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A 38-year-old Chinese Han man presented with fever, headache and difficulty in language expression. The initial cerebrospinal fluid (CSF) analysis revealed lymphocytic-predominant pleocytosis with a normal glucose level, and magnetic resonance imaging (MRI) showed extensive cortical edema in left cerebral hemisphere. He received the antiviral treatment. However, one week later, he developed psychomotor agitation and seizures. Lumbar puncture was performed again and further testing for autoantibodies was conducted in both the CSF and serum. His CSF was positive for anti-myelin oligodendrocyte glycoprotein (MOG), anti-N-methyl-D-aspartate receptor (NMDAR) and anti-metabotropic glutamate receptor 5 (mGluR5) antibodies. He was diagnosed with overlapping syndrome of MOG antibody-related cerebral cortical encephalitis and anti-NMDAR, anti-mGluR5 autoimmune encephalitis. He received intravenous methylprednisolone and immunoglobulin, followed by oral prednisone and mycophenolate mofetil. His psychomotor agitation and seizures were relieved, and he gradually recovered his language expression ability. We reported for the first time a case that was positive for coexistent MOG, NMDAR, mGluR5 antibodies, which was initially misdiagnosed as infectious meningoencephalitis. This case widens the clinical spectrum of the overlapping syndrome recently reported.
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Introduction

Myelin oligodendrocyte glycoprotein antibody-associated disease (MOGAD) is an inflammatory demyelinating disease of the central nervous system (CNS), and typically presents as optic neuritis, transverse myelitis, brainstem demyelination and acute disseminated encephalomyelitis (1). Recently, MOG antibody-related cerebral cortical encephalitis, a rare clinical phenotype of MOGAD, has been reported (2, 3). Of note, atypical clinical manifestations for demyelinating diseases including fever, seizures, headaches, and cerebral cortical symptoms such as aphasia, mental disorder, and memory impairment, are common in MOG cortical encephalitis (1). In addition, MOG cortical encephalitis has been reported to be accompanied by coexisting anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis (4). The NMDAR and MOG are coexpressed on the oligodendrocytic processes, which may explain the coexistence of these antibodies (5). Metabotropic glutamate receptor 5 (mGluR5) belonging to a family of G protein-coupled receptors is found on post-synaptic terminals of neurons and microglia (6). To the best of our knowledge, there are no case reports of coexistent MOG, NMDAR and mGluR5 antibodies in literature. Herein, we describe a rare case of overlapping syndrome with the coexistence of all three antibodies, manifesting as clinical meningoencephalitis, which is a first of its kind. Our study enriches the current literature on overlapping autoimmune syndromes.



Clinical case

A 38-year-old right-handed Chinese Han man presented with complaints of difficulty in language expression with no past medical history and no family history of neurological disease. He reported a 12-day history of intermittent fever and headache after catching a cold. On admission, a neurological examination revealed unremarkable except for motor aphasia and neck stiffness. His mini mental score examination (MMSE) was 28/30 (lost 1 point in recall, and lost 1 point in retell). Brain magnetic resonance imaging (MRI) showed extensive cortical edema in left cerebral hemisphere (Figures 1A–C). Electroencephalogram (EEG) showed diffuse sharp-slow wave activity in left frontal and temporal lobes (Supplementary Figure 1). Complete blood cell count revealed leukocytosis (11.21 * 109/L). Routine biochemical tests, antinuclear antibody and thyroid function testing were normal. Human immunodeficiency virus and rapid plasma reagin were negative. Workup for malignancies (peripheral blood tumor marker, chest and abdominal CT scans) was negative. Cerebrospinal fluid (CSF) analysis indicated an elevated opening pressure (380 mm H2O), pleocytosis (white blood cell count 396 * 106/L; 60% lymphocytes), an elevated protein level (1.417 g/L) and a normal glucose concentration. CSF Gram staining, ink staining as well as bacterial and fungal cultures were negative. Testing for infectious encephalitis was unremarkable (CSF PCR for H. influenzae, N. meningitidis, S. pneumoniae, M. tuberculosis, Cytomegalovirus, Enterovirus, Herpes simplex 1 and 2, Varicella zoster, Japanese Encephalitis virus, Epstein-Barr virus and Cryptococcus neoformans). He was empirically treated for presumptive viral meningoencephalitis with intravenous acyclovir, and mannitol was used for the reduction of intracranial pressure.




Figure 1 | (A–C) Brain MRI of the patient at two weeks after the symptom onset showed hyperintensity of the extensive cortex in left cerebral hemisphere on fluid attenuated inversion recovery (FLAIR) imaging and diffusion weighted imaging (DWI) (arrows). (D–F) MRI was repeated at six weeks and showed a significant improvement of the imaging abnormality. (G–I) MRI performed at almost eight months after initial symptom onset depicted no signal abnormalities on FLAIR, DWI and T1-weighted gadolinium-enhanced sequences.



On the seventh day of admission, the patient developed multiple episodes of psychomotor agitation, and he had an episode of generalized tonic-clonic seizure, all four limbs becoming rigid along with up-rolling of the eyes, which lasted for about two minutes and then resolved. The following day he developed convulsive status epilepticus, and intravenous diazepam 10 mg was administered to terminate the seizure activity. Subsequently, oral oxcarbazepine (300 mg b.i.d.) was given and antiviral treatment with intravenous acyclovir continued. Lumbar puncture was performed again, and the repeated CSF test still indicated leukocytosis (203 * 106/L) and a high protein level (1.132 g/L). Meanwhile, CSF and serum testings for MOG antibody and autoimmune encephalitis panel (antibodies against IgLON5, DPPX, GlyR1, DRD2, mGluR5, NMDAR, AMPA1, AMPA2, LGI1, CASPR2, GABAB, mGluR1, GAD65, and Neurexin-3α) were conducted on a cell based assay (CBA). MOG antibodies were positive in the serum (1:32) and CSF (1:10) (Figure 2A). Autoimmune encephalitis panel revealed positivity for serum and CSF mGluR5 antibody (both 1:10) as well as positivity for CSF NMDAR antibody (1:10) (Figure 2B). He was diagnosed with an overlapping syndrome of MOG antibody-associated cortical encephalitis and NMDAR, mGluR5 antibody autoimmune encephalitis. He was treated with intravenous methylprednisolone (1000 mg/day for 3 days, 500 mg/day for 3 days, 250 mg/day for 3 days, and 120 mg/day for 3 days) and immunoglobulin (400 mg/kg/day for 5 days), leading to the resolution of seizures and psychomotor agitation. Repeat brain MRI indicated alleviated cortical swelling (Figures 1D–F). Subsequently, the patient was discharged, and he received a gradual tapering dose of oral prednisone (60 mg/day followed by tapering by 5 mg every two weeks) and mycophenolate mofetil (1000 mg/day). Follow-up continued for 6 months, and the patient recovered his language expression ability and no further relapse was recorded. The repeated MMSE was 30/30. The follow-up EEG was normal and brain MRI revealed no obvious abnormalities (Figures 1G–I). In addition, repeated CSF analysis revealed normal cell count and protein. Reexamination of MOG antibody and autoimmune encephalitis panel indicated negativity for serum and CSF mGluR5 and NMDAR antibodies as well as CSF MOG antibody, and that serum MOG antibody titer decreased to 1:10 (Figure 2C). The patient also underwent tumor screening including tumor marker screening, chest CT scan and abdominal ultrasound. No tumor has been detected so far. The clinical manifestations, important results of examinations, relevant diagnosis and interventions of the patient have been summarized in Figure 3.




Figure 2 | Immunofluorescence of anti-NMDAR, anti-mGluR5 and MOG antibodies in the patient’s cerebrospinal fluid and serum. These antibodies bound on the antigens expressed by the HEK293 cells and visualized by the immunofluorescence of fluorescein on the second antibody. (A) Fluorescent antibody staining for expression of MOG antibody in the serum and CSF of the patient at three weeks after the symptom onset. (B) Fluorescent antibody staining for expression of NMDAR and mGluR5 antibodies in the serum and CSF of the patient at three weeks after the symptom onset. (C) Fluorescent antibody staining for expression of MOG antibody in the serum of the patient at six months after discharge.






Figure 3 | Timeline of our patient with clinical manifestations, relevant results of examinations, diagnosis and interventions.





Discussion

In this study, we describe a rare case of an overlapping syndrome with the coexistence of MOG-IgG, NMDAR-IgG and mGluR5-IgG. MOG-IgG and NMDAR-IgG coexistence is possible, since their autoantigens coexpress on the surface of oligodendrocytes (7). The immune cells may attack the antigens of MOG and NMDAR when targeting oligodendrocytes, and subsequent generate corresponding antibodies in CSF and serum (8). Indeed, several cases have recently reported the co-occurrence of antibodies against both MOG and NMDAR (9–11). Hence, a new emerging concept referring to the coexistence of anti-MOG and anti-NMDAR antibodies is called MOGAD and anti-NMDAR encephalitis overlapping syndrome (MNOS) (11). Anti-mGluR5 encephalitis is very rare, and the coexistence of anti-mGluR5 encephalitis and MNOS has not yet been reported. It is elusive why MOG-IgG, NMDAR-IgG and mGluR5-IgG were present in our patient as their coexistence remains uncommon. Of note, mGluR5 was reported to play a role in regulating the differentiation of oligodendrocyte progenitor cells into oligodendrocytes (12), which indicated that mGluR5 may participate in myelin dysfunction. Therefore, we speculate that MNOS-related oligodendrocyte injury may be accompanied by changed mGluR5 signals, which might be a possible explanation of the co-occurrence of MOG-IgG, NMDAR-IgG and mGluR5-IgG in our patient. Low MOG-IgG titers in the current case have been noticed, and thus the possibility of false positive results should be with caution. Nevertheless, low positive MOG-IgG is reported to be meaningful in the correct clinical context such as in patients with encephalitis (13). Additionally, patients with acute attack of unilateral cortical encephalitis are considered to have a high pre-test probability for MOGAD and a low risk of false-positive MOG-IgG results (14). Hence, we surmise that the potential risk of false-positive results of MOG-IgG testing in our case may be relatively low. To our knowledge, this is the first reported case of coexistent MOG, NMDAR, mGluR5 antibodies in the same patient, which expands the clinical spectrum of the overlapping syndrome recently reported.

MOG antibody-related cerebral cortical encephalitis was first reported by Ogawa et al. (2), which is a rare clinical phenotype of MOGAD. The most prominent clinical manifestation of MOG cortical encephalitis is a seizure, which occurred in about 82.6% of patients (1). Other clinical features include fever, headache, and cerebral cortical symptoms such as aphasia, mental disorder, and memory impairment, etc (1). Brain MRI is characterized by grey matter lesions, particularly involvement of the cerebral cortex and sulcus, but not the subcortical and deep white matter (2, 15). In addition, increased intracranial pressure, CSF pleocytosis with elevated protein levels are common in MOG cortical encephalitis (16). Due to atypical clinical features and CSF changes, MOG cortical encephalitis may be misdiagnosed as infectious meningoencephalitis in the early stage, as seen in our case. In the present case, the patient was initially diagnosed with viral meningoencephalitis and received antiviral treatment. However, the progressive deterioration of this patient made us suspect the initial diagnosis, and further testing for autoantibodies was conducted. Finally, this patient was diagnosed as overlapping MOG antibody-associated cortical encephalitis and NMDAR, mGluR5 antibody autoimmune encephalitis according to characteristic clinical features, neuroimaging characteristics and autoantibodies test in CSF/serum.

Anti-NMDAR encephalitis is the most common type of autoimmune encephalitis. The main clinical manifestations include seizure, psychosis, speech disorder, dyskinesia, impaired consciousness, and autonomic dysfunction (17). Anti-NMDAR encephalitis has been reported in association with CNS demyelinating diseases such as acute disseminated encephalomyelitis (18) and myelitis (19). Recently, anti-NMDAR encephalitis with the coexistence of MOG-IgG has also been observed. In an analysis of 691 patients with anti-NMDAR encephalitis, 12 patients demonstrated positivity for MOG-IgG at the same time (20). Of note, despite seizures being the most prominent symptom in MOG cortical encephalitis, status epilepticus is an unusual presentation of this disease (21). Contrastly, status epilepticus is relatively common in patients with anti-NMDAR encephalitis, as 25% of patients have been reported to present with status epilepticus (22). In our case, the patient developed convulsive status epilepticus, which may be attributed to overlapping anti-NMDAR encephalitis. Therefore, we suggest that patients with MOG cortical encephalitis should be simultaneously tested for other autoantibodies in the CSF and serum for the early detection of an overlapping autoimmune syndrome.

Anti-mGluR5 encephalitis is rare, but case reports of this disease have been increasing with antibody testing becoming more widely available. The occurrence of mGluR5 autoantibody was initially found in two patients with Ophelia syndrome, which refers to neuropsychiatric abnormalities and coexisting Hodgkin lymphoma (23). Given that neuropsychiatric disorders are also main clinical features of MOG cortical encephalitis and anti-NMDAR encephalitis, psychomotor agitation our patient had could be mediated by one or more of the three antibodies, but the extent of contribution of each antibody to the occurrence of the symptom is uncertain. In addition, anti-mGluR5 encephalitis can occur with tumors other than Hodgkin lymphoma or without tumor. Spatola M et al. (24) reported eleven cases of encephalitis with mGluR5, and they found that five out of eleven patients had no tumor and one patient was associated with small cell lung cancer. Of note, this study observed that in all patients with Hodgkin lymphoma, neuropsychiatric symptoms preceded the tumor diagnosis by 2-11 months. Therefore, they proposed that detection of mGluR5 antibody may be useful to anticipate the diagnostic of a cancer (6). In the present case, the initial testing of mGluR5 antibody was positive in serum and CSF, while the repeated examination of serum and CSF mGluR5 antibody performed 6 months after the discharge came negative, and the follow-up workup for malignancy was negative. However, long-term follow up is still necessary due to the possibility of anti-mGluR5 encephalitis relapse (24).

Despite the coexistence of MOG, NMDAR and mGluR5 antibodies, the initial therapy remains similar to that of a patient with single antibody positive. Generally, patients with MOGAD, either alone or as part of an overlapping syndrome, seem to exhibit a rapid response to steroid therapy (3, 25). However, prognostic features of overlapping syndromes may differ from those of isolated antibody disease. It has been reported that patients with overlapping syndromes may have a higher risk of recurrence, and the response to first-line treatments may be more variable (9). Currently, overlapping syndromes reported in most of published cases are mainly dual autoantibodies positivity, while our patient was characterized by triple positivity (MOG-IgG, NMDAR-IgG and mGluR5-IgG), whether this type of encephalitis leads to a worse prognosis remains unclear. In our case, the follow-up testing for autoantibodies indicated that serum and CSF NMDAR and mGluR5 antibodies as well as CSF MOG antibody were negative while serum MOG antibody was positive. Given the persistent positivity to serum MOG-IgG in our patient, continued immunomodulatory therapy and the regular workup of antibody titer during follow-up are also necessary.

This case highlights the difficulties in diagnosing MOG cortical encephalitis overlapping with autoimmune encephalitis due to the atypical clinical features and CSF changes, which may be easily misdiagnosed as infectious meningoencephalitis in the early stages. In patients with fever, headache, epileptic seizures and unilateral cortical MRI encephalitis, the simultaneous determination of autoimmune encephalitis antibodies and MOG antibody should be carried out at the earliest, in order to avoid missed diagnosis as well as initiate immunotherapy in a timely manner. Since MOG cortical encephalitis may cause severe clinical consequences and even deaths, early diagnosis and treatment are of importance (1). Additionally, although MNOS is unlikely associated with tumors (11), regular tumor screening is also relevant and important for patients with MNOS overlapping with anti-mGluR5 encephalitis, given anti-mGluR5 encephalitis probably accompanied by malignancies.



Concluding remarks

We report a rare case of an overlapping syndrome with the coexistence of MOG-IgG, NMDAR-IgG and mGluR5-IgG, which widens the clinical spectrum of the overlapping syndrome recently reported. In patients with unexplained encephalitis, CSF and serum testing that covers both autoimmune encephalitis and CNS demyelinating diseases autoantibodies including MOG-IgG should be considered, in order to make an accurate diagnosis as well as administer adequate and timely treatment.



Patient perspective

When I had headache and fever at onset, I thought that I just caught a cold. However, when I could not express what I want fluently and suffered from seizures, I felt very frightened. As therapy went on, my symptoms gradually improved, and I began to gain confidence and hope. At present, my daily life returns to normal, but I’m still a little worried about relapse of the disease.
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