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Abstract

Background
Myelin oligodendrocyte glycoprotein antibody-associated disease (MOGAD) is a neuroinflammatory
disorder of the central nervous system that can present with a cerebrospinal fluid (CSF) pleocytosis.
Eosinophils in the CSF are uncommonly identified in MOGAD and true eosinophilia of > 10 eosinophils/
µL or > 10% of CSF leukocyte composition has not been previously reported.

Case Presentation:
We describe the case of a 4-year-old male who initially presented with headache and fever followed by a
seizure one week later. Initial evaluations were suggestive of meningoencephalitis due to leptomeningeal
enhancement on magnetic resonance imaging (MRI) and pleocytosis on CSF analysis. He subsequently
developed encephalopathy and right leg weakness two weeks later. Repeat MRI demonstrated lesions in
the basal ganglia and a longitudinally extensive thoracic spinal cord lesion. CSF analysis was significant
for pleocytosis with 18% eosinophils. Comprehensive infectious workup initiated due to concern for a
possible parasitic infection returned negative. He was presumptively treated for a neuroinflammatory
disorder with pulse intravenous corticosteroids and intravenous immunoglobulin and returned to his
neurologic baseline. Subsequent testing revealed positive serum MOG antibodies (titer 1:100),
confirming a diagnosis of MOGAD with an acute disseminated encephalomyelitis (ADEM) core clinical
event type.

Conclusions
This case demonstrates that MOGAD can present as true eosinophilic meningoencephalitis, expanding
the recognized laboratory spectrum of the disorder. Clinicians should consider demyelinating etiologies
like MOGAD in the differential diagnosis of CSF eosinophilia, particularly when infectious and neoplastic
evaluations are negative. Identifying these atypical presentations is critical for the prompt initiation of
appropriate immunotherapy.

Background
Eosinophilic meningoencephalitis, characterized as having > 10 eosinophils/µL or > 10% of cerebrospinal
fluid (CSF) leukocyte composition [1, 2], represents a rare presentation of central nervous system (CNS)
inflammation. CSF eosinophils necessitate careful evaluation of a broad differential diagnosis to
establish appropriate treatment [3]. While parasitic infections and neoplastic etiologies are the most
common triggers, eosinophils can also be present in the CSF during acute attacks of demyelinating
conditions. We present a unique case of a 4-year-old male with who presented with an acute attack of
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MOGAD with 18% CSF eosinophilia, highlighting key diagnostic challenges associated with its broad
differential diagnosis and need for multidisciplinary evaluation.

Case Presentation
A 4-year-old male with a history of expressive speech delay presented to the emergency department with
one week of severe headache and twenty-four hours of nausea and fever (Fig. 1). He had a diarrheal
illness three weeks prior to presentation. Initial bloodwork obtained by his pediatrician was significant
for a serum white blood cell count (WBC) of 22 cells/µL (cell differential not checked) and an erythrocyte
sedimentation rate (ESR) of 15 mm/hr. In the emergency department, computed tomography of the head
was normal. Repeat serum testing demonstrated WBC of 11 cells/µL with differential including 3.1%
eosinophils. A lumbar puncture (LP) was performed showing mild pleocytosis (Table 1) with normal CSF
glucose and protein. He was admitted for observation in the setting of presumed viral meningitis. His
CSF culture remained without growth for twenty-four hours with resolution of fevers and headaches, and
he was discharged home.

He returned to the emergency department two days later (Fig. 1) with concern for seizures followed by
persistent encephalopathy. In the emergency department he had a focal seizure which resolved with
lorazepam and a levetiracetam load. Repeat computed tomography of the head was normal, and a
repeat LP was attempted with only sufficient CSF collected to test a viral meningoencephalitis panel,
which returned negative. An electroencephalogram showed mild background slowing but no epileptiform
discharges or ongoing seizures. Magnetic resonance imaging (MRI) brain with and without contrast
demonstrated multifocal leptomeningeal enhancement with cortical and subcortical edema (Fig. 2A-C).
After observation for thirty-six hours in the hospital, he had no further seizures and returned to his
neurologic baseline. Serum myelin oligodendrocyte (MOG) and aquaporin-4 (AQP4) antibodies were sent
but did not result due to inadequate sample quality.

Sixteen days later (Fig. 1), he returned to the hospital with recurrent headaches, two days of intermittent
back pain, right leg weakness, and unsteady gait. His teachers in school also noted word finding
difficulties. He had no bowel or bladder dysfunction. On examination, he had 4/5 strength in his right leg
and a wide-based gait with hyperreflexia in his bilateral lower extremities (presence of suprapatellar
reflexes, crossed adductors, and 2 beats of ankle clonus bilaterally).

Repeat MRI brain with and without contrast showed new T2/fluid attenuation inversion recovery (FLAIR)
enhancing lesions in the basal ganglia with resolution of prior lesions (Fig. 2D-2F). An MRI of the spine
showed a longitudinally extensive gray matter-predominant thoracic cord lesion and mild enhancement
of the cauda equina nerve roots (Fig. 2G-2I). A repeat CBC demonstrated progressive peripheral
eosinophilia (14%) and a repeat LP showed CSF pleocytosis with elevated eosinophils and histiocytes
(Table 1). His elevated CSF and serum eosinophils raised concern for a possible parasitic infection. He
had no significant exposure or travel history, and after an infectious disease consult, workup was
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expanded to include stool ova and parasites, Coccidioides immitis IgM/IgG, and Toxacara and
Toxoplasma gondii IgG/IgM which all returned negative.

CSF autoimmune encephalopathy panel (Mayo Clinic Laboratories) and oligoclonal bands were negative.
CSF cytokines showed elevated interleukin-6 (639, normal < 63 pg/mL) and interleukin-8 (229, normal < 
181 pg/mL). He was treated empirically for presumed neuroinflammatory encephalomyelitis with
intravenous (IV) immunoglobulin 2g/kg. Once infectious studies returned negative, he received a five-day
course of pulse IV methylprednisolone and subsequently returned to his neurologic baseline by his initial
clinic follow-up visit twenty days later. Serum aquaporin-4 IgG returned negative, and serum MOG-IgG
returned positive with a titer of 1:100, consistent with a diagnosis of MOGAD with acute disseminated
encephalomyelitis (ADEM) core clinical event type.

Table 1
Laboratory Findings

  Admission #1 Admission #2 Admission #3

CSF

Total WBC Count (cells/mm3) 35 N/A 28

%Lymphocyte 67 N/A 37

%Neutrophils 8 N/A 0

%Eosinophils 6 N/A 18

%Monocyte 19 N/A 14

%Histiocytes 0 N/A 15

SERUM

Total WBC Count (cells/mm3) 11 10.2 11.8

%Lymphocyte 40 42 39

%Neutrophils 47.2 43 39

%Eosinophils 3.1 5.5 14

%Monocyte 8.5 7.4 5

Table 1. Summary of cerebrospinal fluid (CSF) and serum white blood cell (WBC) count with differential
from all hospital admissions. Admission 2 CSF cell counts were not analyzed due to insufficient quantity
other than negative meningitis/encephalitis polymerase chain reaction panel.

Magnetic resonance imaging (MRI) demonstrating dynamic central nervous system lesions across the
patient’s clinical course. During the second admission (1 week from initial presentation), axial T2-
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weighted post-contrast brain MRI revealed leptomeningeal enhancement (arrows, A, B) and cortical and
subcortical T2/fluid attenuated inversion recovery (FLAIR) hyperintensities (arrows, A, C). During the
third admission (4 weeks from initial presentation), axial T2-weighted post-contrast brain MRI showed
new lesions in the basal ganglia (arrows, D), one of which demonstrated linear enhancement (arrow, E),
with interval resolution of the previously identified cortical and subcortical T2 hyperintensities (F). Spinal
MRI demonstrated a longitudinally extensive thoracic gray matter lesion (arrows) on sagittal (G) and
axial (H) T2-weighted sequences, along with mild cauda equina enhancement on axial T1-weighted post-
contrast imaging (arrow, I).

Discussion
This is a unique case of pediatric MOGAD presenting as ADEM with initial fluctuating course associated
with CSF eosinophilia. The laboratory findings in this case expand the recognized spectrum of laboratory
abnormalities associated with MOGAD. The marked peripheral and CSF eosinophilia initially shifted
diagnostic suspicion towards infectious etiologies and thus presented a diagnostic and therapeutic
challenge. Recognizing that MOGAD can present with eosinophilic meningoencephalitis is crucial to
initiating appropriate and timely immunotherapy.

Within the literature, CSF eosinophil positivity is infrequently identified in MOGAD and is typically found in
lower percentages of total CSF WBC if present. In a cohort of 36 pediatric MOGAD patients, 12 (33%) had
CSF eosinophils present, and 11/12 (92%) had a CSF eosinophil percentage of 4% or less [4]. Our patient
expands on these prior reports by demonstrating that demyelinating disorders can rarely present with
true eosinophilic meningoencephalitis, defined as > 10 eosinophils/µL or > 10% of CSF leukocyte
composition [1, 2].

This laboratory finding creates significant diagnostic overlap with alternative pathologies, most
commonly with parasitic infections with central nervous system (CNS) involvement and a smaller
proportion attributed to neoplastic, other demyelinating, and iatrogenic etiologies [3, 5]. There is a
preponderance of eosinophilic meningoencephalitis in helminthic parasitic infections as well as a large
spectrum of non-parasitic infections [3, 6–8]. Because many infectious causes of eosinophilic
meningoencephalitis are endemic to specific geographic regions, obtaining a detailed travel,
environmental, and exposure history is essential to identify epidemiologic clues that may guide
diagnostic evaluation. The patient described here had no identifiable environmental or epidemiologic risk
factors to suggest an infectious etiology, and thorough parasitic screening tailored to his geographic
region guided by infections disease consult was negative.

A variety of malignancies are also associated with eosinophilic meningoencephalitis, regardless of the
primary cell lineage involved. This is documented in Hodgkin lymphoma [9, 10], CNS neoplasms [11], and
myeloproliferative disorders [12]. Specifically in pediatric patients, acute lymphoblastic leukemia is
associated with eosinophilic infiltration into the CSF and theorized to be a result of a cytokine-mediated
inflammatory response [13]. Drugs and medical devices can also be associated with eosinophilic
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meningitis due to an immune-mediated hypersensitivity reaction. Ibuprofen is the most frequent cause
of drug-induced eosinophilic meningitis, although this may be more likely to occur in individuals with
underlying autoimmune disorders [5, 14, 15]. Implantation of intracranial devices, such as
ventriculostomy catheters, have also been followed by eosinophilic meningitis, either due to
hypersensitivity to antibiotics impregnated in the device or the device material itself [3, 5, 16, 17].

Overall, the time course of this case argued against these alternative etiologies. Having complete
resolution of symptoms and return to neurologic baseline in between admissions is inconsistent with the
typically progressive nature of an untreated parasitic infection or malignancy. In contrast, MOGAD
attacks have been shown to fluctuate during an acute event; this is acknowledged in diagnostic
guidelines that MOGAD symptoms can be considered one index event if they occur within 30 days of
initial symptoms [18].

Aligned with this case, CSF eosinophil positivity in demyelinating and other neuroinflammatory disorders
is becoming increasingly recognized. This has been identified in small percentages of patients with
aquaporin-4 antibody positive neuromyelitis optic spectrum disorder (NMOSD) and MOGAD, and much
more rarely in multiple sclerosis (MS) [19–22]. Among these disorders, CNS eosinophils are most
frequently observed in NMOSD, with their presence reported in 10% of a large adult cohort [19].
Compared to NMOSD, the role of eosinophils in MOGAD demyelinating pathology is less well
understood. In MOGAD, CSF eosinophils have been reported in case reports[23, 24] and identified in 2.6–
33% of MOGAD cohorts [4, 20, 21]. The presence of eosinophils has also been identified in autopsy
analysis of cortical MOGAD lesions, although eosinophilic-rich infiltrates are more of an established
pathological feature in NMOSD [25]. Further study of eosinophil presence in both disorders may help
advance understanding of the pathogenic role eosinophils play in CNS demyelination and could reveal
future potential therapeutic targets.

CSF composition during an acute MOGAD attack is generally variable, ranging from normal findings to a
pleocytosis (> 5 white blood cells (WBC)/mm3), typically with a lymphocytic or monocytic predominance
[20, 21]. About half of MOGAD patients present with a CSF pleocytosis of < 50 WBC/mm3, however

pleocytosis has been shown to exceed 100 WBC/mm3 in 6–10% of cohorts [20, 21, 26–28]. As the CSF
composition of MOGAD patients is further studied in larger cohorts, the role of eosinophils as a CSF
marker may provide further prognostic information regarding disease severity, relapse risk, and
neurologic sequelae given their roles in mediating cell death and secondary effects on collateral CNS
damage [29]. Additionally, our patient had histiocytes identified in the CSF later in the clinical course.
Histiocytes, or tissue-resident macrophages, arise from monocytes and can represent nonspecific
inflammation due to a variety of etiologies when reported within CSF analysis [30]. Histiocytes are not
normally reported in CSF analysis of MOGAD patients but may have served as a proxy of active
inflammation from demyelination in our case.

In conclusion, we present a unique case of ADEM due to MOGAD with an associated eosinophilic
meningoencephalitis, which expands the growing clinical spectrum of MOGAD clinical and laboratory
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phenotypes. If an eosinophilic meningoencephalitis is identified during initial diagnostic evaluation,
careful consideration of demyelinating, infectious, neoplastic, and iatrogenic etiologies is required to
inform prompt initiation of therapies.

Abbreviations
• ADEM
Acute disseminated encephalomyelitis
• AQP4
Aquaporin-4
• CBC
Complete blood count
• CNS
Central nervous system
• CSF
Cerebrospinal fluid
• FLAIR
Fluid attenuation inversion recovery
• IVIg
Intravenous immunoglobulin
• LP
Lumbar puncture
• MOGAD
Myelin oligodendrocyte glycoprotein antibody-associated disease
• MRI
Magnetic resonance imaging
• MS
Multiple sclerosis
• NMOSD
Neuromyelitis optica spectrum disorder
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Graphical depiction of timeline of clinical symptoms, admission courses, and treatment. Dashed lines
represent preceding symptoms, grey boxes represent hospital admissions, black boxes represent
immunotherapy, and star represents diagnostic results.

Figure 2

MRI findings in the brain and spine
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