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Leptomeningeal Enhancement, a Phenotype of Myelin  
Oligodendrocyte Glycoprotein Antibody-Associated Disease 
With Caudate Nucleus Involvement: A Case Report and  
Literature Review

Dear Editor, 
Myelin oligodendrocyte glycoprotein antibody-associated disease (MOGAD) produces 

various manifestations, including optic neuritis, transverse myelitis, acute disseminated en-
cephalomyelitis, and brainstem demyelination.1 However, brain magnetic resonance imag-
ing (MRI) may also demonstrate leptomeningeal enhancement (LME) involving the brain 
cortex and other sites.1 We present a case of MOGAD that presented not only with LME but 
also with a rare imaging feature that involved the caudate nucleus (CN). Furthermore, we 
systematically reviewed articles that reported similar phenotypes, and compared our case 
with the results of the literature review.

We present a 33 year-old female with a history of traveling to Finland and Las Vegas 2 
weeks before the onset of the symptoms of fever (up to 38.5°C), headache, and nausea. She 
and her family denied any psychiatric or cognitive symptoms. A neurological examination 
revealed no focal neurological deficit except for neck stiffness with a positive Kernig’s sign. 
To rule out meningitis, she underwent spinal tapping for cerebrospinal fluid (CSF) analysis 
that revealed pleocytosis (white blood cell [WBC] count=250/μL, 90% lymphocytes), ele-
vated proteins (127.6 mg/dL), slightly decreased glucose levels (54 mg/dL; 120 mg/dL in se-
rum), and increased immunoglobulin G index (0.71). Oligoclonal bands were absent. The 
cytology was negative for malignant cells. Brain MRI indicated LME that predominated in 
the left cerebral cortex and a T2-weighted hyperintense lesion with gadolinium enhance-
ment that involved the head of the CN and the putamen (Supplementary Fig. 1A and B in 
the online-only Data Supplement). Regional slowing of the left frontotemporal area was con-
firmed on electroencephalography. Although intravenous (IV) acyclovir was administered 
before the CSF analysis, various CSF infection tests were subsequently found to be negative, 
including metagenomics for bacterial 16S and fungal internal transcribed spacer, cultures 
for bacteria, fungi, and tuberculosis (Tb), and polymerase chain reactions (PCRs) for sever-
al viruses and Tb. Nonetheless, flavivirus infections such as tick-borne encephalitis (TBE) 
could not be ruled out. She was therefore treated using IV immunoglobulin (IVIg, 2 g/kg for 
5 days) for the two scenarios of autoimmunity and infection.

MOG antibody was subsequently confirmed as positive using fluorescence-activating cell 
sorting (ratio of positive cell=0.744 [positive >0.254], mean fluorescence intensity of fluo-
rescein isothiocyanate channel=5.63 [positive >3.65]). She was negative for other autoim-
mune antibodies, including anti-aquaporin-4 antibody (Supplementary Materials in the 
online-only Data Supplement). Ophthalmological tests were performed using fundoscopy 
and optical coherence tomography, which indicated that both optic nerves were normal. The 
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Table 1. Demographics, clinical manifestations, and radiological findings of MOGAD patients with leptomeningeal enhancement in literature re-
view and our case (n=35)

Available
Unavailable

Presence Absence 

Sex

Males 48.6 (17/35) NA 0.0 (0/35)

Females 51.4 (18/35) NA 0.0 (0/35)

Age, years 94.3 (33/35) NA 5.7 (2/35)

24.45±12.12 (2–55) NA NA

Precedent infection or vaccination 14.3 (5/35) 62.9 (22/35) 22.9 (8/35)

Detail Covid-19 (2), vaginal herpes (1), NA NA

ChAdOx1 vaccine (1), unknown (1)

History of traveling 5.7 (2/35) 71.4 (25/35) 22.9 (8/35)

Presence of tumor 5.7 (2/35) 88.6 (31/35) 5.7 (2/35)

Detail Ovarian teratoma (1), ovarian borderline tumor (1) NA NA

Symptoms

Fever 60.0 (21/35) 20.0 (7/35) 20.0 (7/35)

Headache 71.4 (25/35) 8.6 (3/35) 20.0 (7/35)

Seizure 54.3 (19/35) 42.9 (15/35) 2.9 (1/35)

Demyelination

Optic neuritis 42.9 (15/35) 57.1 (20/35) 0.0 (0/35)

Myelitis 25.7 (9/35) 74.3 (26/35) 0.0 (0/35)

CSF study 77.1 (27/35) 0.0 (0/35) 22.9 (8/35)

Pleocytosis, 
  among the presence of CSF study

Presence 96.3 (26/27) NA NA

Absence 3.7 (1/27)

Unavailable 0.0 (0/27) 

WBC count
  among the presence of CSF study

115.38±124.91 NA NA

Lympho-dominant pleocytosis Presence 53.8 (14/26) NA NA

Absence 11.5 (3/26)

Unavailable 34.6 (9/26)

Elevated protein Presence 66.7 (18/27) NA NA

Absence 25.9 (7/27)

Unavailable 7.4 (2/27)

Protein level (available only) 73.24±35.57 NA NA

Decreased glucose Presence 14.8 (4/27) NA NA

Absence 25.9 (7/27)

Unavailable 59.3 (16/27)

Glucose level (available only) 51.85±7.86 NA NA

Oligoclonal band 14.3 (5/35) 54.3 (19/35) 31.4 (11/35)

MRI 100.0 (35/35) 0.0 (0/35) 0.0 (0/35)

Cortical/subcortical 85.7 (30/35) 14.3 (5/35) 0.0 (0/35)

Frontal 45.7 (16/35) 54.3 (19/35) 0.0 (0/35)

Insular 17.1 (6/35) 82.9 (29/35) 0.0 (0/35)

Cingulate 8.6 (3/35) 91.4 (32/35) 0.0 (0/35)

Parietal 40.0 (14/35) 60.0 (21/35) 0.0 (0/35)

Temporal 42.9 (15/35) 57.1 (20/35) 0.0 (0/35)

Occipital 17.1 (6/35) 82.9 (29/35) 0.0 (0/35)
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findings of whole-spine MRI were also normal. PCR for the 
TBE virus and reverse transcriptase PCR for the Japanese 
encephalitis virus (JEV) were negative. 

Agraphia developed in this patient despite receiving IVIg 
treatment. Under the assumption of MOGAD, we considered 
IV steroids because of concern about rapid deterioration. 
However, steroid administration can mask malignancies such 
as lymphoma, which could not be easily precluded by only 
one cytology assessment with a small sample volume. Ritux-
imab and subsequently tocilizumab were therefore adminis-
tered considering the delayed onset of response to rituximab. 
In the follow-up CSF analysis with an abundant sample vol-
ume of the cytology, pleocytosis and protein elevation im-
proved but persisted (WBC=40/μL, 95% lymphocytes, pro-
teins=89 mg/dL), and the cytology was negative for malignant 
cells. Her fever, headache, and agraphia improved after ritux-
imab and tocilizumab therapy. Furthermore, the CN lesion 
and LME were found to have improved in the follow-up brain 
MRI performed 2 weeks after the initial MRI (Supplementary 
Fig. 1C and D in the online-only Data Supplement).

The literature review identified 34 patients with MOGAD 
and LME in 25 articles (The detailed data arrangement pro-
cess is illustrated in the Supplementary Materials in the on-
line-only Data Supplement). With our case added to the se-
lected patient list, we investigated demographics, prevalence 

of clinical and laboratory manifestations, and the anatomical 
distribution of MRI lesions among these patients. 

The sex ratio was 0.94 males per 1 female. The mean age 
was 24.45 years, encompassing both children and adult pa-
tients. Most patients reported fever, headache, and seizure as 
the presenting symptoms. Antecedent or subsequent optic 
neuritis and myelitis were present in 42.9% and 25.7% of pa-
tients, respectively. The CSF profile indicated pleocytosis in 
96.3%, and the WBC was 115.38±124.91/μL (mean±standard 
deviation). Protein levels were elevate in 66.7% (73.24±35.57 
mg/dL). Oligoclonal bands were present in only 14.3%. Corti-
cal/subcortical lesions were most common (85.7%) on brain 
MRI, but infiltration of the basal ganglia was also observed in 
20.0%. Among them, five patients (14.3%), including ours, 
had LME with CN lesions (Table 1).

Multiple differential diagnoses should be considered in cas-
es of LME with a CN lesion. Among infectious meningoen-
cephalitis, TBE virus, West Nile virus, and JEV can be suspect-
ed.2 Finck et al.2 recently suggested that the Borna disease virus 
initially prefers CN invasion. Various autoimmune diseases 
may also present with a CN lesion.3 MRI findings of Rasmus-
sen encephalitis can present with involvement of the unilat-
eral CN head and cortex with or without atrophy, which was 
similar to the condition of our patient. 

While LME may be an important feature of MOGAD, pre-

Table 1. Demographics, clinical manifestations, and radiological findings of MOGAD patients with leptomeningeal enhancement in literature re-
view and our case (n=35) (continued)

Available
Unavailable

Presence Absence 
Midbrain 11.4 (4/35) 88.6 (31/35) 0.0 (0/35)

Pons 17.1 (6/35) 82.9 (29/35) 0.0 (0/35)

Medulla 8.6 (3/35) 91.4 (32/35) 0.0 (0/35)

Cerebellum 14.3 (5/35) 85.7 (30/35) 0.0 (0/35)

Corpus callosum 14.3 (5/35) 85.7 (30/35) 0.0 (0/35)

PVWM 8.6 (3/35) 91.4 (32/35) 0.0 (0/35)

Thalamus 17.1 (6/35) 82.9 (29/35) 0.0 (0/35)

Basal ganglia 20.0 (7/35) 80.0 (28/35) 0.0 (0/35)

Caudate 14.3 (5/35) 85.7 (30/35) 0.0 (0/35)

Globus pallidus 0.0 (0/35) 100.0 (35/35) 0.0 (0/35)

Putamen 11.4 (4/35) 88.6 (31/35) 0.0 (0/35)

Other autoantibodies 31.4 (11/35) 68.6 (24/35) 0.0 (0/35)

  Detail NMDAR (5), GFAP (2), NMDAR+GFAP (1), NA NA

GAD (1), TPO (1), ANA (1)

Initial therapy

Antiviral agents* 31.4 (11/35) 20.0 (2/35) 48.6 (22/35)

Antibiotics* 31.4 (11/35) 20.0 (2/35) 48.6 (22/35)

Data are % (n/n) or mean±SD values.
*Nine patients were treated with both antiviral and antibiotics.
CSF, cerebrospinal fluid; MOGAD, myelin oligodendrocyte glycoprotein antibody-associated disease; MRI, magnetic resonance imaging; NA, not appli-
cable; PVWM, periventricular white matter; WBC, white blood cell.
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vious cohort studies have paid little attention to LME.4-8 A sys-
tematic analysis by Ineichen et al.9 of LME in various neuro-
logical disorders indicated that the prevalence of LME was 
lower in neuromyelitis optica spectrum disorder, and LME 
was associated with some manifestations of multiple sclero-
sis. Still, LME in MOGAD has not been demonstrated accu-
rately, which calls for further research in this area. 

In conclusion, MOGAD should be considered when in 
presentations of LME with CN lesions.

Supplementary Materials
The online-only Data Supplement is available with this arti-
cle at https://doi.org/10.3988/jcn.2022.0307.
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