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Pediatric MOG antibody-positive encephalitis with normal brain magnetic resonance imaging: a new spectrum associated with MOG antibodies?
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Objective: To facilitate the accurate identification of clinical characteristics associated with myelin oligodendrocyte glycoprotein (MOG) antibody positive encephalitis in children presenting with normal brain magnetic resonance imaging (MRI) findings.

Method: Patients hospitalized at Children’s Hospital of Chongqing Medical University from January 2016 to May 2024, who were positive for MOG antibodies and exhibited encephalitis symptoms with normal brain MRI findings, were retrospectively analyzed.

Results: A total of 17 patients (7 males and 10 females; mean age: 9.2 ± 2.8 years) were enrolled in the study. The most prevalent clinical symptoms were fever (17/17), with a median duration of 15 days (IQR: 7.5–21 days), headaches (17/17), mild alterations in mental status (17/17), seizures (6/17), vomiting (6/17), decreased binocular vision (2/17), and hemiplegia (1/17). The majority of cases (15/17) exhibited leukocytosis in peripheral blood (mean: 20.63 ± 7.09 × 109/L) accompanied by an elevated neutrophil ratio. C-reactive protein (CRP) and procalcitonin (PCT) levels were normal in 13 patients (13/17). Cerebrospinal fluid (CSF) leukocyte counts were elevated in all patients (median: 82/mm3; IQR: 49–155/mm3). Six patients (6/17) had elevated CSF protein levels (mean: 1.01 ± 0.38 g/L). CSF glucose levels were normal across all patients. Next-generation sequencing of CSF was performed in 10 patients, all yielding negative results. All patients had a serum MOG antibodies titer of ≥1:32, and six children (6/17) had a CSF MOG antibody titer of ≥1:32. All patients showed clinical improvement after immunotherapy. Only one patient (1/17) experienced a relapse.

Conclusion: For patients presenting with encephalitis and normal brain MRI findings, early testing for anti-MOG antibody should be considered if they exhibit the following characteristics: (1) persistent fever; (2) elevated peripheral blood white blood cell (WBC) counts, with normal or slightly elevated PCT and CRP levels; (3) mild elevation of CSF WBC counts, normal or mildly elevated protein levels, and normal CSF glucose levels; and (4) ineffectiveness of antibiotic or antiviral therapy. Encephalitis with normal brain MRI may be regarded as a potential new spectrum associated with MOG antibodies, meriting additional exploration and consideration.
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1 Introduction

The typical phenotypes of myelin oligodendrocyte glycoprotein antibody-associated disease (MOGAD) in children include acute disseminated encephalomyelitis (ADEM), optic neuritis (ON), neuromyelitis optica spectrum disorder, and transverse myelitis. According to the criteria proposed by the International MOGAD Panel, the core demyelinating events are ON, myelitis, ADEM, cerebral monofocal or polyfocal deficits, brainstem or cerebellar deficits and cerebral cortical encephalitis often with seizures (1). Recently, the disease spectrum has expanded with clinical and radiological patterns, such as aseptic meningitis (2, 3), isolated seizures (4), and other non-classifiable presentations. Notably, in some atypical phenotypes, like isolated seizures and aseptic meningitis (3, 5), some cases exhibit normal brain MRI findings, contrasting with the typical presentation of MOGAD. Currently, sporadic cases of MOG antibody-positive encephalitis with normal brain MRI (3, 6–8) and some cases of MOG antibody-positive myelitis accompanied by a negative spinal cord MRI have been documented (9), which do not conform to the latest criteria proposed by the International MOGAD Panel. Our center has previously observed and reported this phenomenon, albeit in a limited number of cases (10, 11). MOG antibodies positive encephalitis with normal brain MRI can easily be misdiagnosed as intracranial infection, leading to delayed treatment. However, there is limited research on this topic.

Therefore, we present a report on 17 patients from our single center who have been diagnosed with MOG antibodies positive encephalitis, despite exhibiting normal brain MRI findings. This report aims to enhance clinicians’ understanding of this newly recognized phenotype, thereby facilitating earlier diagnosis and more timely treatment. To our knowledge, this is currently the largest case series of MOG antibodies positive pediatric autoimmune encephalitis with normal brain MRI to date. Initially, some patients at our center exhibited normal brain imaging results. As the disease advanced, subsequent brain imaging scans unveiled new lesions in these individuals. Ultimately, they were diagnosed with ADEM, cortical encephalitis, or cerebral monofocal/polyfocal deficits. This phenomenon has also been reported in previous literature (8, 12). However, these pediatric patients were excluded from this study.



2 Subject and method

We retrospectively analyzed patients aged 18 years or younger with serum positive MOG antibodies, proven by fixed or lived cell-based assays (FCBA or LCBA), hospitalized in the Department of Neurology of Children’s Hospital of Chongqing Medical University, China, from January 2016 to May 2024. We selected patients with encephalitis who had normal brain MRI without meningeal enhancement and intracranial lesions. Encephalitis was defined according to international criteria for encephalitis (13). Patients who progressed during the acute phase of the disease (3 months for ADEM and 1 month for other encephalitis) (6) and were ultimately diagnosed with ADEM, cortical encephalitis, monofocal/polyfocal deficits were excluded. Besides, patients whose vision declined later but had normal brain imaging were not excluded. We defined an acute episode as a new neurological deficit lasting at least 24 h. Relapses we redefined as new neurological symptoms 1 month after the onset or, in the case of ADEM, as two episodes separated by 3 months (14, 15). The modified Rankin scale (mRS) was used to assess the short-term prognosis of the children (6). mRS ≥ 2 at the last follow-up was considered a poor outcome.

The following detailed clinical information was collected: the demographic characteristics, symptoms, physical signs, complete blood count, serum C-reactive protein (CRP) level, erythrocyte sedimentation rate, serum procalcitonin (PCT) level, CSF examination, serum and/or cerebrospinal fluid MOG-IgG antibody titer, radiological features, electroencephalographs (EEG), treatment information and their outcomes.

The brain MRI scanning procedure was performed utilizing either a 1.5 Tesla (T) or 3.0 T machine, wherein images were obtained for the following sequences: T1-weighted imaging (T1WI), T2-weighted imaging (T2WI), T2 fluid-attenuated inversion recovery (FLAIR), contrast-enhanced T1-weighted imaging, diffusion-weighted imaging (DWI), and apparent diffusion coefficient (ADC) mapping.

Serum and CSF MOG antibodies were detected by fixed or lived cell-based assay (FCBA or LCBA). Serum and CSF anti-aquaporin-4 (AQP4) antibody and anti-glial fibrillar acidic protein (GFAP) antibodies were detected by FCBA. Antibody titers of ≥1:32 were considered positive.

All statistical analyses were performed with SPSS 25. Continuous variables were expressed as means ± standard deviation (SD) if normally distributed or as median and interquartile range (IQR) if nonnormally distributed. Count data were expressed as number of cases and percentage (%). This study was approved by the Ethics Committee of the Children’s Hospital of Chongqing Medical University. The informed consents were obtained from the patients’ parents.



3 Results


3.1 The clinical findings

We identified 17 patients (17/364, 4.67%) who presented with an encephalitis phenotype and normal brain MRI from a cohort of 364 patients diagnosed with MOGAD, including 7 males and 10 females. All participants had a history of good physical health and no prior neurological or systemic immune diseases. The detailed demographic and clinical features were summarized in Table 1. At the onset, the mean age of the patients was 9.2 ± 2.8 years. During the acute phase of encephalitis, all patients presented with fever, lasting for 15 days (IQR: 7.5–21 days). Other symptoms included headaches (17/17, 100%), slightly altered mental status (17/17, 100%); seizures (6/17, 35%), with one case involving focal convulsion status; vomiting (6/17, 35%); decreased binocular vision (2/17, 12%), occurring on the 20th and 28th day of the disease course, respectively; hemiplegia (1/17, 6%). The modified Rankin score (mRS) was 2 (IQR: 2–3).



TABLE 1 The detailed demographic and clinical features of the pediatric patients with MOG antibody-positive and normal brain MRI.
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3.2 The ancillary examination results

The average blood white blood cell (WBC) count was 20.63 ± 7.09 × 109/L, with the majority of cases (15/17, 88%) exhibiting leukocytosis and elevated neutrophil ratios in all patients. However, C-reaction protein (CRP) and procalcitonin (PCT) were normal in 13 patients (13/17, 76%). Four of seventeen (24%) patients had elevated CRP (31.60 ± 19.01 mg/L, normal value: <8 mg/L). PCT were mildly elevated in four patients (24%) (range: 0.07–0.14 ng/mL, normal value: <0.05 ng/mL). CSF leukocytes were elevated in all patients (median: 82/mm3, IQR: 49–155/mm3). CSF protein was elevated in six patients (6/17, 35%) (mean: 1.01 ± 0.38 g/L, normal value: ≤0.45 g/L). CSF glucose levels were normal in all patients. Herpes simplex virus, Epstein–Barr virus, Mycoplasma pneumoniae and bacteria in the CSF were all negative. Ten patients (10/17, 59%) underwent next-generation sequencing testing of CSF, with all tests yielding negative results.



3.3 MOG antibodies in serum/CSF

All 17 children had serum MOG antibodies titers of ≥1:32. Thirteen patients underwent only FCBA testing, while four patients received both FCBA and LCBA testing. Patients 8 and 16 were negative by FCBA but had a titer of 1:100 by LCBA. MOG antibodies titers in CSF were ≥1:32 in six children (6/17, 35%), 1:10 in five children (5/17, 29%) and negative in six children (6/17, 35%). All patients tested negative for anti-AQP4 and anti-GFAP antibodies in both serum and CSF.



3.4 EEG findings

EEG were abnormal in 10 of the 17 children (10/17, 59%) during the acute phase, revealing generalized slowing in seven children (7/17, 41%), focal slow waves in two children (2/17, 12%), and generalized slowing combined with focal epileptic discharges in one child (1/17, 6%). The other seven children (7/17, 41%) had no significant EEG abnormalities.



3.5 Neuro-imaging

During the acute phase, 17 children underwent brain MRI scans which revealed normal results, with a median duration of 9 days (IQR: 5.5–16.5 days). Of the 17 patients, 15 underwent a follow-up brain MRI during the acute phase, with a median duration of 13 days (IQR: 9–23 days). None of the patients exhibited new intracranial lesions or meningeal enhancement (Figures 1A–C). Spinal MRI was also conducted in six patients with normal results. When patient 15 and 16 clinical manifestations of optic neuritis, orbital MRI revealed optic nerve inflammation (Figures 1D–F).

[image: Figure 1]

FIGURE 1
 MRI features of MOG antibodies positive encephalitis. Patient 1: Normal brain MRI on the 11th, 20th, and 54th days from onset (A–C); Patient 16: Normal brain and spinal MRI at acute phase (D,E); Bilateral optic nerve enhancement on the 28th day after the onset (F). Patient 2: Normal brain MRI at the first attack (G); Six months after onset, a relapse occurred with T2 flair hyperintensity in the right thalamus (H); The lesion disappeared after immunotherapy (I). Patient 3: Normal brain MRI at acute phase (J); T2 flair hyperintensity in the right globus pallidus on follow-up scans 2 months later (K); The lesion almost disappeared 5 months after the onset of the disease without chronic immunotherapy (L).




3.6 The treatments and outcomes

The treatments and outcomes of the 17 patients were summarized in Table 2. All patients were suspected of having an intracranial infection and received treatment with acyclovir or/and antibiotics before MOGAD diagnosis. However, there was no improvement in clinical outcomes, and two cases experienced visual impairment during the course of the disease. The median time to diagnosis after onset was 18 days (IQR: 10–25.5 days). Thirteen patients (13/17, 76%) were treated with intravenous immunoglobulin (IVIG) at 2 g/kg over 4–5 days after suspected or diagnosed MOGAD. Ten patients (10/17, 59%) were treated with IVIG combined with intravenous methylprednisolone (IVMP) at a dose of 15–20 mg/kg per day over 3–5 days in the acute phase following oral prednisone (OP, 1.5–2.0 mg/kg/day). Two patients (2/17, 12%) were treated with IVMP following OP, and one patient (1/17, 6%) was treated with IVIG combined with OP. Two patients (2/17, 12%) were treated with IVIG only, and two patients (2/17, 12%) was treated with OP alone. For the children who received OP, the dosage was gradually reduced and discontinued within a period of 3 to 6 months. All patients showed clinical improvement after immunotherapy treatment.



TABLE 2 The treatments and outcomes of the pediatric patients with MOG antibody-positive and normal brain MRI.
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All children were followed for a median duration of 17 months (IQR: 6.5–40 months). One child (1/17, 6%, patient 2) developed a relapse. Six months after the initial disease onset, patient 2 experienced a relapse with clinical manifestations of encephalitis. At the same time, the brain MRI showed T2 hyperintensity in the right thalamus (Figure 1H). Nine of seventeen patients underwent follow-up brain MRI during the remission phase. Apart from Patient 2, who developed a new lesion during the relapse, one patient (1/9, 11%, patient 3) had subclinical lesions. Patient 3 exhibited asymptomatic radiological activity on the second month of disease onset, characterized by T2 hyperintensity in the right globus pallidus, but did not receive immunotherapy. The MRI lesion absorption has disappeared after the fifth month of onset (Figures 1J–L). Additionally, seven patients (7/9, 78%) had normal brain MRI during follow-up examinations during the remission phase. All patients achieved complete clinical remission at the final follow-up, with MRS scores all at 0.




4 Discussion

In recent years, the disease spectrum of MOGAD has continually broadened, with studies uncovering rare and atypical demyelinating presentations, such as isolated seizures (4, 5), cortical encephalitis (5, 16), aseptic meningitis (3, 5), overlapping syndrome of MOGAD and anti-N-methyl-D aspartate receptor encephalitis (5) or Leukodystrophy-like phenotype (17). Despite several manuscripts offering diagnostic recommendations for MOGAD (18–20) and the International Panel on MOG-Antibody Associated Demyelinating Diseases proposing criteria in 2023 (1), these guidelines do not comprehensively cover all clinical phenotypes associated with MOGAD. Therefore, current criteria might miss these cases with normal MRI.

Encephalitic syndromes with MOG antibodies and normal brain MRI have been sporadically reported in previous reports (3, 6–8). In a comprehensive study focusing on “Investigating the 2023 MOGAD Criteria in Children and Adults With MOG-Antibody Positivity Within and Outside Attacks,” three children also exhibited cerebral syndrome, pleocytosis, and normal brain MRI findings (with no radiological delay observed in repeat MRI studies conducted 1–2 weeks after the initial assessment) (7). In addition, radiologic lag has also been reported in the acute phase of MOGAD (8, 12). Therefore, current criteria might miss these cases with normal MRI or radiologic lag. This emerging phenotype of MOGAD presents with normal brain imaging, which contrasts with the typical demyelinating lesions observed in other forms of the disease and may lead to misdiagnosis. Consequently, heightened awareness and vigilance are crucial. Here, we summarized the clinical significance of MOG antibodies positive encephalitis with normal brain MRI for a better understanding of its diagnosis, treatment and prognosis.

The proportion of encephalitic syndromes associated with MOG antibodies positive and normal brain MRI findings in our center was relatively low, accounting for 4.67% of all MOGAD cases (17/364). In a previous study, MOGAD with normal brain MRI represented only 2% of the 133 pediatric cases (none was identified among 124 adults) (7). These patients tended to have an older onset age, with an average of 9.2 ± 2.8 years, and the majority (15/17, 89%) had their onset after 7 years of age. This is slightly older than the median age of 6.2 years reported in previous study for pediatric demyelinating and encephalitic syndromes associated with MOG antibodies (6). In our study, the main clinical manifestations of the patients were fever (17/17, 100%), headaches (17/17, 100%), slightly altered mental status (17/17, 100%), seizures (6/17, 35%; one with status epilepticus), vomiting (6/17, 35%), decreased binocular vision (2/17, 12%) and hemiplegia (1/17, 6%). Interestingly, fever was a prominent symptom, with a median duration of 15 days (IQR: 7.5–21 days) and 13 patients experiencing fever for more than a week (range: 10–30 days) before initiating immunotherapy. Additionally, these patients presented with relatively mild altered mental status, such as lethargy or somnolence, and their clinical manifestations were largely similar to those reported in cases of aseptic encephalitis (3). Compared to non-ADEM encephalitis, the symptoms in our patients were relatively milder (6). A previous study by Armangue et al. reported the clinical features of 22 patients with non-ADEM encephalitis, including decreased level of consciousness (22/22, 100%), seizures (14/22, 64%; 10 with status epilepticus), fever (13/22, 59%), abnormal behavior (11/22, 50%), motor deficits (9/22, 40%), abnormal movements (8/22, 36%), and brainstem cerebellar dysfunction (5/22, 23%) (6). However, only two of these 22 patients had normal brain MRI, while the remaining 20 exhibited imaging changes inconsistent with ADEM (6).

In our study, the blood white blood cell (WBC) count was 20.63 ± 7.09 × 109/L, with the majority of cases (15/17, 88%) exhibiting leukocytosis and elevated neutrophil ratios in all patients. However, the majority of patients (13/17, 76%) exhibited normal levels of PCT and CRP, with only a minority experiencing slight elevations. All patients presented with CSF leukocytosis (median: 82/mm3, IQR: 49–155/mm3), along with normal glucose levels in the CSF. Additionally, a small subset of patients (6/17, 35%) had mild elevated CSF protein levels. MOG antibody-positive encephalitic syndromes, when accompanied by normal brain MRI findings, can pose a diagnostic challenge due to their similarity to infectious diseases. Nevertheless, the peripheral inflammatory changes and CSF abnormalities observed in these patients differ from the typical patterns seen in bacterial meningitis and viral encephalitis. Furthermore, tests for herpes simplex virus, Epstein–Barr virus, Mycoplasma pneumoniae, and bacteria in the CSF were all negative, and next-generation sequencing of CSF from 10 patients also yielded negative results. Importantly, all patients failed to show clinical improvement after receiving antibiotics or antiviral therapy. Based on these test results and the patients’ response to treatment, we were able to reasonably exclude the diagnosis of infectious encephalitis.

All of the patients had a good response to first-line immunotherapy, further supporting the diagnosis of MOGAD. This good response to immunotherapy during the acute phase aligns with the majority of other MOGAD phenotypes reported in previous studies (6, 21, 22). Following a median follow-up duration of 17 months (IQR: 6.5–40 months), all patients achieved full recovery, with only one patient (1/17, 6%) experiencing a relapse. A large mixed adult and pediatric cohort with 252 MOG antibodies positive patients showed that 78% of these patients had a good (not further specified) or full recovery from the initial attack, with more often a full recovery in pediatric patients and patients presenting with ON and ADEM/ADEM-like phenotypes (22). After a median follow-up of 42 months (IQR: 22–67 months), 33 (28%) of the 116 patients with demyelinating and encephalitic syndromes with MOG antibodies positive had relapses, including 17 (17%) of 100 diagnosed at first episode (6). Gu et al. reported 17 patients with MOG antibodies positive aseptic meningitis-like attack, among which 4 cases relapsed. Among the relapsing 4 patients, 7 relapses occurred in total, including 3 attacks of ADEM-like, 2 attacks of cortical encephalitis, 1 attack of meningitis and 1 attack of isolated-ON (3). The recurrence rate observed in our study differs from that reported by Gu et al., potentially due to our exclusive inclusion of patients with normal brain MRI findings, whereas the case series reported by Gu et al. partially involved demyelinating lesions and meningeal enhancement. Compared to other phenotypes of MOGAD, the encephalitis phenotype accompanied by normal brain MRI appears to have a more favorable prognosis.

In our study, we observed that only one patient (patient 3) exhibited asymptomatic radiological activity 2 months after onset, characterized by a T2 hyperintense lesion in the right pallidum, which did not show contrast enhancement on T1-weighted imaging. The MRI lesion absorption has disappeared after the fifth month of onset without immunotherapy (Figures 1J–L). During the 38-month follow-up period, patient 3 did not receive chronic immunotherapy and did not experience any clinical recurrences. New brain remission lesions were reported in 10 of 74 children with MOGAD, most commonly within the first month post-onset, with a positive predictive value for clinically relapsing disease of only 20% (23). Therefore, detection of asymptomatic lesions alone need not prompt initiation of chronic immunotherapy (23).

It is noteworthy that patient 15 and patient 16 without receiving immunotherapy developed bilateral optic neuritis on the 20th and 28th day of the disease course, respectively. Among the 17 reported cases of MOGAD with aseptic meningitis-like attacks, 5 patients had new neurological manifestations, two of visual deterioration, two of ataxia, and one of abnormal mental behavior (3). In previous studies, it was found that early treatment of the first acute MOGAD attack is associated with a reduction in the proportion of recurrent courses and an increased likelihood of conversion to seronegative for MOG-IgG (24, 25). Thus, it is worthwhile to investigate whether prompt immunotherapy can prevent the emergence of new neurological manifestations.

The pathological mechanism of MOG antibodies positive encephalitis with normal brain MRI imaging is unknown. MOG is formed by oligodendrocyte plasma membranes that are wrapped around neuronal axons in the CNS. MOG is a protein expressed by oligodendrocytes and localized to the outermost lamellae of myelin (26). Therefore, MOGAD should be just associated with inflammatory demyelinating diseases of white matters in nervous system. However, in previous reports, a minority of MOGAD patients exhibit normal imaging or non-demyelinating lesions, such as isolated seizures (4) and cortical encephalitis (16). For instance, the patients with isolated seizures may present with unremarkable brain MRI findings at onset, but subsequently develop typical demyelinating events with MRI abnormalities during follow-up, accompanied by persistent MOG antibodies (4). The interval between isolated seizures and a new demyelinating event can range from months to years, suggesting an underlying immunological pathogenesis that may already be present at the onset of seizures (4). Furthermore, patients with MOG antibodies positive cortical encephalitis have shown mild inflammatory changes in the cortex and subcortex without distinct demyelination (27, 28). Therefore, some MOGAD cases do not exhibit demyelinating changes on imaging during the acute phase and may even appear normal radiographically. This could be due to the lack of a direct pathogenic relationship with MOG antibodies or the possibility that some changes are not detectable by conventional MRI. Advanced imaging techniques such as 7.0 T ultrahigh-field MRI or Positron Emission Tomography-MRI may uncover some potential changes, which requires further research and validation. In 8 out of 33 (24%) pediatric cases of MOG-antibody-associated encephalitis, initial MRI scans of the brain were normal (8). However, subsequent imaging during attacks revealed abnormalities in 4 of these children (8). Although our 15 patients underwent a follow-up brain MRI during the acute phase, the possibility of radiologic lag cannot be ruled out. While the pathogenesis of MOG antibodies in encephalitis with normal brain MRI remains unclear, we propose that this type may be regarded as a new spectrum associated with MOG antibodies. As the spectrum of MOGAD continues to expand, the diagnostic criteria for MOGAD require validation and further optimization.

We acknowledge several limitations of this study. First, not all patients underwent spinal MRI to determine the presence of subclinical spinal lesions. Secondly, two children did not undergo a follow-up brain MRI during the acute phase, so it is impossible to completely rule out the possibility of new radiological lesions developing. Third, it cannot be guaranteed that all patients underwent MRI scans using the same machine. Fourth, not all patients undergo CNS next-generation sequencing. Fifth, the follow-up time was relatively short for some patients. Finally, although this is the largest case series known to us currently, the number of cases is still small. More prospective multicenter studies with larger samples are needed to further explore the clinical characteristics, treatment, and prognosis of this type.



5 Conclusion

We recommend that patients with clinical manifestations of encephalitis, even if the brain MRI are normal, should undergo early testing for anti-MOG antibody if they exhibit the following characteristics: (1) persistent fever; (2) elevated peripheral blood WBC counts, while PCT and CRP are normal or slightly elevated; (3) mild elevation of CSF WBC counts, normal or mild elevated protein, and normal cerebrospinal fluid glucose; (4) ineffective antibiotics or antiviral therapy. Encephalitis with normal brain MRI may be regarded as a potential new spectrum associated with MOG antibodies, meriting additional exploration and consideration.



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 authors.



Ethics statement

The studies involving humans were approved by the Ethics Committee of the Children’s Hospital of Chongqing Medical University. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin. Written informed consent was obtained from the minor(s)’ legal guardian/next of kin for the publication of any potentially identifiable images or data included in this article.



Author contributions

YJ: Data curation, Investigation, Software, Writing – original draft. PY: Data curation, Writing – review & editing. XS: Formal analysis, Software, Supervision, Resources, Writing – review & editing. JM: Project administration, Supervision, Writing – review & editing. SH: Formal analysis, Supervision, Writing – review & editing. XL: Conceptualization, Funding acquisition, Supervision, Writing – review & editing. LJ: Conceptualization, Funding acquisition, Supervision, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This research was supported by the CQMU Program for Yourth Inovation in Future Medicine (W0116).



Acknowledgments

We gratefully thank the participant and his families provided consent for the publication.



Conflict of interest

The 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.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.



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.



References

 1. Banwell, B, Bennett, JL, Marignier, R, Kim, HJ, Brilot, F, Flanagan, EP , et al. Diagnosis of myelin oligodendrocyte glycoprotein antibody-associated disease: international Mogad panel proposed criteria. Lancet Neurol. (2023) 22:268–82. doi: 10.1016/s1474-4422(22)00431-8 

 2. Devaraj, R, Shafi, P, Nagesh, C, Alladi, S, and Satishchandra, P. Aseptic meningitis followed by bilateral optic neuritis: an uncommon phenotype of Mogad. Neurol Clin Pract. (2021) 11:e790–3. doi: 10.1212/cpj.0000000000001129 

 3. Gu, M, Mo, X, Fang, Z, Zhang, H, Lu, W, Shen, X , et al. Characteristics of aseptic meningitis-like attack-an underestimated phenotype of myelin oligodendrocyte glycoprotein antibody-associated disease. Mult Scler Relat Disord. (2023) 78:104939. doi: 10.1016/j.msard.2023.104939 

 4. Ramanathan, S, O'Grady, GL, Malone, S, Spooner, CG, Brown, DA, Gill, D , et al. Isolated seizures during the first episode of relapsing myelin oligodendrocyte glycoprotein antibody-associated demyelination in children. Dev Med Child Neurol. (2019) 61:610–4. doi: 10.1111/dmcn.14032 

 5. Wang, XY, Jiang, Y, Wu, P, Ma, JN, Yuan, P, Li, XJ , et al. Less common phenotypes of myelin oligodendrocyte glycoprotein antibody-related diseases in children deserve more attention. Pediatr Res. (2024) 96:731–9. doi: 10.1038/s41390-024-03058-x 

 6. Armangue, T, Olivé-Cirera, G, Martínez-Hernandez, E, Sepulveda, M, Ruiz-Garcia, R, Muñoz-Batista, M , et al. Associations of Paediatric demyelinating and encephalitic syndromes with myelin oligodendrocyte glycoprotein antibodies: a multicentre observational study. Lancet Neurol. (2020) 19:234–46. doi: 10.1016/s1474-4422(19)30488-0 

 7. Fonseca, E, Olivé-Cirera, G, Martinez-Hernandez, E, Guasp, M, Naranjo, L, Ruiz-García, R , et al. Investigating the 2023 Mogad criteria in children and adults with Mog-antibody positivity within and outside attacks. Neurology. (2024) 103:e209682. doi: 10.1212/wnl.0000000000209682 

 8. Kim, NN, Champsas, D, Eyre, M, Abdel-Mannan, O, Lee, V, Skippen, A , et al. Pediatric Mog-ab-associated encephalitis: supporting early recognition and treatment. Neurol Neuroimmunol Neuroinflamm. (2024) 11:e200323. doi: 10.1212/nxi.0000000000200323 

 9. Sechi, E, Krecke, KN, Pittock, SJ, Dubey, D, Lopez-Chiriboga, AS, Kunchok, A , et al. Frequency and characteristics of Mri-negative myelitis associated with Mog autoantibodies. Mult Scler. (2021) 27:303–8. doi: 10.1177/1352458520907900 

 10. Song, X, and Ma, J. Clinical characteristics of myelin-oligodendrocyte glycoprotein antibody-positive pediatric autoimmune encephalitis without demyelination: a case series. Front Immunol. (2022) 13:1050688. doi: 10.3389/fimmu.2022.1050688 

 11. Song, X, Ma, J, Li, X, and Jiang, L. Children suspected of having intracranial infection with Normal brain magnetic resonance imaging may be associated with the myelin oligodendrocyte glycoprotein antibody. Brain Dev. (2022) 44:281–6. doi: 10.1016/j.braindev.2021.12.009 

 12. Cacciaguerra, L, Abdel-Mannan, O, Champsas, D, Mankad, K, Krecke, KN, Chen, JJ , et al. Radiologic lag and brain Mri lesion dynamics during attacks in Mog antibody-associated disease. Neurology. (2024) 102:e209303. doi: 10.1212/wnl.0000000000209303 

 13. Venkatesan, A, Tunkel, AR, Bloch, KC, Lauring, AS, Sejvar, J, Bitnun, A , et al. Case definitions, diagnostic algorithms, and priorities in encephalitis: consensus statement of the international encephalitis consortium. Clin Infect Dis. (2013) 57:1114–28. doi: 10.1093/cid/cit458 

 14. Li, Z, Sun, H, Fan, X, Yuan, P, Jiang, Y, Wu, P , et al. Clinical and prognostic analysis of autoantibody-associated Cns demyelinating disorders in children in Southwest China. Front Neurol. (2021) 12:642664. doi: 10.3389/fneur.2021.642664 

 15. Bruijstens, AL, Breu, M, Wendel, EM, Wassmer, E, Lim, M, Neuteboom, RF , et al. E.U. Paediatric Mog consortium consensus: part 4 - outcome of Paediatric myelin oligodendrocyte glycoprotein antibody-associated disorders. Eur J Paediatr Neurol. (2020) 29:32–40. doi: 10.1016/j.ejpn.2020.10.007 

 16. Doig, D, McNamara, C, Mewasingh, L, Beri, S, Jones, B, Kachramanoglou, C , et al. Autoimmune cortical encephalitis in two children with anti-myelin oligodendrocyte glycoprotein (Mog) antibody. J Neurol. (2021) 268:1096–101. doi: 10.1007/s00415-020-10260-4 

 17. Jiang, Y, Tan, C, Li, X, Jiang, L, Hong, S, Yuan, P , et al. Clinical features of the first attack with Leukodystrophy-like phenotype in children with myelin oligodendrocyte glycoprotein antibody-associated disorders. Int J Dev Neurosci. (2023) 83:267–73. doi: 10.1002/jdn.10255 

 18. Jarius, S, Paul, F, Aktas, O, Asgari, N, Dale, RC, de Seze, J , et al. Mog encephalomyelitis: international recommendations on diagnosis and antibody testing. J Neuroinflammation. (2018) 15:134. doi: 10.1186/s12974-018-1144-2 

 19. López-Chiriboga, AS, Majed, M, Fryer, J, Dubey, D, McKeon, A, Flanagan, EP , et al. Association of Mog-igg Serostatus with relapse after acute disseminated encephalomyelitis and proposed diagnostic criteria for Mog-igg-associated disorders. JAMA Neurol. (2018) 75:1355–63. doi: 10.1001/jamaneurol.2018.1814 

 20. Marignier, R, Hacohen, Y, Cobo-Calvo, A, Pröbstel, AK, Aktas, O, Alexopoulos, H , et al. Myelin-oligodendrocyte glycoprotein antibody-associated disease. Lancet Neurol. (2021) 20:762–72. doi: 10.1016/s1474-4422(21)00218-0 

 21. Bruijstens, AL, Wendel, EM, Lechner, C, Bartels, F, Finke, C, Breu, M , et al. E.U. Paediatric Mog consortium consensus: part 5 - treatment of Paediatric myelin oligodendrocyte glycoprotein antibody-associated disorders. Eur J Paediatr Neurol. (2020) 29:41–53. doi: 10.1016/j.ejpn.2020.10.005 

 22. Jurynczyk, M, Messina, S, Woodhall, MR, Raza, N, Everett, R, Roca-Fernandez, A , et al. Clinical presentation and prognosis in Mog-antibody disease: a Uk study. Brain. (2017) 140:3128–38. doi: 10.1093/brain/awx276 

 23. Fadda, G, Banwell, B, Waters, P, Marrie, RA, Yeh, EA, O'Mahony, J , et al. Silent new brain Mri lesions in children with Mog-antibody associated disease. Ann Neurol. (2021) 89:408–13. doi: 10.1002/ana.25957 

 24. Bruijstens, AL, Lechner, C, Flet-Berliac, L, Deiva, K, Neuteboom, RF, Hemingway, C , et al. E.U. Paediatric Mog consortium consensus: part 1 - classification of clinical phenotypes of Paediatric myelin oligodendrocyte glycoprotein antibody-associated disorders. Eur J Paediatr Neurol. (2020) 29:2–13. doi: 10.1016/j.ejpn.2020.10.006 

 25. Margherita, N, Michael, E, Thea, G, Massimiliano, V, Marida, DC, Andrea, DP , et al. Early immunotherapy and longer corticosteroid treatment are associated with lower risk of relapsing disease course in pediatric Mogad. Neurol Neuroimmunol Neuroinflamm. (2022) 10:e200065. doi: 10.1212/nxi.0000000000200065 

 26. Brunner, C, Lassmann, H, Waehneldt, TV, Matthieu, JM, and Linington, C. Differential ultrastructural localization of myelin basic protein, myelin/Oligodendroglial glycoprotein, and 2′,3'-cyclic nucleotide 3'-phosphodiesterase in the Cns of adult rats. J Neurochem. (1989) 52:296–304. doi: 10.1111/j.1471-4159.1989.tb10930.x 

 27. Ikeda, T, Yamada, K, Ogawa, R, Takai, Y, Kaneko, K, Misu, T , et al. The pathological features of Mog antibody-positive cerebral cortical encephalitis as a new Spectrum associated with Mog antibodies: a case report. J Neurol Sci. (2018) 392:113–5. doi: 10.1016/j.jns.2018.06.028 

 28. Fujimori, J, Takai, Y, Nakashima, I, Sato, DK, Takahashi, T, Kaneko, K , et al. Bilateral frontal cortex encephalitis and Paraparesis in a patient with anti-Mog antibodies. J Neurol Neurosurg Psychiatry. (2017) 88:534–6. doi: 10.1136/jnnp-2016-315094 


Copyright
 © 2025 Jiang, Yuan, Song, Ma, Hong, Li and Jiang. 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.

OPS/images/fneur-16-1537538-t002.jpg
Patient Initial diagnosis Treatment before ~ Timeto  Immunotherapy Time to Follow  mRSat

MOGAD diagnosis ~ diagnosis 2nd up last
(days) relapse (months)  follow-
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1 Purulent meningitis Vancomycin + 23 VMR OP None 0 0
meropenem
2 Viral encephalitis Acyclovir 9 IVIG, IVMP, OP Encephalitis/6 39 0
3 Purulent meningitis Vancomycin + 1 VIG None 38 0
meropenem
4 Viral encephalitis Acyclovir, oxcarbazepine 10 IVIG, IVMP, OP None 0 0
5 Purulent meningtis Cephalosporin 70 op None 3 0
3 Viral encephalitis; Purulent | Cephalosporin + acyclovir 2 IVIG, IVMP, OP None 12 0
‘meningitis
7 Purulent meningitis Cephalosporin 18 IVIG, IVMP, OP None 8 0
8 Viral encephalitis Acydlovir 7 op None 3 0
9 Viral encephalitis; Purulent |~ Cephalosporin + acyclovir 17 IVIG, IVMP, OP None 4 0
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IVIG, intravenous immunoglobulin; IVME, intravenous methylprednisolone; OP, oral prednisone; mRS, modified Rankin scale.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Pediatric MOG antibody-positive encephalitis with normal brain magnetic resonance imaging: a new spectrum associated with MOG antibodies?



		1 Introduction



		2 Subject and method



		3 Results



		3.1 The clinical findings



		3.2 The ancillary examination results



		3.3 MOG antibodies in serum/CSF



		3.4 EEG findings



		3.5 Neuro-imaging



		3.6 The treatments and outcomes









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/fneur-16-1537538-g001.jpg





OPS/images/fneur-16-1537538-t001.jpg
Patient

Symptoms

Duration of

fever (days)

mRS at
onset

Serum (WBC/N/

CRP/PCT)

CSF (WBC/Pro/

Glu/NGS)

MOG-Ab titer
in serum/CSF

17

F

97

13

102

106

77

104

95

7.1

49

78

79

145

7.1

135

101

Fever, headache, lethargy, seizure

Fever, vomiting, headache,

lethargy, seizure

Fever, vomiting, headache,

lethargy

Fever, headache, lethargy, seizure,

right hemiplegia

Fever, headaches, seizure,

somnolence
Fever, headache, lethargy

Fever, headache, vomiting,

lethargy

Fever, vomiting, headache,

ion status

lethargy, focal convl

Fever, headache, lethargy

Fever, headache, lethargy
Fever, headache, lethargy

Fever, headache, lethargy, seizure

Fever, headache, lethargy,

Fever, vomiting, headache,
lethargy
Fever, vomiting, headache,

lethargy, decreased binocular

vision

Fever, headache, lethargy;

decreased binocular vision

Fever, headache, lethargy

2

2

20

£

23

30

21

2

33.61/0.76/<8/<0.05

1320/0.75/<8/<0.05

19.50/0.81/<8/<0.05

21.50/0.86/<8/<0.05

1083/0.76/<8/<0.05

1235/0.83/<8/<0.05

24.81/0.83/<8/<0.05

11.53/0.9/<8/0.07

22.85/0.81/<8/<0.05

22.03/0.82/10.61/<0.05
22.39/0.87/36.62/0.07

29.70/0.83/54.18/0.14

2681/0.75/20.97/<0.05

17.55/0.84/<8/<0.05

17.47/0.841<8/<0.05

13.40/0.75/<8/<0.05

31.23/0.89/<8/0.09

240/0.85/2.96/~

75/0.33/4.45/NA

362/1.48/2.7/NA

22/0.28/2.73/NA

28/0.36/2.63/NA

111/0.37/2.9/—

216/0.67/233/—

41/0.37/2.89/~

124/0.43/3.44/~

82/0.23/3.14/~
80/0.24/2.82/NA

46/0.55/3.29/NA

57/0.28/2.7/—

110/1.4/2.61/—

52/0.18/2.77/~

185/0.38/2.55/—

126/1.11/2.52/NA

1:100/— (FCBA)

1:100/1:100 (FCBA)

1:32/1:10 (FCBA)

1:32/1:10 (FCBA)

1:32/1:32 (FCBA)

1:100/1:10 (FCBA)

1:32/— (FCBA)

~/— (FCBA)
1:100/1:32 (LCBA)

1:100/1:32 (FCBA)
1:100/1:32 (LCBA)

1:100/= (FCBA)
1:100/1:10 (FCBA)

1:32/1:10 (FBCA)
1:100/~ (LBCA)

1:320/ (FCBA)
1:32/1:32 (FCBA)

1:32/= (FCBA)

~/= (FCBA)
1:100/~ (LCBA)
1:32/1:32 (FCBA)

Generalized slowing

Generalized slowing

Generalized slowing

Generalized slowing, spike-slow
wave in the left posterior temporal

region

Generalized slowing

Normal

Normal

Slowing in the left temporal region

Normal

Normal
Normal

Generalized slowing

Generalized slowing

Normal

Generalized slowing

Slowing in the bilateral frontal

region

Normal

M, male; F, female;y, years; mRS, modified Rankin scales N~ negative: NA, not applicables m, months; serum WBC, peripheral white blood cell count (x10/L); N, neutrophilratios CR, C-reactive protein (mg/L); PCT, procalcitonin (ng/m): Pro, CSF total protein (mg/

dl); CSF WBC, white blood cells/mm’ in CSF; Glu, CSF glucose (mmol/L); NGS: next-generation sequencings FCBA: fixed cell-based assay; LCBA: lived cell-based assay; EEG, electroencephalography.





OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

Pediatric MOG antibody-positive
encephalitis with normal brain
magnetic resonance imaging: a
new spectrum associated with

MOG antibodies?












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Neurology






