X±S] 41.900±14.716 45.760±18.174 44.240±14.179 0.756 0.472
Prodromal symptoms [n/N (%)] 38(79.2) 21(36.2) 17(50.0) 19.864 <0.001*

Predominant symptoms [n/N (%)]
Seizures 48(100.0) 0(0) - 106.000 <0.001*
Impaired consciousness 12(25.0) 3(5.2) - 8.499 0.004*

Headache 8(16.7) 18(31.0) 2(5.9) 8.982 0.011*

Dizziness 4(8.3) 8(13.8) 3(8.8) 0.986 0.611
Motor dysfunction 3(6.3) 5(8.6) 10(29.4) 11.116 0.004*

Sensory disturbances 9(18.8) 8(13.8) 25(73.5) 40.825 <0.001*

Visual disturbances 1(2.1) 9(15.5) 11(32.4) 14.323 <0.001*
Cognitive impairment 10(20.8) 24(41.4) - 5.089 0.024*

Psychobehavioral abnormalities 9(18.8) 28(48.3) - 10.077 0.002*

Notes: F/T: for continuous variables, one-way ANOVA F-value; for categorical variables, Chi-square or Fisher exact test statistic, as applicable. 
*Indicating statistically significant difference (P < 0.05).
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Among the 48 patients who experienced seizures, 33 had generalized tonic-clonic seizures (GTCS), 14 presented with 
focal seizures, and 1 was admitted with status epilepticus (SE). Detailed subclassification into refractory or super- 
refractory SE (RSE/SRSE) was not documented and therefore not analyzed.

Laboratory results
In the analysis that included a control group of patients with NMOSD, one-way ANOVA and Pearson chi-square tests 
were used to compare laboratory results across the three groups.

Significant differences were observed among the three groups in CSF protein (>0.45 g/L), CSF glucose, BBB 
dysfunction, and PB eosinophil counts (all P<0.05). Laboratory data showed no significant differences in CSF pressure, 
leukocyte counts, chloride levels, or PB cell counts (including leukocytes, neutrophils, basophils, monocytes, and 
lymphocytes) among the three groups (all P>0.05).

The seizure group exhibited a higher proportion of patients with elevated CSF protein levels (>0.45 g/L), increased CSF 
glucose, and higher PB eosinophil counts. Additionally, BBB dysfunction was more prevalent in the seizure group, with 
significant differences noted. Post-hoc multiple comparisons revealed significantly higher eosinophil counts in the seizure 
group compared to both the non-seizure and control groups. No significant difference in eosinophil counts was observed 
between the non-seizure group and the control group. These findings further underscore the potential role of eosinophil 
counts as a risk factor for seizures in AE, with notably higher eosinophil levels observed in the seizure group. These results 
suggest that elevated neuroinflammatory markers, including increased eosinophil counts, elevated CSF protein levels 
(>0.45g/L), and BBB dysfunction, may contribute to the pathophysiology of seizures in patients with AE (Table 2).

Risk Factor Analysis
As the primary objective of this study was to identify risk factors for seizures in patients with AE, logistic regression and ROC curve 
analyses were performed by comparing the seizure and non-seizure groups. This approach was chosen to specifically evaluate seizure 
risk within the AE population, ensuring that the predictive model directly addresses the clinical question of interest.

The analysis identified several factors that effectively distinguished between patients with AE presenting with 
seizures and those without seizures: prodromal symptoms, impaired consciousness, psychobehavioral abnormalities, 

Table 2 Comparison of Laboratory Results in Seizure Group, Non-Seizure Group and Control Group

Laboratory Results Seizure Group 
(n=48)

Non-Seizure Group 
(n=58)

Control Group 
(n=26)

F/T P

CSF
Pressure (mmH2O) 152.270±53.533 159.910±55.072 143.150±57.242 0.866 0.423

Pressure>180mmH2O [n/N (%)] 13(27.1) 16(27.6) 6(23.1) 0.200 0.905
Leukocytes (×10^6 /L) 17.560±28.994 30.670±57.966 41.040±52.412 2.166 0.119

Protein (g/L) 0.463±0.252 0.485±0.531 0.603±0.548 0.859 0.426

Elevated protein (>0.45g/L) [n/N (%)] 28(58.3) 16(27.6) 13(50.0) 10.734 0.005*
Chloride (mmol/L) 122.180±4.798 120.480±6.504 121.512±4.529 1.245 0.291

Glucose (mmol/L) 4.040±1.194 3.680±1.208 3.350±0.580 3.401 0.036*

BBB dysfunction [n/N (%)] 39(81.3) 30(51.7) 8(30.8) 19.541 <0.001*
PB
Leukocytes (×10^9/L) 7.411±2.389 8.250±3.646 6.910±2.753 2.260 0.108

Neutrophils (×10^9/L) 5.087±2.135 5.896±3.289 4.590±2.263 2.734 0.068
Eosinophils (×10^9/L) 0.129±0.127 0.067±0.068 0.082±0.098 5.404 0.006*

Basophils (×10^9/L) 0.040±0.061 0.033±0.042 0.026±0.018 0.925 0.399

Lymphocytes (×10^9/L) 1.714±0.732 1.819±1.052 1.753±0.868 0.179 0.837
Monocytes (×10^9/L) 0.467±0.203 0.459±0.201 0.460±0.243 0.018 0.982

Albumin (g/L) 40.010±4.567 40.560±5.497 41.892±2.645 1.348 0.263

Notes: F/T: for continuous variables, one-way ANOVA F-value; for categorical variables, Chi-square or Fisher exact test statistic, as applicable. * Indicating 
statistically significant difference (P < 0.05). 
Abbreviations: BBB, blood-brain barrier; CSF, cerebrospinal fluid; PB, peripheral blood.
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cognitive impairment, elevated CSF protein (>0.45g/L), PB eosinophil counts, and BBB dysfunction. Prodromal 
symptoms and PB eosinophil counts were strongly linked to an increased likelihood of seizures (P<0.05). In contrast, 
predominant symptoms, such as psychobehavioral abnormalities and cognitive impairment, demonstrated significant 
diagnostic value, with the presence of these symptoms being associated with a reduced risk of seizures (P<0.05).

PB eosinophil counts emerged as a significant independent risk factor for seizures in AE, with higher eosinophil 
counts notably increasing the likelihood of seizures (Table 3). The predictive model, which incorporated these indepen
dent variables, achieved an accuracy of 81.3% for diagnosing AE with seizures, 87.9% for AE without seizures, and 
84.9% overall, demonstrating strong diagnostic discrimination.

ROC Curve Analysis
ROC curves were employed to evaluate the diagnostic value of eosinophil counts and the predictive model.

Eosinophil counts alone demonstrated moderate diagnostic value, with an area under the curve (AUC) of 0.667 (95% CI 
0.563–0.772, P = 0.003), a maximum Youden’s index of 0.281, sensitivity of 0.333, and specificity of 0.948. The optimal cut- 
off value was determined to be 0.145 × 109/L, with values above this threshold indicating a higher likelihood of seizures.

When combined with other clinically relevant factors, the model achieved a significantly higher AUC of 0.921 (95% CI 
0.872–0.970, P < 0.001), a maximal Youden’s index of 0.706, sensitivity of 0.792, and specificity of 0.914, reflecting excellent 
diagnostic performance. The model revealed that the presence of prodromal symptoms, impaired consciousness, CSF protein 
> 0.45 g/L, PB eosinophil counts > 0.145 × 109/L, and BBB dysfunction were strongly associated with the diagnosis of AE 
with seizures. In contrast, psychobehavioral abnormalities, cognitive impairment, eosinophil counts ≤ 0.145 × 109/L, CSF 
protein ≤ 0.45 g/L, and the absence of BBB dysfunction were more characteristic of AE without seizures. These findings 
emphasize the value of integrating clinical and laboratory markers for accurate differentiation between AE subtypes, with the 
predictive model offering valuable diagnostic support in clinical practice (Table 4 and Figure 1).

Discussion
This study aimed to investigate the clinical features and risk factors for seizures in AE by dividing AE patients into two 
groups: those with seizures and those without seizures. These groups were compared to a control group of patients 
diagnosed with NMOSD. Clinical data were used to identify potential predictors for seizures in AE, logistic regression 
and ROC curve analysis were employed to assess the predictive power of the model for seizure occurrence in AE 
patients. Our findings indicate that the seizure group exhibited a younger age at onset, more commonly prodromal 
symptoms, predominant symptoms (for example impaired consciousness), elevated CSF protein levels (>0.45g/L), higher 
CSF glucose, increased PB eosinophil counts, and more pronounced BBB dysfunction compared to both the non-seizure 
group and the control group. We particularly focus on eosinophil counts as a possible biomarker. These findings highlight 
the complex interplay of neuroinflammation, immune response, and neuronal excitability in AE-related seizures.

Table 3 Multivariable Regression Analysis of Risk Factors for Seizures in Autoimmune 
Encephalitis

HR RC P OR 95% CI

Lower Limit Upper Limit

Prodromal symptoms 3.239 <0.001* 25.503 5.424 119.905
Impaired consciousness 1.759 0.089 5.804 0.764 44.071

Cognitive impairment −1.688 0.014* 0.185 0.048 0.715

Psychobehavioral abnormalities –2.689 <0.001* 0.068 0.014 0.319
Elevated CSF protein (>0.45g/L) 0.171 0.812 1.186 0.291 4.829

BBB dysfunction 1.431 0.084 4.181 0.826 21.165

Eosinophils 0.011 0.013* 1.011 1.002 1.021

Note: *Indicating statistically significant difference (P < 0.05). 
Abbreviations: AE, autoimmune encephalitis; BBB, blood-brain barrier; CI, confidence interval; CSF, cerebrospinal fluid; 
HR, hazard ratio; OR, odds ratio; RC, regression coefficient; PB, peripheral blood.
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Unlike AE, NMOSD is not typically associated with autoantibodies directed against neuronal cell surface proteins, 
but rather with antibodies against myelin or AQP4 channels.22,23 Seizures are relatively uncommon in NMOSD,24 in 
contrast to their frequent occurrence in AE. This immunopathological and clinical distinction provides a meaningful 
comparator framework, enabling us to assess whether elevated eosinophil counts are uniquely associated with seizure 
generation in AE, or simply reflect generalized immune activation present in other autoimmune CNS disorders. In 
NMOSD, a condition characterized by a strong humoral immune response, eosinophil activation predominantly occurs in 
the CSF.25 This suggests that eosinophils are primarily involved in immune responses specific to certain autoimmune 
diseases and may not be as prominent in others. The inclusion of NMOSD as a demyelinating, non-neuron-targeting 
autoimmune control supports the specificity of eosinophilic involvement in AE-related seizures.

Table 4 Diagnostic Performance of Risk Factors for Seizure Prediction Based on ROC Curve Analysis in Autoimmune Encephalitis

Influencing Factors Youden’s 
Index

Cutoff 
Value

Sensitivity Specificity AUC P 95% CI

Lower 
Limit

Upper 
Limit

Prodromal symptoms 0.430 0.500 0.792 0.638 0.715 <0.001* 0.615 0.814
Psychobehavioral abnormalities 0.295 0.500 0.188 0.517 0.352 0.009* 0.247 0.457

Cognitive impairment 

Impaired consciousness 
Elevated CSF protein (>0.45g/L) 

Eosinophils 

BBB dysfunction 
Joint Prediction

0.206 

0.198 
0.307 

0.281 

0.296 
0.706

0.500 

0.500 
0.500 

0.145 

0.500 
0.586

0.208 

0.250 
0.583 

0.333 

0.813 
0.792

0.586 

0.948 
0.724 

0.948 

0.483 
0.914

0.397 

0.599 
0.654 

0.667 

0.648 
0.921

0.069 

0.080 
0.007* 

0.003* 

0.009* 
<0.001*

0.290 

0.489 
0.548 

0.563 

0.543 
0.872

0.505 

0.709 
0.760 

0.772 

0.753 
0.970

Note: *Indicating statistically significant difference (P < 0.05). 
Abbreviations: AE, autoimmune encephalitis; AUC, area under the curve; BBB, blood-brain barrier; CI, confidence interval; CSF, cerebrospinal fluid.

Figure 1 ROC Curve Analysis of Eosinophils and the Joint Factors Predictive Model for Seizure Prediction in Autoimmune Encephalitis. (A) ROC curve of eosinophil counts 
alone, with an area under the curve (AUC) of 0.667. (B) ROC curve of the joint factors including prodromal symptoms, impaired consciousness, CSF protein >0.45 g/L, PB 
eosinophil counts >0.145×109/L, and BBB dysfunction, with an AUC of 0.921. 
Abbreviations: ROC, receiver operating characteristic; AUC, area under the curve; CSF, cerebrospinal fluid; PB, peripheral blood; BBB, blood-brain barrier.
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Although not statistically significant, the seizure group tended to have an earlier onset age than the non-seizure and control 
groups. This aligns with findings that immune-mediated disorders often present earlier in younger individuals,26 likely due to 
their more reactive immune systems and heightened nervous system plasticity, which may contribute to cortical hyperexcitability 
and seizures.

In terms of prodromal symptoms, patients in the seizure group were more likely to exhibit early signs of disease 
onset. These symptoms align with previous research indicating that prodromes are early, often nonspecific manifestations 
commonly observed in neurological disorders such as epilepsy and AE.16 Early recognition of these prodromal signs 
could facilitate timely diagnosis and intervention, potentially preventing seizure onset.

Regarding predominant symptoms, the seizure group was primarily characterized by seizures and impaired con
sciousness, the non-seizure group had more cognitive impairment and psychobehavioral abnormalities, the control group 
exhibited motor dysfunction, sensory disturbances and visual disturbances. Seizure group patients were more likely to 
have impaired consciousness, suggesting greater immune involvement in areas like the frontal and temporal lobes.27 In 
contrast, the non-seizure group likely experienced localized immune responses affecting cognitive and emotional regions, 
leading to psychiatric symptoms and cognitive deficits without seizures.

Laboratory results further reinforced the association between neuroinflammation and seizure occurrence in AE. The 
seizure group showed significantly higher levels of CSF protein (>0.45g/L), CSF glucose, eosinophil counts, and more 
pronounced BBB dysfunction. In comparison to the non-seizure group and the control group, the seizure group exhibited 
higher eosinophil levels, suggesting that this association may be specific to AE with seizures. Interestingly, no significant 
difference was found between the non-seizure AE group and the control group, highlighting eosinophils’ potential role as 
a distinguishing marker for seizure activity in AE.

In interpreting serological findings, it is important to consider the potential confounding effect of passive antibody 
transfer associated with IVIG administration. IVIG preparations may contain donor-derived antibodies, including thyroid 
and neural autoantibodies, which can transiently appear in patients’ serum and potentially lead to false-positive 
interpretations.18 To minimize this bias, all antibody testing in our study was conducted prior to the initiation of IVIG 
or any other immunotherapy. This methodological control ensured that the observed antibody profiles reflected the 
patients’ intrinsic autoimmune status, rather than artifacts introduced by treatment.

Epileptic seizures are closely linked to neuroinflammation, with glial cells like microglia and astrocytes playing a key role in 
regulating neuronal excitability.28 Neuroinflammation is common in conditions such as cerebral palsy, epilepsy, and autoimmune 
diseases.29,30 In AE patients with seizures, significant neuroinflammation markers, including elevated CSF protein levels (>0.45g/ 
L), increased PB eosinophils, and BBB dysfunction, were observed. Eosinophils, typically associated with allergic responses, 
have been implicated in neuroinflammation and neurological injury in AE and epilepsy.31 They release pro-inflammatory 
cytokines and neuroactive mediators, influencing immune responses and contributing to neuronal damage and seizures.5,32 

BBB dysfunction allows albumin leakage into the brain, activating the TGF-β pathway in astrocytes, which exacerbates 
inflammation and neuronal hyperexcitability.27 This dysfunction also permits immune cell infiltration, further fueling neuroin
flammation and epilepsy development.6 These findings suggest that eosinophils could serve as a critical link between immune 
activation, neuroinflammation, and epileptogenesis in AE, positioning them as a potential target for therapeutic intervention.

Eosinophils may play a key role in seizures in AE by contributing to neuroinflammation and neuronal damage. In 
response to immune activation, eosinophils release cytokines, chemokines, growth factors, and other mediators that 
influence neuronal and glial cell activity, promote tissue remodeling, and increase neuronal excitability.5,33 These cells 
have been shown to promote tissue remodeling and neuronal branching, which, in the context of AE, may contribute to 
maladaptive neural plasticity and increased neuronal excitability.32 In AE, this may lead to maladaptive neural plasticity 
and heightened seizure risk. Eosinophils also interact with neurons through chemotaxis and adhesion molecules, 
potentially facilitating seizure foci.34 Additionally, eosinophil extracellular traps (EETosis), which release chromatin 
and cytotoxic substances, contribute to tissue damage and neuroinflammation, worsening neuronal hyperactivity and 
seizures.35 These findings suggest eosinophils are a critical link in immune activation, neuroinflammation, and epilepto
genesis in AE, making them a potential therapeutic target.

While our analysis was limited to PB eosinophils, we acknowledge that CSF eosinophils may provide more direct 
evidence of central immune activity. However, due to the retrospective design of our study and the lack of routine CSF 
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eosinophil testing in clinical practice, these data were not available. Pathophysiologically, peripheral eosinophilia may 
reflect systemic immune priming, leading to BBB dysfunction and facilitating eosinophil migration into the CNS. Once 
in the parenchyma, eosinophils may exacerbate neuroinflammation through the release of cytotoxic granules and 
cytokines, promoting neuronal hyperexcitability and seizures.36 Future prospective studies incorporating standardized 
CSF immunophenotyping could clarify the contribution of intrathecal eosinophils to AE pathogenesis.

BBB dysfunction is a major trigger for epilepsy, either through direct neuronal depolarization from potassium influx or 
indirectly via inflammation, vascularization, astrogliosis, and impaired potassium buffering due to serum protein leakage.37–39 

Studies measuring CSF/serum albumin ratios in SE patients found increased BBB permeability, particularly in acute sympto
matic SE.40,41 BBB integrity is essential for protecting the brain from inflammatory mediators and maintaining neuronal 
stability.42 In AE, BBB dysfunction is common, especially in seizure patients. It facilitates the entry of proinflammatory 
cytokines and chemokines, increasing neuronal excitability and promoting seizure propagation.27 Thus, BBB dysfunction 
plays a critical role in immune cell infiltration and neuroinflammation, potentially triggering or exacerbating seizures in AE.

It is important to emphasize that while eosinophils may play a contributory role, AE-related seizures are likely the 
result of complex interactions among various immune cells, cytokines, glial elements, and neural circuits. Future 
mechanistic studies are needed to disentangle these overlapping pathways.

The multivariable diagnostic model, combining clinical features and lab results, shows promise in identifying high- 
risk AE patients for seizures. Its sensitivity, specificity, and accuracy are crucial for clinical application. By integrating 
clinical data with inflammatory markers, clinicians could identify high-risk patients early and provide tailored interven
tions. However, validation in larger, multicenter cohorts is needed. Future research should refine the model by including 
additional biomarkers, clinical variables, and genetic factors to improve its predictive accuracy.

The inclusion of eosinophil counts was supported by comparisons with the control group, as the seizure group had 
significantly higher eosinophil levels. Including eosinophils in predictive models may enhance the identification of high- 
risk AE patients, especially those at risk for seizures.

This study has several limitations. First, its retrospective, single-center design may introduce selection bias and limit 
the generalizability of the findings. The lack of longitudinal follow-up also precluded evaluation of seizure recurrence, 
treatment response, and long-term biomarker dynamics. Second, although the multivariable model demonstrated strong 
predictive performance within the current cohort, it has not undergone external validation, limiting its clinical applic
ability. Third, clinical data such as detailed seizure classifications (eg, RSE/SRSE) and antiseizure medication regimens 
were not uniformly recorded, precluding reliable analysis of treatment response. Future multicenter prospective studies 
with standardized protocols are needed to validate and refine the model, improve its robustness by incorporating 
additional clinical and biological parameters, and clarify treatment-related outcomes.

Despite these limitations, our findings highlight a potential role for peripheral eosinophil counts as a biomarker for 
seizure risk in AE and lay the groundwork for future studies exploring immune mechanisms underlying seizure 
susceptibility in autoimmune neurologic disorders.

Conclusion
AE patients with seizures often present with prodromal symptoms, impaired consciousness, elevated CSF protein 
(>0.45g/L), increased PB eosinophil counts, and BBB dysfunction. These features identify high-risk patients and 
emphasize the need for early intervention. Increased PB eosinophil counts in the seizure group suggest that eosinophils 
may serve as a biomarker for seizure risk in AE. These features may help identify individuals at increased risk for seizure 
development. In particular, prodromal symptoms, altered mental status, and eosinophilia should prompt early recognition, 
closer clinical monitoring, and consideration of preventive strategies.

Future Directions
Future studies should focus on validating these findings in larger, multicenter cohorts and elucidating the mechanisms by which 
eosinophil-related inflammation contributes to seizure pathogenesis in AE. In particular, the potential value of early prophylactic 
ASM use in patients with high-risk features, such as prodromal symptoms and elevated eosinophils, warrants prospective 
evaluation. Eosinophil-targeted therapeutic strategies may also offer new avenues for seizure prevention and disease management.
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