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Higher incidence of acute symptomatic seizures in probable antibody-negative pediatric autoimmune encephalitis than in major antibody-positive autoimmune encephalitis
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Purpose: To delineate the characteristics of probable antibody-negative pediatric autoimmune encephalitis (probable Ab-negative AE), we compared the clinical features of probable Ab-negative AE to those of major antibody-positive AE.

Methods: We retrospectively reviewed the clinical features of 18 patients with probable Ab-negative AE, 13 with anti-N-methyl-D-aspartate receptor encephalitis (NMDARE), and 13 with myelin oligodendrocyte glycoprotein antibody-associated disease (MOGAD). Clinical characteristics, neuroimaging findings, treatments, and outcomes were analyzed.

Results: The age of onset and length of hospital stay were significantly higher in the NMDARE group than in the other groups (p = 0.02 and p < 0.01). Regarding initial neurological symptoms, acute symptomatic seizures in the probable Ab-negative AE group (67%) were significantly more frequent than in the NMDARE (15%) and MOGAD (23%) groups (p < 0.01). Paraclinical evidence of neuroinflammation within 1 month of disease onset revealed that single-photon emission computed tomography (SPECT) detected abnormal alterations in 14/14 (100%), cerebrospinal fluid (CSF) analysis in 15/18 (83%), and magnetic resonance imaging (MRI) in 11/18 (61%) in patients with probable Ab-negative AE. In the probable Ab-negative AE group, seven patients (39%) developed autoimmune-associated epilepsy, whereas one patient (8%) had both NMDARE and MOGAD (not statistically significant, p = 0.07).

Conclusion: Patients with probable Ab-negative AE exhibited acute symptomatic seizures as initial neurological symptoms significantly more frequently. They developed autoimmune-associated epilepsy more frequently than those with NMDARE and MOGAD, which was not statistically significant. SPECT within 1 month of disease onset might be a valuable surrogate marker of ongoing neuroinflammation and neuronal dysfunction, even in patients with negative MRI findings.
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1 Introduction

Autoimmune encephalitis (AE) is a common disease worldwide. A series of neuronal autoantibodies in the central nervous system has been demonstrated to be involved in a subset of AE (1–7). However, neuronal autoantibody tests are not readily available in most institutions in Japan, and obtaining the results may take several weeks or more, potentially delaying appropriate therapeutic intervention. Notably, a practical syndrome-based diagnostic approach for AE in adults emphasizes that immunotherapy should be started based on the initial neurological assessment and conventional laboratory investigations without waiting for neuronal autoantibody results (3, 5, 8, 9).

Several antibodies have been detected in a subset of pediatric patients with AE (3, 10–13). Among these, the most common extracellular antibodies in pediatric patients target N-methyl-D-aspartate receptor (NMDAR) (1, 13–15) and myelin oligodendrocyte glycoprotein (MOG) (16–18). However, it is essential to note that not all pediatric patients with AE have known autoantibodies, and the diagnosis of antibody-negative AE in pediatric patients can be challenging because of their diverse clinical features, often leading to delays in therapeutic interventions (3).

To address these problems mentioned above, a subcommittee of the Autoimmune Encephalitis International Working Group proposed provisional classification criteria for possible AE, probable antibody-negative AE (probable Ab-negative AE), and definite antibody-positive AE in pediatric patients (10). These criteria emphasize that the diagnosis of pediatric AE is based on a combination of clinical features and supportive diagnostic investigations, which include but are not solely dependent on the results of neuronal autoantibody tests. Pediatric patients with a clinical phenotype of AE and paraclinical findings of neuroinflammation but are negative for neural antibodies may be classified as having probable Ab-negative AE. To our knowledge, few comparative studies have been conducted to investigate the clinical features and outcomes of Ab-negative and Ab-positive AE in pediatric patients (19–21).

This study aimed to elucidate the characteristics of probable Ab-negative AE in pediatric patients. We compared the clinical features, diagnostic investigations, immunotherapies, and outcomes between probable Ab-negative AE and NMDAR antibody encephalitis (NMDARE) or MOG-associated disease (MOGAD).



2 Materials and methods


2.1 Patients

Eighteen consecutive pediatric patients (age < 18 years) with a diagnosis of probable Ab-negative AE who were referred to Osaka City General Hospital between 1 January 2015 and 31 March 2023 were included in this study. To establish meaningful comparisons, we also included two control groups: 13 patients with NMDARE from 1 January 2002 to 31 March 2023 and 13 patients with MOGAD from 1 January 2015 to 31 March 2023.



2.2 Definitions of probable Ab-negative AE, NMDARE, and MOGAD

The diagnosis of AE was based on criteria from a recent report on provisional classification criteria proposed by a subcommittee of the Autoimmune Encephalitis International Working Group (10), with slight modifications.

The criteria for probable Ab-negative AE are presented as follows:

1. Evidence of acute or subacute onset of neurological and/or psychiatric symptoms over 3 months in a previously healthy child.

2. Clinical evidence of neurological dysfunctions, including two or more features from the following list: (i) acute symptomatic seizures (ASSs), (ii) altered mental status/level of consciousness, (iii) cognitive difficulties/acute developmental regression, (iv) psychiatric symptoms, (v) focal neurological deficits, and (vi) movement disorders (except tics). Cognitive difficulties and acute developmental regression, which Cellucci et al. evaluated separately, were considered together in this study.

3. Paraclinical evidence of neuroinflammation confirmed within 1 month of disease onset, including one or more of the following features: cerebrospinal fluid (CSF) inflammatory changes [leukocytosis >5/μL, proteins >42 mg/dL, and oligoclonal banding (OCB)], magnetic resonance imaging (MRI) features of encephalitis, and increased/decreased blood flow on single-photon emission computed tomography (SPECT).

4. Negative serum and CSF results for well-characterized autoantibodies associated with AE before immunotherapy. NMDAR and anti-MOG antibodies were examined in the serum using in-house cell-based assays. In the CSF, the following autoantibodies were assessed using a cell-based indirect immunofluorescence assay (Autoimmune Encephalitis Mosaic 1, Euroimmun, Lübeck, Germany) according to the manufacturer’s instructions (14): NMDAR, anti-leucine-rich glioma-inactivated protein 1 (LGI1), anti-contactin-associated protein 2 (Casper2), anti-a-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid receptor 1 and 2 (AMPAR1/2), and anti-g-aminobutyric acid type B receptor (GABABR). Three patients presented with unique MRI lesions in the basal ganglia and periventricular white matter and underwent examination for anti-glial fibrillary acidic protein (GFAP) antibodies. Among them, one patient was diagnosed with autoimmune GFAP astrocytopathy and was consequently excluded from this study (12), while two with negative findings were included in this study.

5. Exclusion of the following disorders: (i) infectious encephalitis and viral/bacterial meningitis. To rule out infectious encephalitis and viral/bacterial meningitis, we conducted a comprehensive investigation at our institution, which actively participates in viral surveillance in Osaka, Japan. The serum and CSF were examined for Herpes simplex virus type 1 and 2, human herpesvirus 6 and 7, Epstein–Barr virus, cytomegalovirus, and varicella zoster virus. No viral isolation was detected in the CSF, nasal discharge, or stool, which are potential sources of infectious encephalitis and viral meningitis. Furthermore, bacterial cultures in the blood and CSF yielded negative results; (ii) relatively well-established neuroinflammatory disorders, such as febrile illness-related epilepsy syndrome (22–24) and Rasmussen encephalitis (25); and (iii) primary psychiatric/neurological disorders, including pre-existing epilepsy.

The provisional classification criteria proposed by Cellucci et al. (10) categorize patients into three groups: possible AE, probable Ab-negative AE, and definite antibody-positive AE. Possible AE cases meet the criteria for (1) (clinical course) and (2) (clinical symptoms) but have not undergone (3) (CSF, MRI, and SPECT). Probable Ab-negative AE cases meet the criteria for (1), (2), and (3). At our institution, all patients who met the criteria for possible AE [(1, 2)] underwent (3), which were classified as probable Ab-negative AE. Subsequently, serum and CSF antibody tests were performed, and those that were found to be positive for NMDAR and anti-MOG antibodies were defined as definite antibody-positive AE. Hence, we considered that comparing probable Ab-negative AE with definite antibody-positive AE was clinically meaningful.

In the diagnosis of NMDARE and MOGAD, positive NMDAR antibodies in the CSF and MOG antibodies in the serum were confirmed. However, overlapping antibodies involving both NMDAR and MOG were detected in two patients, and they were subsequently excluded from this study. Regarding MOGAD, only the initial episode was evaluated because the second and subsequent recurrences might have been influenced by residual MRI lesions and symptoms following the initial episode.



2.3 Investigations

All patients underwent a comprehensive evaluation of clinical symptoms, CSF analysis, MRI, SPECT, and electroencephalography (EEG) within 1 month of disease onset. In SPECT, using technetium-99 ethyl cysteinate dimer (99mTc-ECD) and easy Z-score imaging system (eZIS) analyses, we performed a computer-assisted statistical analysis, following anatomical standardization, based on a comparison with a normal database. eZIS analyses were used to supplement the diagnosis based on MRI findings and assess abnormal blood perfusion (26). A regional Z-score > 2.0 or < −2.0 standard deviation was considered significant. Recorded electroclinical seizures, interictal epileptic discharge, and changes in background activity (focal and generalized slow waves) were assessed. EEG was evaluated and confirmed by at least two pediatric neurologists. Radiological findings were reviewed by two pediatric neurologists and one radiologist to ensure accuracy and reliability.



2.4 Immunotherapies

First-line immunotherapy included the separate or combined use of intravenous methylprednisolone [IVMP, 30 mg/kg/day (maximum 1,000 mg/day) for 3 days] and intravenous immunoglobulin (IVIG, 0.4 g/kg for 5 days). If these immunotherapies were ineffective or the symptoms progressed rapidly, plasma exchange (PLEX, 3 consecutive days, followed by 4 consecutive days every other day) was added. If the symptoms did not improve, second-line immunotherapy was initiated with rituximab (375 mg/m2 weekly for 4 weeks). For patients with prolonged symptoms, oral prednisone (starting dose, 1 mg/kg/day with variable tapering durations) followed by IVMP was considered a maintenance treatment.



2.5 Antiseizure medications

Patients with ASS on admission were treated with intravenous midazolam (MDL) (0.1–0.3 mg/kg/dose), and those with ASS in clusters were administered continuous intravenous MDL (0.1–0.3 mg/kg/h), with video-EEG monitoring employed whenever possible. In addition, infusions of levetiracetam (LEV) (20–40 mg/kg/day) and fosphenytoin (initial dose: 22.5 mg/kg; maintenance dose: 7.5 mg/kg/day) were also added as needed. In patients whose ASS control was not achieved using the above measures, barbiturate therapy (continuous intravenous thiopental (3–5 mg/kg/h) with targeted temperature management at 36–37°C) was administered 48 h after intubation. ASMs, primarily LEV or other ASMs, were administered for ongoing ASS management.



2.6 Outcome assessments

Disease severity and treatment outcomes were assessed using the modified Rankin Scale (mRS) scores at the admission, the worst point during the disease course, and the final follow-up. A favorable outcome was defined as an mRS score of 0–2 at the final follow-up (27). In addition, the frequency of ASS within the first 3 months from the onset of AE and the transition to autoimmune-associated epilepsy at the last follow-up was also assessed. Autoimmune-associated epilepsy was defined as the presence of persistent non-provoked seizures without obvious evidence of active inflammation for more than 3 months from the onset of AE (28).



2.7 Statistical analysis

Continuous data were reported as median and interquartile range. Categorical data were presented as numbers and percentages. For categorical data, Fisher’s exact test was used to compare the three groups, followed by Fisher’s exact test between the two groups. For continuous quantity and ordinal data, the Kruskal–Wallis test was used to compare the three groups, followed by the Mann–Whitney U-test between the two groups. Within-group comparisons of ordinal variables were performed using the Wilcoxon signed-rank tests. The multiplicity of comparisons among groups was accounted for using the Bonferroni correction. Statistical significance was set at a p-value of < 0.05. All statistical analyses were performed using SPSS software (version 22.0; IBM Japan, Tokyo, Japan).



2.8 Ethics approval

This study was approved by the Ethics Committee of Osaka City General Hospital (No. 1508052). Written informed consent for this study and its publication was obtained from the parents of patients.




3 Results


3.1 Patients and clinical characteristics

The age of onset and length of hospital stay were significantly higher in the NMDARE group than in the other groups (p = 0.02 and p < 0.01) (Table 1). Regarding initial neurological symptoms, the incidence of ASS (12/18, 67%) was significantly higher in the probable Ab-negative AE group than in the NMDARE (15%) and MOGAD (23%) groups (p < 0.01) and that of psychiatric symptoms (6/13, 46%) was significantly higher in the NMDARE group (p < 0.01) (Figure 1A). The most common symptoms were the altered mental status or level of consciousness in the probable Ab-negative AE (16/18, 89%) and NMDARE (13/13, 100%) groups and focal neurological deficits in the MOGAD group (11/13, 85%) (Figure 1B). Among the 14 patients (78%) with ASS in the probable Ab-negative AE group, 11 experienced ASS in clusters, 4 had status epilepticus, and 1 had both conditions. Three patients whose ASS occurred in clusters required barbiturate coma therapy for ASS control in the pediatric intensive care unit.



TABLE 1 Clinical characteristics of probable Ab-negative pediatric autoimmune encephalitis and major antibody-positive autoimmune encephalitis.
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FIGURE 1
 Comparisons between probable Ab-negative pediatric autoimmune encephalitis and major antibody-positive autoimmune encephalitis. (A) Initial neurological symptoms and (B) clinical evidence of neurologic dysfunction in the clinical course. † indicates Fisher’s exact test among the three groups. Fisher’s exact test between the two groups was then used. The multiplicity of comparisons among groups was accounted for using the Bonferroni correction. *p < 0.05 and **p < 0.01. MOGAD, myelin oligodendrocyte glycoprotein-associated disease; NMDARE, anti-N-methyl-D-aspartate receptor encephalitis; Probable Ab-negative AE, probable antibody-negative pediatric autoimmune encephalitis.




3.2 Paraclinical evidence of neuroinflammation

CSF and MRI findings were examined in all patients. ECD-SPECT was performed in 14 out of 18 (78%) patients with probable Ab-negative AE, 3 out of 13 (23%) patients with NMDARE, and 2 out of 13 (15%) patients with MOGAD within 1 month of disease onset (Table 2). Cell counts, protein levels, OCB positivity, and neopterin levels in the CSF were not significantly different among the three groups.



TABLE 2 Clinical findings of probable Ab-negative pediatric autoimmune encephalitis and major antibody-positive autoimmune encephalitis.
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In the probable Ab-negative AE group, MRI abnormalities were detected in 11 out of 18 (61%) patients with probable Ab-negative AE. Nine (50%) patients had lesions in the medial temporal region (amygdala and hippocampus) (Figures 2A,C). Two patients (11%) had lesions in the frontal lobe, basal ganglia, and insula (Figure 2D).
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FIGURE 2
 Brain MRI and SPECT findings of probable Ab-negative pediatric autoimmune encephalitis (A–H) and major antibody-positive autoimmune encephalitis (NMDARE: I,J; MOGAD: K,L). In 99mTc-ECD-SPECT images, a regional Z-score of > +2.0 or < −2.0 was considered significant (B,F–H,J). (A,B) The same patient. (A) FLAIR showed high signal intensities in the bilateral medial temporal lobes (arrowheads). (B) ECD-SPECT showed increased blood flow in the left temporal lobe and bilateral cerebellum. (C,D) The same patient. FLAIR showed high signal intensities in the bilateral medial temporal (C, arrowheads), brainstem (C, arrow), basal ganglia (D, arrowheads), and right insula (D, arrow) with negative anti-glial fibrillary acidic protein antibodies. (E,F) The same patient. (E) MRI showed no obvious abnormalities. (F) ECD-SPECT showed diffusely decreased blood flow in the right frontal, lateral temporal, insular, and occipital regions and increased blood flow in the bilateral basal ganglia, left insular, lateral temporal, and occipital regions. (G) Even in a patient without MRI abnormalities, ECD-SPECT showed increased blood flow in the bilateral lateral temporal lobes, cerebellum, frontal lobe, right medial temporal lobe, and brainstem. (H) In another patient, ECD-SPECT showed increased blood flow in the bilateral lateral temporal lobes, cerebellum, and brainstem; increased or decreased blood flow in the right medial temporal lobe; and decreased blood flow in the left medial temporal lobe. (I) FLAIR demonstrated high signal intensities in the bilateral medial temporal regions in a patient with NMDARE (arrowheads). (J) ECD-SPECT exhibited increased blood flow in the bilateral lateral temporal lobes and decreased blood flow in the bilateral medial temporal lobes and cerebellum in an NMDARE patient without MRI abnormalities. (K,L) FLAIR showed multiple high signal intensities in the bilateral hemisphere in patients with MOGAD (arrowheads). ECD-SPECT, ethyl cysteinate dimer-single-photon emission computed tomography; FLAIR, fluid-attenuated inversion recovery; MOGAD, myelin oligodendrocyte glycoprotein-associated disease; NMDARE, anti-N-methyl-D-aspartate receptor encephalitis; Probable Ab-negative AE, probable antibody-negative pediatric autoimmune encephalitis.


In the probable Ab-negative AE group, 13 (93%) patients had hyper- or hypo-perfusion on SPECT in the lateral temporal lobe, frontal lobe, and cerebellum. Eleven (79%) patients had hyper- or hypo-perfusion in the medial temporal region (amygdala and hippocampus). Changes in the brainstem were more significant in the probable Ab-negative AE group than in the other two groups (p = 0.03). Even in patients with no MRI abnormalities (Figure 2E), all patients in the probable Ab-negative AE group had increased or decreased blood flow in the temporal lobe, frontal lobe, cerebellum, basal ganglia, and others (Figures 2B,F–H). In 4 out of 13 (31%) patients with NMDARE, three showed lesions in the medial temporal lobe (Figure 2I), and one had lesions in the lateral temporal lobe. Two out of three patients with NMDARE exhibited blood flow changes in the bilateral temporal lobes (Figure 2J). All 13 patients with MOGAD presented MRI lesions, with 10 (77%) in the frontal lobe, 7 (54%) in the lateral temporal lobe, and 6 (46%) in the occipital and parietal lobes (Figures 2K,L).

EEG revealed that electroclinical seizures were recorded in 6 out of 17 (35%) patients with probable Ab-negative AE and 3 out of 10 (30%) patients with NMDARE (Table 2).



3.3 Treatments

The interval from initial neurological symptoms to first-line immunotherapy was not significantly different among the three groups (Table 1). All patients in the three groups, except for one in the NMDARE group, received IVMP, and more than 75% of patients in each group received IVIG. Following the failure of IVMP and/or IVIG, six patients (one with probable Ab-negative AE, three with NMDARE, and two with MOGAD) underwent PLEX. RTX was administered to 1 out of 18 (6%) patients with probable Ab-negative AE and 4 out of 13 (31%) patients with NMDARE. Oral prednisone was added as maintenance therapy in 14 out of 18 (78%) patients with probable Ab-negative AE, 10 out of 13 (77%) patients with NMDARE, and all patients with MOGAD. Four patients with NMDARE had ovarian teratomas, which were resected immediately after diagnosis.

Regarding intravenous ASMs, all groups received LEV. In addition, MDL and TPL were administered to 7 (39%) and 5 (28%) out of 18 patients with probable Ab-negative AE, respectively. Among 13 patients in the NMDARE group, 4 (31%) and 2 (15%) received MDL and TPL, respectively. The application rates of oral ASMs were significantly higher in patients with probable Ab-negative AE (p = 0.01).



3.4 Outcomes

The mRS scores were significantly worse at their worst in the probable Ab-negative AE (p = 0.04) and NMDARE (p < 0.01) groups than those at admission (Figure 3). Notably, the mRS score significantly improved at the final follow-up compared to admission across all groups (probable Ab-negative AE: p < 0.01; NMDARE: p = 0.02; and MOGAD: p < 0.01). None of the patients with probable Ab-negative AE manifested relapse, whereas 1 out of 13 patients (8%) in the NMDARE group and 7 out of 13 (54%) patients in the MOGAD group relapsed during the follow-up period (p < 0.01) (Table 1). The occurrence of autoimmune-associated epilepsy was observed in only one patient (8%) each in the NMDARE and MOGAD groups, but it was observed in seven patients (39%) in the probable Ab-negative AE group; however, this difference was not statistically significant.
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FIGURE 3
 Comparisons between probable Ab-negative pediatric autoimmune encephalitis and major antibody-positive autoimmune encephalitis. Disease severity and treatment outcomes. Black thick lines indicate differences between mRS 2 (good outcome) and 3. Within-group comparisons were performed using the Wilcoxon signed-rank tests. The multiplicity of comparisons among groups was accounted for using the Bonferroni correction. *p < 0.05 and **p < 0.01. MOGAD, myelin oligodendrocyte glycoprotein-associated disease; mRS, modified Rankin Scale; NMDARE, anti-N-methyl-D-aspartate receptor encephalitis; Probable Ab-negative AE, probable antibody-negative pediatric autoimmune encephalitis.





4 Discussion

Our results suggest the following: (1) Patients in the probable Ab-negative AE group exhibited ASS as initial neurological symptoms significantly more frequently and developed autoimmune-associated epilepsy more frequently than those in the major antibody-positive AE group (not statistically significant, p = 0.07), and (2) SPECT within 1 month of disease onset might be a valuable surrogate marker of ongoing neuroinflammation and neuronal dysfunction, even in patients with negative MRI findings.


4.1 Acute symptomatic seizures and autoimmune-associated epilepsy with or without autoantibodies in AE

The frequency of ASS in the clinical course of patients with probable Ab-negative AE (78%) was high, consistent with other reports (71–83%) (20, 21, 29). The results for NMDARE (62%) and MOGAD (31%) are also similar to those in other reports [NMDARE: 67–89% (3, 20, 21, 27, 30) and MOGAD: 10–38% (3, 21, 31–33)]. Among the 14 patients in the probable Ab-negative AE group who experienced ASS, 11 had seizures in clusters. Three patients required barbiturate coma therapy for ASS control, highlighting the importance of appropriate identification and control of ASS after admission. Patients with probable Ab-negative AE should receive heightened attention regarding the transition to autoimmune-associated epilepsy (39%) than those with NMDARE or MOGAD (8%). Previous reports have also indicated that the incidence of epilepsy in patients with probable Ab-negative AE was relatively higher (48–61%) (19–21) than in patients with NMDARE (4–14%) (20, 21, 34) or MOGAD (0–14%) (21, 33, 35). Whether early detection and control of ASS may reduce the incidence of autoimmune-related epilepsy needs further investigation, together with the continuation of ASMs after the acute phase and the EEG findings in the course of the disease.



4.2 Valuable surrogate marker of SPECT in detecting abnormal alternations in probable Ab-negative AE

SPECT within 1 month of disease onset might be a valuable surrogate marker of ongoing neuroinflammation and neuronal dysfunction, even in patients with negative MRI findings.

Recent reports have also demonstrated that more than half of the patients with AE, regardless of antibodies, show normal brain MRI findings at diagnosis (3, 15, 35). All seven patients with no apparent MRI changes in the probable Ab-negative AE group showed hyper- or hypo-perfusion on SPECT based on eZIS analysis. Therefore, it would be practical to perform SPECT in the acute phase and use indices, such as eZIS analysis, to examine consistency with other modalities (12, 26). In our study, all patients with both NMDARE and MOGAD who performed SPECT also showed evidence of SPECT abnormalities. However, due to the small number of cases, no conclusions can be drawn regarding its usefulness.

Hyper- or hypo-perfusion on SPECT has been reported in a subset of patients with AE, including adult patients (36–38). These findings may indicate active inflammation or neuronal dysfunction of the lesions with changes, even in patients with negative MRI findings (36–38). Psychiatric symptoms may be common with dysfunction in the medial temporal lobes, and altered mental status and cognitive difficulties may be associated with dysfunction of the frontal lobes (1–5, 7). ASSs usually occur in lesions involving the cerebral cortex, and their propagation is considered to involve subcortical structures such as the thalamus, basal ganglia, and brainstem (39–41). The changes in the brainstem were more significant in the probable Ab-negative AE group than in the other two groups in this study. These findings might be related to the higher incidence of ASS in the probable Ab-negative AE. However, multiple lesions were often involved in a single patient, making it difficult to determine the correspondence between symptoms and lesion sites.

Cellucci et al. included brain biopsy as a feature of paraclinical evidence of neuroinflammation; they acknowledged that most pediatric patients with AE do not require brain biopsy (10). Indeed, brain biopsy may be impractical because of its invasiveness in most patients with suspected AE, except in those with suspected Rasmussen encephalitis (25) or malignancy. Therefore, we chose SPECT as an alternative diagnostic criterion for brain biopsies. SPECT within 1 month of disease onset might be a valuable surrogate marker of ongoing neuroinflammation and neuronal dysfunction, even in patients with negative MRI findings. In the recent report on provisional classification criteria (10), Cellucci et al. referred to SPECT as one of the recommended investigations. However, the experience of SPECT in pediatric AE is limited. More prospective research studies into the utilization of SPECT in the workup of antibody-negative AE are needed to conclude the usefulness of SPECT.



4.3 Treatments and outcomes

In this study, all patients in the three groups received first-line immunotherapy and may have responded well. Early initiation of first-line immunotherapy in probable Ab-negative AE has shown promising treatment outcomes in several studies (3, 5, 27, 29, 42). Notably, in our study, second-line immunotherapy (RTX) tended to be used less frequently in probable Ab-negative AE (1/18, 6%) than in NMDARE (4/13, 31%). Moreover, the incidence of autoimmune-associated epilepsy in the probable Ab-negative AE group (7/18, 39%) appeared to be higher than that in the major antibody-positive AE group (1/13, 8%). However, these sequelae might be avoided or alleviated by adding second-line immunotherapy at an appropriate time. According to the international consensus recommendations for treating pediatric NMDARE, second-line immunotherapy (preferably RTX over cyclophosphamide) should be considered within 2 weeks of initiating first-line immunotherapy (15). However, in probable Ab-negative AE, where unknown antibodies may be involved or the antibodies themselves may not be implicated, further studies are warranted to determine the appropriate timing and efficacy of second-line immunotherapy.

The mRS scores were significantly worse at their at worst in the probable Ab-negative AE and NMDARE groups than those at admission. In the probable Ab-negative AE and NMDARE group, the mRS of the patients worsened after admission; therefore, we considered the admission explanation to family members to be important.



4.4 Limitations

Our study had two limitations. First, the study had a small sample size and a retrospective design. Our hospital is a tertiary care center. Among the 44 patients included in our study, 36 (82%) were transferred from secondary care centers. The main reasons for transfer were poor seizure control, aggravation of psychiatric symptoms, and altered consciousness levels. In this study, all patients received first-line immunotherapy, and we could not evaluate prognostic differences between patients who received immunotherapy and those who did not. In addition, patients with milder symptoms might have been observed without immunotherapy at secondary care centers, leading to a selection bias. Second, this study did not examine other recognized neurological autoantibodies, such as glutamic acid decarboxylase 65, gamma-aminobutyric acid type A receptor, glycine receptor, and dopamine-2 receptor, which may be involved in probable Ab-negative AE. However, we have saved the serum and CSF samples from this study for further analysis in the future.




5 Conclusion

Patients with probable Ab-negative AE manifested ASS as their initial neurological symptoms significantly more frequently. They developed autoimmune-associated epilepsy more frequently than those with major antibody-positive AE, which was not statistically significant. SPECT within 1 month of disease onset might be a valuable surrogate marker of ongoing neuroinflammation and neuronal dysfunction, even in patients with negative MRI findings. The newly proposed criteria, with slight modifications, may provide a practical approach for diagnosis accessible to most physicians.
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