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The Editorial on the Research Topic

Antibody-Mediated Autoimmune Diseases of the CNS: Challenges and Approaches to

Diagnosis and Management

Antibody-mediated central nervous system (CNS) autoimmune diseases are an important
part of neuroimmunology research, and mainly affect young people, are notoriously complex,
and have a high risk of disability. With recent advancements in detection technology, many
autoantibodies targeting neurons or glia have been identified, providing the possibility for precise
etiological diagnoses. As a result, the spectrum of antibody-mediated CNS diseases, ranging from
CNS demyelination to autoimmune encephalitis is expanding. This brings with it a series of
interesting research topics to investigate the immunopathogenesis of these diseases. As different
CNS autoantibodies have distinct pathophysiologic mechanisms, patients may present a variety of
manifestations, posing a challenge to diagnosis, and management. Therefore, accurate detection,
objective evaluation, and identification of CNS autoantibodies is key to proper diagnosis and the
development of effective treatments. To provide a platform for sharing the latest clinical progress
and research findings in the field of antibody-mediated CNS autoimmune diseases, we organized
this special issue, in which 39manuscripts have been accepted for publication, including 21 original
research articles, 2 brief research reports, 3 reviews, 2 mini reviews, 1 meta-analysis and systematic
review, and 10 case reports. These studies have greatly expanded our current understanding of
antibody-mediated autoimmune diseases of the CNS.

Neuromyelitis optica spectrum disorder (NMOSD) is a key representative of antibody-
mediated CNS demyelinating diseases and preferentially affects the optic nerves and spinal cord.
Serum aquaporin 4 (AQP4) antibodies can be detected in most patients with NMOSD (1).
Common manifestations include relapsing episodes of transverse myelitis and optic neuritis,
which leads to severe disabilities such as paralysis and blindness. High-dose corticosteroids
are the first-line therapy for acute attacks in NMOSD (2). However, a proportion of patients
respond poorly to this form of intervention. Qin et al. discovered that previous use of immune-
suppressants, higher levels of cerebrospinal fluid (CSF) proteins, and active lesions in the
brainstem were all predictors of corticosteroid resistance. For these patients, it is very important
to initiate other effective treatment as early as possible. Oral corticosteroid maintenance is
usually required to prevent relapse after intervention during the acute period. A study by
Akaishi et al. focused on the impact of oral corticosteroid therapy in NMOSD patients with
symptoms including depression and chronic fatigue. Their results suggested that the use of
long-term low- to medium-dose oral prednisolone did not aggravate the psychiatric and fatigue

7
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conditions. Instead, early initiation of oral prednisolone might
alleviate the subsequent depressive and fatigue conditions due
to this disease. Since there are currently limited treatment
protocols for NMOSD, researchers tested other therapeutic
interventions to improve prognosis. Wang, Liu, Tan, et al.
retrospectively explored remedial treatments in corticosteroid-
refractory NMOSD patients during the acute phase of optic
neuritis (ON). The authors concluded that cyclophosphamide
might be safe and effective within 30 days of attack onset, which
is good news to NMOSD-ON patients resistant to corticosteroid
therapy. In addition, Du et al. conducted the first retrospective
study to investigate the effects of tocilizumab, a monoclonal
antibody that inhibits interleukin-6 signaling, during both acute
attacks and the maintenance phase of NMOSD patients with
moderate-to-severe myelitis. They found that early initiation
of tocilizumab provided a safe and effective add-on therapy
during attacks and can be followed by regular infusions. This
strategy may provide new insights into treatment options for
NMOSD. In Xue et al.’s meta-analysis of randomized controlled
trials, monoclonal antibody therapies including tocilizumab,
satralizumab, rituximab, inebilizumab, and eculizumab were
analyzed, and were found effective and safe, further supporting
the possible use of these antibody therapies in NMOSD.

Over the past few years, antibodies directed against myelin
oligodendrocyte glycoprotein (MOG) have been detected
in CNS demyelinating disorders. MOG antibody-associated
disease (MOGAD), which was recently recognized as a
distinct nosological entity, covers a wide spectrum of clinical
manifestations and radiological patterns (3). Zheng et al.
reported a case with recurrent episodes of short-segment myelitis
typical of multiple sclerosis (MS), but was later diagnosed
as MOGAD. This case highlights the potential overlap of
clinical presentations in MOGAD and MS, and MOG antibody
testing in all patients with recurrent short-segment myelitis,
conus medullaris involvement, and those who demonstrated
corticosteroid dependence is recommended. Wang, Liu, Lin, et
al. presented 2 new cases of the rare phenotype of MOGAD,
named fluid attenuated inversion recovery-hyperintense lesions
in anti-MOG antibody-associated cerebral cortical encephalitis
with seizures and conducted a review of previously described
cases to further characterize this distinct clinico-radiographic
syndrome. Fujimori et al. reviewed another rare bilateral medial
frontal cortical encephalitis with anti-MOG antibodies, with
characteristic clinical symptoms, such as paraparesis, lethargy,
and memory decline, and radiological findings, such as lesion
formations in the anterior cerebral artery territory. These
articles expand our recognition and understanding of these
rare phenotypes of MOGAD. Moreover, Gao et al. evaluated
structural and functional alterations in the visual pathway after
ON attack in MOGAD, and compared those with NMOSD-ON.
This prospective study provided evidence that differed from the
imaging manifestations of AQP4-ON. The structural integrity
of optic radiation in MOG-ON might be a reason for the better
visual outcomes in these patients.

Accurate detection of MOG and AQP4 antibodies is crucial
for the diagnosis ofMOGAD andNMOSD. Live cell-based assays
(CBA) performed via indirect immunofluorescence microscopy

(IF) or flow cytometry (FC) are currently considered the “gold
standard” (4–6). Marchionatti et al. compared the performance
of CBA-IF and CBA-FC analysis in the detection of MOG
antibodies. Both techniques can be used in clinical practice, each
with different advantages and limitations. The combination of
both CBA-IF and CBA-FC could improve detection accuracy. In
addition, Bollo et al. reported that semiquantitative ratiometric
methods could accurately detect even slight variation of MOG
and AQP4 antibody titers during the disease course.

Autoimmune encephalitis (AE) is a group of non-infectious,
immune-mediated brain parenchymal inflammatory diseases.
These diseases are characterized by a wide spectrum of clinical
manifestations associated with different neural antibodies,
including seizures, loss of memory, psychosis, changes in
behavior, and impaired consciousness. In the past 10 years,
research into AE, especially neuronal surface antibody-mediated
AE, has made a significant progress. However, multi-center
studies with larger sample sizes are still lacking. Shan et al.
reviewed information collected from 778 patients with neuronal
surface antibody-mediated AE from across 22 centers in China.
The retrospective study provided a detailed description of
demographic and clinical characteristics, immunotherapy
regimens, and long-term outcomes of multiple subtypes
of AE. Qiao et al. performed a retrospective analysis of
the epidemiological characteristics, clinical manifestations,
treatments, outcomes, and prognostic factors of 185 AE patients
with neuronal surface antibodies from 5 clinical centers in
the east of China. Separately, Swayne et al. presented the
findings from Australia analyzing AE cases, in which clinical
data, therapeutic approach, treatment response, and outcome
measures across a range of AE subsets were assessed and
compared. Hayden et al. conducted a retrospective study within
a multi-center cohort of Hungarian patients to characterize the
clinical features and outcomes of neuronal surface antibody-
mediated AE. Moreover, Sun et al. (a) demonstrated that
age, viral prodrome, consciousness impairment, memory
dysfunction, and autonomic dysfunction were significant
predictors for poor prognosis of AE at discharge based on a
multi-center retrospective study of 173 patients from 4 hospitals
in China. Additionally, they developed and validated a reliable
nomogram for predicting prognosis, which might help provide
an early and accurate prediction of prognosis in patients with AE.
A prospective observational study by Seifert-Held et al. focused
on functional recovery in AE, demonstrating the different
clinical dynamics of AE. All of these studies help to improve
our understanding of AE and its subtypes and enhance clinical
diagnosis and management.

Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis
is the most common type of AE (7). Liu et al. analyzed the
results from urinalysis and renal function between 82 patients
with anti-NMDAR encephalitis and 166 age- and sex-matched
healthy controls for the first time. The study showed that urine
pH levels were higher in anti-NMDAR encephalitis patients
while urine specific gravity levels were lower in these patients
when compared with healthy controls. These findings indicated
that the pathophysiological changes related to anti-NMDAR
encephalitis are not limited to the CNS. Another study by Sun
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et al. (b) evaluated the association between age and prognosis
in anti-NMDAR encephalitis patients under the age of 45. They
concluded that increasing age was associated with a poorer
prognosis in female patients. In a study focusing on pediatric
anti-NMDAR encephalitis, Dou et al. retrospectively recruited
8 Chinese children with refractory anti-NMDAR encephalitis
and treated with rituximab as a second-line immunotherapy.
The study revealed that rituximab could improve the clinical
outcomes, suggesting it is a potential treatment option for
these patients.

Anti-leucine-rich glioma-inactivated 1 (LGI1) encephalitis
is the second most common form of AE. The disease is
also the most common autoimmune limbic encephalitis, with
faciobrachial dystonic seizure (FBDS) as one of the most specific
symptoms and abnormal signals often seen on neuroimaging (7).
Shao et al. while correlating brain magnetic resonance imaging
(MRI) features to clinical relevance found the basal ganglia
was an important structure affected by anti-LGI1 encephalitis
in addition to medial temporal lobe, having implications in
FBDS. The study suggested that MRI was not only helpful for
diagnosis, but also a useful tool to quantify disease severity.
Another imaging study by Zhao et al. explored the glucose
metabolic patterns of this disorder based on positron emission
tomography voxel analysis. They found that hippocampal
and basal ganglia hypermetabolism co-existed with neocortical
hypometabolism and was a common metabolic abnormality in
anti-LGI1 encephalitis. Furthermore, the extent of the metabolic
gradient between the hippocampus and neocortical regions was
positively correlated with neurological disability and that basal
ganglia hypermetabolism might contribute to the development
of FBDS.

Additionally, Qin et al. retrospectively examined 25 patients
with confirmed anti-contactin-associated protein-2 (CASPR2)
antibody-associated AE from 5 medical centers in China to
identify clinical and paraclinical characteristics. Zhang et al.
reviewed and summarized the clinical presentations, diagnostic
results, and treatments of anti-alpha-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid receptor encephalitis. Ren,
Ren, et al. reported the first case series of AE associated with
anti-glutamic acid decarboxylase antibodies in Chinese children.
Although these antibody-mediated AE are relatively rare, they
should still be recognized in a clinical setting.

Coexistence with autoimmune syndromes and/or multiple
autoantibodies has been observed in AE patients. Li et al.
reported a patient with a 15-year history of primary Sjögren’s
syndrome presenting with progressive cognitive dysfunction
attributable to anti-NMDAR encephalitis, emphasizing the need
for AE awareness in this condition. Huang et al. described a
patient diagnosed with relapsing remitting MS who developed
anti-NMDAR encephalitis. Separately, Zhou et al. presented
a case of a young female who was initially diagnosed with
anti-NMDAR encephalitis, but was later re-diagnosed as MS
during a second relapse. These observations suggested that there
might be a possible link between anti-NMDAR encephalitis
and MS. Ren, Guo, et al. reported a patient diagnosed with
anti-NMDAR encephalitis combined with MOGAD. This case
implied that comprehensive autoantibody analysis should be

conducted on patients with CNS demyelination relapse. In
addition, Otiniano-Sifuentes et al. described a patient with anti-
LGI1 encephalitis with concurrent anti-thyroid antibodies, which
can also be detected in other types of AE.

Immune checkpoint inhibitor (ICI) therapy is an emerging
antineoplastic treatment approach that has shown powerful
effects and broad application prospects for the treatment of
malignant tumors. With the introduction and promotion of ICI
cancer immunotherapy in the clinic, there has been an increase in
autoimmune neurological events in patients with malignancies
not traditionally associated with paraneoplastic neurological
syndromes. Valencia-Sanchez et al. reviewed the pathogenic
mechanisms, clinical presentation, diagnostic approach, and
therapeutic management of these complications. Clinicians must
be aware of the diverse spectrum of neurological toxicities
associated with ICI therapy, for instance, AE and CNS
demyelination. Early recognition and treatment is critical to
avoid worsening outcomes.

Finally, the comprehensive review of antibody-mediated
autoimmune diseases of the CNS by Sechi et al. summarized the
main clinical syndromes and MRI characteristics associated with
neural antibodies, and discussed the challenges to diagnosis and
management. They concluded that these disorders have variable
clinical-imaging characteristics based on the specific underlying
neural autoantibody. One or more neural antibodies detected in
the serum or CSF of patients with a compatible clinical phenotype
can confirm the diagnosis, but the possibility of false positives
and false negatives should be considered. Current treatment
strategies for antibody-mediated CNS disorders are often broad
immunotherapy. Future studies with an emphasis on targeted
treatments are still needed.

In summary, this collection of articles provides novel
scientific evidence that advance our understanding of clinical
presentation, neuroimaging, antibody analysis, and disease
mechanisms of antibody-mediated autoimmune CNS diseases.
Moreover, these papers highlight enormous recent progress of
diagnostic approaches and therapeutic regimens, as well as the
remaining challenges.
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Progressive Encephalomyelitis With
Rigidity and Myoclonus With
Thymoma: A Case Report and
Literature Review
Yana Su †, Li Cui †, Mingqin Zhu, Yixuan Liang and Ying Zhang*

Department of Neurology and Neuroscience Center, The First Hospital of Jilin University, Changchun, China

Progressive encephalomyelitis with rigidity and myoclonus (PERM) is part of the variant

type of the Stiff Person Syndrome (SPS) and is a rare neurological disease. We report

here a patient with PERM who had thymoma and was positive for anti-glutamic acid

decarboxylase (anti-GAD) antibodies. Her symptoms improved after treatment with

hormones and gamma globulin. We also summarized the literature review of patients

with PERM accompanied by tumors reported.

Keywords: progressive encephalomyelitis with rigidity and myoclonus, thymoma, anti-glycine receptor antibody,

anti-glutamic acid decarboxylase antibodies, tumors

INTRODUCTION

Stiff person syndrome is a rare neurological disease, mainly manifested by axial and limb muscle
stiffness, and muscle painful spasms especially after tactile noise, and emotional stress stimulation.
Moersch and Wohman (1) first reported in 1956 under the name “Still-man Syndrome.”
Progressive encephalomyelitis with rigidity and myoclonus is a variant of stiff person syndrome. Its
main clinical symptoms are in addition to the typical SPS symptoms, as well as sensory, brainstem
symptoms (ataxia, vertigo), spinal cord symptoms, and autonomic symptoms, most patients have
anti-glutamic acid decarboxylase (anti-GAD) antibodies, some patients found anti-glycine (GlyR)
antibodies. In addition, PERM can be accompanied by tumors, such as thymoma (2–5), Hodgkin’s
lymphoma (6–8), small cell lung cancer (9, 10), breast cancer (11), etc. Here we report a case of
GAD antibody- positive PERM associated with thymoma.

CASE PRESENTATION

A 60-year-old female patient was admitted to the hospital onMay 21, 2019 due to “unstable walking
and stiff legs for more than 10 days.” The patient had instability during walking more than 10
days before admission. Stiff bilateral lower limbs appeared at the time of walking, showing muscle
tension in the lower limbs, affecting walking, and falling in severe cases, which gradually eased after
about 1min, and fell 5 times during the course of the disease. Accompanied by itching of the right
lower extremity, mainly hip. The above symptoms aggravate after tension, emotional excitement,
and touch. The patient denied trauma, infection, poisoning, drugs, psychiatric disease, and family
genetic history.

On admission, she was alert and well-oriented. Admission examination of the nervous system:
small horizontal nystagmus in both eyes; increased muscle tension in both lower extremities;
marked rigidity of her lower limbs were also noticedactive tendon reflexes; hyperreflexia was
observed in the extremities, and ankle cramps in both legs. There were no sensory disturbances.
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Laboratory tests: blood routine, urine routine, liver and
kidney function, blood lipids, ions, surgical comprehensive,
and tumor markers were normal. Thyroid function: T3, T4
normal, TSH: 6.67 uIU/ml, antithyroid peroxidase antibody:
96.51 uIU/mL (<35), antithyroglobulin antibody: 272.5 uIU/mL
(<115); IG antibody 18 U/L (0–12); anti-SSA-60+, granular type
1: 100, anti-SSA-52/Ro52 +, anti-mitochondrial M2 antibody
+, high-sensitivity C-reactive protein 6.03 (0–3.5 mg/L).
Cerebrospinal fluid analysis showed no abnormality. The serum
anti-GAD antibody IgG was positive and anti-GAD antibody in
cerebrospinal fluid was not detected. Anti-islet cell antibody also
was positive. Antibodies to Amhiphysin, Yo, Hu, Ri, CV2, Ma2,
PCA-2, NMDA receptors, and VGKC were negative in serum.
Myasthenia gravis antibodies also were negative. Unfortunately,
We were not able to measure anti-glycine antibody titers in our
patient due to limited conditions. Neostigmine test: negative.

Head MRI only showed right lacunar infarction. Spinal cord
MRI was normal. Electromyographic examination: continuous
motor unit activity (CMUA) was seen (Figure 1A). After the
injection of 10mg of diazepam, the CMUA gradually weakened
and disappeared (Figure 1B). CT of the thorax revealed an
anterior superior mediastinal mass, suggestive of a thymoma.

After admission, pregabalin (75mg, 2/day) and baclofen
(10mg, 3/day) were given orally, but the symptoms did not
improve. And the patient started difficulty water, dysphagia 10
days after admission. So much that a feeding tube was inserted
15 days after admission, binocular dyskinesia suddenly appeared,
and eyes paralyzed to the right. Muscle stiffness and myoclonus
in both lower extremities gradually increased, and itching in
the right lower extremity was unbearable. To some extent, the
patient also presented emotional irritability and anxiety. On
examination, she was anxious with no evidence of cognitive
deterioration. According to the medical history and auxiliary
examination results, she was diagnosed with PERM supported
by the clinical diagnosis criteria for SPS proposed by Dalakas
et al. (12).

After taking the diagnosis of PERM into consideration, the
patient was treated with intravenousmethylprednisolone therapy
(80 mg/day for 15 days) followed by maintenance therapy
with oral methylprednisolone (60 mg/day). She also received
intravenous immune globulin (20g/day) for 3 days. Clonazepam
taken orally before bedtime. The patient’s eye muscle paralysis

FIGURE 1 | (A) Electromyographic examination: continuous motor unit activity (CMUA)was seen. (B) After the injection of 10mg of diazepam, the CMUA gradually

weakened and disappeared.

disappeared after a few days, there was obvious relief of stiffness
of lower limbs, paroxysmal myoclonus, difficulty swallowing,
and itching and pain symptoms. Discharged neurological
examination (2019-06-26): small horizontal nystagmus in both
eyes, gastric tube removal, mild stiffness, and cramps in the lower
limbs. Hyperreflexia was still observed in the extremities, and
ankle cramps in right leg. The patient’s thymoma had surgery
indications. In view of the obvious improvement of symptoms
and economic reasons, the patient and her family decided to
postpone the operation.

After discharge, the methylprednisolone was gradually
reduced orally, and clonazepam 1mg was orally maintained
before going to bed. On 2020-1-7 telephone follow-up, the patient
experienced another episode of dysphagia and had to keep the
gastric tube in the past 20 days. Later, the symptoms gradually
improved with the increase of clonazepam dose. Recently, on
2020-7-15 telephone follow-up the patient had difficulty in
swallowing again, and her lower limbs were so stiff that she
dared not walk independently. As far as the patient’s current
situation is concerned, we recommend again that the removal of
the thymoma and immunotherapy if possible.

DISCUSSION

In 1976, Whiteley et al. (13) first reported two cases of
encephalomyelitis associated with stiff-man syndrome (SPS) and
subacute myoclonic spinal neuronitis, which had been classified
as stiff-man superposition syndrome, and later confirmed to
be progressive encephalomyelitis with rigidity and myoclonus
(PERM). With people’s understanding of the disease, PERM
is found to be a severely life-threatening autoimmune disease
characterized by rigidity, muscle pain and spasm, deep and
shallow sensory disturbances and symptoms of the brainstem
spinal cord, autonomic function, dyspnea, and stimulus-induced
myoclonus. The patient here we reported had stiff muscles of the
lower extremities, with paroxysmal myoclonus, itching, and pain;
the course of the disease gradually develops, difficulty swallowing
so severe that need nasal feeding, and paralysis of both eyes to
the right; emotional changes and touch stimulation can induce or
exacerbate the above symptom. Electromyographic examination:
continuous motor unit activity can be seen, found in rectus
abdominis, thoracolumbar paravertebral muscle, and proximal
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TABLE 1 | Eleven reported cases of PERM associated with tumors; demographics, clinical features, investigation results, management, and outcome.
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Spitz et al.
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DEMOGRAPHIC

Age at

onset

52 49 72 75 60 21 60 18 73 39 66 46

Sex Female Male Female Female Female Male Male Male Male Male female Male

CLINICAL FEATURES

Initial

symptoms

Awkwardness

in her left leg

Pain in his right

leg

Dysarthria

and chewing

difficulties

with

masticatory

fatigue

Progressive

difficulty in

walking and

rigidity of the

lower

extremities

Stable

walking, stiff

legs

Generalized

pruritus,

paroxysmal

fear, and

disturbance

of sleep

Low back pain

and progressive

rigidity of the

trunk and lower

limbs

Progressive

difficulty

walking and

several falls

Muscular

spasms on

the left lower

limb

A locked left

jaw and leg

myoclonus

Inability to

look to the

left and gait

instability

Diplopia,

dysphagia,

and gait ataxia

Myoclonus + + + + + + + + + + + +

Stiffness + + + + + + + + + – – +

Spasm + + + + – + + + + + + +

Brain stem

sign

– Speech and

swallowing

difficulties

intermittent

diplopia

Abnormalities

in ocular

movements,

dysarthria,

and

dysphagia

Dysarthria,

dysphagia

Difficulty

water,

dysphagia

Bilateral

ptosis and

mydriasis,

hypometric

saccades

Dysphonia

Dysphagia

Dysphagia Dysphagia Difficulty

swallowing

food and

could only

open his

mouth

Dysarthria

A bilateral

horizontal

gaze palsy,

hypoesthesia

Diplopia,

dysphagia

Nueropsychi

atric

symptom

+ – – – – + – + _ _ _ _

Dysautonomia – Dry mouth,

constipation

urinary retention,

and excessive

sweating

- Urinary

retention,

constipation,

hyperhidrosis,

hypersalivation,

and sinus

tachycardia

– Tachyarrhythmia,

hyperthermia,

hyperhidrosis,

hypersalivation,

and paralytic

ileus

Hyperhydrosis,

constipation,

and urinary

retention

Urinary

retention

– – – –

MRI Normal Normal Normal Normal Normal Normal Normal Normal Normal Normal Normal

ANTIBODIES

GAD

(serum/CSF)

+/+ −/− +/+ +/+ +/na −/na −/− −/na +/na −/na −/na −/na

GlyR

(serum/CSF)

na/na +/na +/+ +/+ na/na +/na +/+ na/na na/na +/na +/na na/na

AchR – na + – – – na - na - na na

Amphiphysin – – – – – – na - na – – na

Other Abs – – Anti-thyroid

peroxidase

and anti-

thyroglobulin

antibodies

TPO Abs – – - Antimicrosomal

and

antithyroglobul-

in

antibodies

– – - –

Tumor type Thymoma Thymoma Thymoma Thymoma Thymoma Hodgkin’s

lymphoma

Hodgkin’s

lymphoma

Hodgkin’s

lymphoma

Lung cancer Lung cancer Breast

cancer

Renal cell

carcinoma

(Continued)
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. lower limb. After the injection of 10mg diazepam, the CMUA

gradually weakened and disappeared. These clinical symptoms
and positive results for anti-GAD antibodies were consistent
with PERM. Though there is still no clear diagnostic criteria
for PERM. The patient was also accompanied by thymoma. The
patient’s symptoms improved after treatment with hormones,
immunoglobulins, clonazepam, etc. Unfortunately, the patient
did not perform thymectomy due to economic reasons and
improved symptoms, and the patient experienced relapse of
dysphagia, which may be related to the persistent cause of
thymoma not removed.

Several neurologic disorders with similar clinical
presentations should be considered, including neuromyotonia
(NMT), tetanus, and psychogenic dyskinesia. Neuromyotonia
is a clinical syndrome characterized by muscle peristalsis,
fasciculation, muscle spasm, rigidity, and hyperhidrosis caused
by a variety of reasons. Its muscle rigidity is characterized by
no relief during sleep, The limbs are more common and rarely
involve rectus abdominis. Typical EMG: continuous motor unit
activity, slowed movement and sensory conduction, and no
response to diazepam, all of which are obviously different from
PERM. Tetanus usually has a history of trauma, with masseter
muscle spasm as the first symptom. The typical symptom is
opisthotonus, and strong muscle spasm caused by external
stimuli, ranging from a few seconds to a few minutes each time.
It can be distinguished from PERM by the history of trauma,
typical symptoms, and the ineffectiveness of tranquilizers, stiff
muscles during sleep, and the EMG CMUA can’t be completely
suppressed by tranquilizers. Psychogenic dyskinesia is mainly
manifested as attacks began and ended abrutly, complex and
variable manifestations, there are distraction of attention and
entrainment effects and co-activation of the affected limb. There
are many psychological factors, suggesting or placebo treatment
may be effective. Anti-GAD antibodies and EMG are helpful
for identification.

The cause of PERM is not clear and may be related to
immunity. In recent years, it has been reported that it may
be related to anti-glycine receptor (GlyR) antibody. Glycine
receptor is a pentameric ligand-gated chloride channel. In
the adult nervous system, they are mainly found in the spinal
cord and brain stem, which mediate rapid inhibition (14).
Antibodies targeted at Glycine receptor may lead to a persistent
startle response. Gamma-aminobutyric acid (GABA) is an
inhibitory neurotransmitter. Glutamate decarboxylase(GAD)
can catalyze the conversion of the excitatory neurotransmitter
glutamic acid to GABA. Antibodies against GAD may affect
functioning of GABA-ergic neurons (15). All of antibodies
target proteins of GABAergic and glycinergic inhibitory
synapses, except for dipeptidyl-peptidase-like protein-6 (DPPX)-
antibodies (16). DPPX antibodies are a regulatory subunit
of the Kv4.2 potassium channels on the surface of neurons,
which are involved in somatodendritic signal integration and
attenuation of back-propagation of action potentials. Patients
with DPPX antibodies tend to have hyperekplexia, prominent
cerebellar ataxia with marked eye movement disorder, trunk
stiffness, sensory disturbance, and gastrointestinal symptoms.
Our patient had anti-GAD antibodies which can explain the
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TABLE 2 | Other reported cases of PERM without tumors; demographics, clinical features, investigation results, management and outcome.

Authors Age/Sex Clinical features MRI Antibodies Management Outcomes

Whiteley

et al. (13)

61/F Stiffness of her legs and difficulty in walking, shaking of her

legs from time to time, and of precipitancy of micturition

Levodopa, diazepam,

orphenadrine, baclofen

dimethothiazine

She died 13 months after the onset of

her illness

Whiteley

et al. (13)

19/M Aching pain in his back and legs, weakness of his legs and

difficulty in walking, brief attacks of rigidity and jerking of his

limbs, slurred speech and difficulty swallowing after 13 days

Twenty-one days after the onset of

his illness, he was found dead on the

floor beside his bed

Howell et al.

(19)

56/F Vertigo and vomiting, severe burning pain in the left side of

the neck and head, painful spasms, gait instability, difficulty

in chewing, and swallowing

Dexamethasone

diazepam

Died after a complex illness lasting 26

months

McCombe

et al. (20)

52/F Three months of progressive neurological disturbance. Pain

in the interscapular region, shoulders and chest, numbness

of the hands and arms, weakness of the upper and lower

limbs and urinary retention, episodes of muscle spasms

Abnormal Carbamazepine

baclofen, sodium valproate,

and

phenytoin

During a trial of withdrawal of

anticonvulsant therapy, after 3

months of treatment, the muscle

spasms returned

Burn et al.

(21)

50/F Weakness in her upper limbs, stiffness, and loss of range of

movement in her neck, double vision, mild dysphagia and a

strangled quality to her voice, painful muscle spasm

MRI of the head and

spine was normal

GAD+ AchR+ gastric

parietal auto-antibody+

thyroid thyroglobulin

and anti-TMAb +

Diazepam

immunosuppressive therapy

has not been used

Since her initial admission in

September 1989 the patient’s

disabling

spasms and rigidity have slowly

worsened

Kullmann

et al. (22)

39/M Dysphagia, dysarthria, nausea, pain in the throat and neck,

and positional vertigo, facial, and nuchal jerks after

2 weeks, myoclonus

MRI of the head with

gadolinium

enhancement

were normal

Positive gastric parietal

and islet cell

antibodies

Carbamazepine

sodium valproate

clonazepam

midazolam

Seven years after presentation, he

continues to have mild generalized

myoclonic jerks

Kullmann

et al. (22)

34/M Disturbance of taste, anorexia, and insomnia, 4 weeks later

he developed dysphagia, painful jerks, muscular rigidity and

myoclonus, tachycardia, hypertension, and mydriasis

Repeated brain and

spinal cord MRI was

again normal

Corticosteroids

PLEX

Clonazepam

Baclofen

Sodium valproate

Subsequent to discharge, all his

abnormal signs resolved,

stimulus-sensitive jerks recurred on

attempting to discontinue

clonazepam

Back et al.

(23)

27/M Cerebellar ataxia and dementia, followed by rigidity and

oculomotor dysfunction

Abnormal Corticosteroids, Azathioprine,

tizanidin, carbamazepine

baclofen, diazepam

He died 33 months

after onset of symptoms

Kraemer

et al. (17)

81/F Severe rigidity, stiffness and superimposed muscle spasms,

tachycardia, hyperhidrosis and arterial hypertension, urine

and stool incontinent, moderate dysphagia

The MRI of the brain

and the whole spine

showed no

abnormalities

GAD+

TPO+

IVIG

Corticosteroids

Benzodiazepines

baclofen, vigabatrin

A few months later her gait had

suddenly become more unsteady.

The rigidity of the right leg had

worsened

Saidha

et al. (24)

60/F Paraspinal muscle rigidity, muscle spasms and new onset

scoliosis, ataxic gait with dysmetria and deteriorating

mobility. Scanning dysarthria, dysmetria, and intention

tremor

MRI of brain and

spine were normal

GAD+,ICA+,TPO+

AAA+,

anti-transglutaminase,

and anti-endomysial

antibodies +

Corticosteroids

PLEX,IVIG

Methotrexate, azathioprine,

Mycophenolate mofetil,

Infliximab, rituximab

Benzodiazepines

Dysarthria also improved, as did

mobility and she was able to walk

using cross bars

Hutchinson

(25)

54/M Left flank tingling and 2 weeks of worsening brief frequent

violent jerks, spontaneous, and triggered by sensory and

auditory stimuli; Four weeks after admission he developed

mild bilateral ptosis, bilateral partial horizontal gaze palsies

Cranial and spinal

MRI scans with

gadolinium were

normal

GlyR+ Corticosteroids

PLEX

Cyclophosphamide

Levetiracetam

Clonazepam

Now he is stable with mild spinal

rigidity,

walks 200m with one stick, and

works part time; horizontal gaze is

normal

(Continued)
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TABLE 2 | Continued

Authors Age/Sex Clinical features MRI Antibodies Management Outcomes

Mas et al.

(26)

33/F Diplopia, dysphagia, and gait ataxia, progressively

developed rigidity of lower limbs with painful spasms,

involuntary jerks and contracture of both ankles and urinary

retention

Brain and spinal MRI

and was normal

GlyR+ Corticosteroids

IVIG

Diazepam

and baclofen

She has been asymptomatic for 8

years

Mas et al.

(26)

60/M Dysphagia, diplopia, left facial palsy and right trigeminal

hypoaesthesia, muscular rigidity, corticospinal signs,

myoclonic jerks, and severe dysautonomia

Brain MRI were

normal

GlyR+ He has remained in a persistent

vegetative state and

ventilator-dependent

Mas et al.

(26)

48/M Leg rigidity and frequent spells of trismus, muscle spasms

followed by opisthotonus and diaphoresis. Progressively

more aggressive with emotional irritability. Dysgeusia

(metallic taste) and severe concurrent behavioral changes

and diurnal hypersomnia

Brain and spinal MRI

scans were normal

GlyR+ Corticosteroids

IVIG

Diazepam

gabapentin

His leg stiffness was partially

improved but persistence of the

pruritus, dysgeusia, hypersomnia,

masseter spasms with yawn, and

behavioral changes

Turner et al.

(27)

28/M Seizures and erectile dysfunction 3 weeks later urinary

retention, jerky eye movements, ataxia, limb rigidity with

myoclonus

MRI of the brain and

whole spine

were normal.

GlyR+

NMDAR+

Levetiracetam Death within days of admission from

multi-organ failure

Iizuka et al.

(28)

61/F Reduced sense of taste, A week later she began to feel

stiffness, back pain, then myoclonic jerks and painful

spasms dysphagia,dysarthria, left gaze palsy, right-gaze

evoked counterclockwise rotatory nystagmus, and slow

saccade to the left

Brain, cervical,

thoracic, and lumbar

MRIs were normal

TPO+

Tg-Abs

IVMP, IVIg,

Corticosteroids

Cyclosporine

Baclofen, diazepam

Clonazepam

Initially improved but

twice relapsed

(40 months)

Peeters

et al. (29)

37/M A 1-month-history of muscle jerks, painful spasms, falls,

diplopia, dysphagia, incomplete jaw opening, constipation,

urinary retention, and pruritus of the arms and back

Brain and spinal MRI

were normal

GlyR+ Corticosteroids

PLEX

Diazepam

baclofen

Upon discharge neurological exam

was normal, apart from mild

hypertonia of the limbs and slightly

slowed upward saccades

Shugaiv

et al. (18)

54/M Difficulty walking and profuse sweating, generalized

stiffness, rigidity and upward gaze restriction, he had right

central facial palsy, spastic paraparesis, myoclonic jerks,

and startle response

Cranial and spinal

MRI scans were

normal

None Corticosteroids

IVIG

The patient did not respond to 7

pulse steroid and intravenous IVIg

treatment courses performed on

several occasions

Shugaiv

et al. (18)

67/M Amnesia, left focal motor seizures. Within 2 months,

generalized rigidity, stiffness, myoclonic jerks, dysphagia,

and mutism followed by stupor

Cranial and spinal

MRI scans were

normal

GAD+

LGI1+

VGKC+

Corticosteroids

IVIG

Anticonvulsants

He has not developed new symptoms

in a follow-up period of 3 years

Joana et al.

(30)

14months./M Irritability, restless sleep, and sudden episodes of axial

hyperextension, rigidity, and generalized myoclonus. Soon

after, she developed laterocollis to the right, left hemifacial

spasm, trismus, and urinary retention

GlyR+ Corticosteroids

IVIG

Levetiracetam

Clonazepam

The paroxysms disappeared 10 days

after starting

immunotherapy

Stern et al.

(31)

40/M Prodrome of mood disturbance and

myoclonic jerks. One week later presented with rigidity,

ophthalmoplegia, myoclonus, sweating

Magnetic resonance

(MR) brain imaging

were normal

GlyR+ IVIG PLEX

Corticosteroids clonazepam

Baclofen

Gradual response but

relapsed at 7 months

Wuerfel

et al. (32)

3/M Generalized epilepsy, Seizures, tamper tantrums,

headaches, and sleep disturbance

Cranial MRI at 3.0

Tesla

was normal.

GlyR+ Corticosteroids lamotrigine

Balint

et al.(33)

16/M Unsteadiness of the right arm and excessive startle,

scoliosis, thoracic spine, trunk stiffness

MRI of the brain was

normal

DPPX+ IVIG,

PLEX

Corticosteroids

Rituximab

Benzodiazepines

At follow-up 21 months after

symptom onset, normal walking was

unimpeded, but tandem gait and

standing on one leg were impossible

(Continued)
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TABLE 2 | Continued

Authors Age/Sex Clinical features MRI Antibodies Management Outcomes

Balint et al.

(33)

27/M Muscular stiffness, jerky spasms after 4 years constipation

developed, blurred vision on external gaze and acrophobia.

recently, paraesthesia and allodynia

MRI of brain and

spine were normal

DPXX+ IVIG

Corticosteroids

Rituximab

Clonazepam

The clinical course was stable for 2

years with the abovementioned

treatment regimen

Balint et al.

(33)

26/M Unclassified ocular motor disturbance and hyperhidrosis.

By then, broken pursuit and gaze-evoked nystagmus, trunk

stiffness, Jerks, slurred, and scanning speech as well as

gait and limb ataxia. Intense allodynia and neurogenic

pruritus, memory and attention deficits, hyperreflexia,

urinary retention

MRI of the brain and

the spine were

initially normal.

Seventeen years

after onset, MRI of

the brain disclosed

mild cerebellar

atrophy

DPPX+ IVIG,

PLEX

Corticosteroids

Cyclophosphamide

Due to dysphagia, he recurrently

contracted severe pneumonia

requiring intensive care treatment,

which eventually led to death

Bourke

et al.(34)

55/M 24 months of progressive stiffness and pain in his legs, jerks

of his entire body and painful extensor spasms of his limbs

and trunk. then hyperekplexia

MRI of the brain was

normal.

GlyR+ IVIG,Azathioprine

Corticosteroids

Clonazepam, diazepam

phenytoin, baclofen

Five years after presentation he was

living independently with moderate

rigidity, a slow and stiff gait

Bourke

et al. (34)

58/F stiffness in the legs, body jolts, loss of consciousness Cranial and spinal

MRI with were

normal

GlyR+ Corticosteroids

Methotrexate

Diazepam

Clonazepam

She has remained in remission

Seguier

et al. (35)

73/F Abdominal pain,then hypophonia and dyspnea, cognitive

impairment and stuttering, muscle cramps

normal IVIG Diazepam

Corticosteroids

Benzodiazepines

Rituximab

Ueno et al.

(36)

48/F Spasticity of the lower limbs and subsequently developed

upper limb spasticity, perioral myoclonus and restlessness

after 3 months, dysautonomia

MRI of the

brain/pelvis were

normal

None IVIG

Levetiracetam azathioprine

Diazepam

Patient showed a

dramatic improvement following

immune moderation

Kenda et al.

(37)

67/M Four weeks history of speech and swallowing difficulties,

leg weakness, and shortness of breath. Twitching of his

face and limb muscles

Brain MRI was

unremarkable

GlyR+ Immunoadsorption

PLEX

Levetiracetam azathioprine

Diazepam

One year from symptom onset, he

suffered from disease relapse

Degeneffe

et al. (38)

62/F Lower back pain, lumbar muscular contractures, and back

rigidity. Then lower limb, myoclonus, confusion,

hyperthermia, and acute respiratory failure

Brain and spinal

magnetic resonance

imaging (MRI)

revealed a pituitary

adenoma

GAD+ IVIG

PLEX

Corticosteroids

Levetiracetam

Seven months after admission, she

had no relapse of the myoclonus nor

the rigidity and was able to walk

without assistance

Wirth et al.

(39)

61/M within a few days, right eyelid ptosis and diplopia. Two

weeks later, he experienced widespread painful spasms,

multifocal stimulus-sensitive myoclonus followed by

hypertonic tetraparesis, swallowing difficulties, somnolence,

and respiratory failure

Abnormal GlyR+

VGKC+

LGI1+

CASPR2+

IVIG

Corticosteroids

Botulinum toxin

Cyclophosphamide

Diazepam

Baclofen

When reevaluated 3 months later, the

patient remained stiff in all four limbs,

but was nonetheless able to walk

Witek et al.

(40)

55/F Intellectual disability, immobility, and inability to swallow

safely after 1 week, mild bifacial weakness, profound axial

and limb rigidity, severe dysarthria, and polyminimyoclonus

in her jaw and distal aspects of her extremities

Normal GAD65+ IVIG

Corticosteroids

Benzodiazepines

Rituximab

Months after her initial presentation,

she has not had any signs of a relapse

of her symptoms

(Continued)
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excessive neuronal activities resulting in the typical clinical
symptoms. However, Our case simultaneously had many other
antibodies but not meet the disease diagnosis criteria, such
as antithyroid peroxidase antibody, anti-islet cell antibody,
antithyroglobulin antibody, anticardiolipin IgG antibody, anti-
SSA-60, granular type, anti-SSA-52/Ro52, anti-mitochondrial
M2 antibody in her serum, which indicated the involvement of
immune dysfunction. SPS and PERM are associated with other
autoimmune conditions including diabetes mellitus, thyroiditis,
autoimmune thyroid disorders, and pernicious anemia. Kraemer
et al. reported a case of PERM that hypothyroidism was
diagnosed 3 months before first motor symptoms and that
both, the Hashimoto’s thyroiditis and the diabetes mellitus
were of recent onset (17). Therefore, it is still necessary for
our patient to surveillance the development of potentially
autoimmune diseases, such as thyroiditis and diabetes. The
mechanisms of interaction between these antibodies need
further investigation.

We summarized the cases of PERM reported in recent years
(Tables 1, 2) and found that there are more men than women,
and the reason for this difference is unknown. The age of onset
varies, the age range at presentation is 14 months−81 years with
a mean of 50 years. Patients with tumors are generally older.
Patients have a variety of onset symptoms. Approximately 35%
of patients have onset of muscle stiffness and spasms, and 25%
of patients have onset of brainstem symptoms. However, the
clinical manifestations are mainly stiff spasms of the trunk and
limb muscles, accompanied by brainstem spinal cord symptoms,
including eye movement paralysis, gaze paralysis, nystagmus and
drooping eyelids, difficulty swallowing, and difficulty articulating.
In general, patients will have obvious autonomic symptoms
such as sweating, tachycardia, and urinary retention and even
autonomic failure, which may include respiratory failure, and
must be managed in intensive care. Twenty-five percentage
of the patients require mechanical ventilation and mortality
up to 40% (42). In most patients, there is no abnormality
of the head and spinal cord magnetic resonance. MRI of
one patient showed increased signal intensity throughout the
length of the cervical cord and lower brainstem on the T2
weighted scan and reduced signal intensity in this region on
the Tl weighted scan (20). MRI with diffusion-weighted and
fluid-attenuated inversion recovery (FLAIR) weighted sequences
(WS) of one patient showed left temporal and insular cortical
hyperintensities without gadolinium enhancement (39). MRI of
the head in 2 patients showed cerebellar atrophy (23, 33). MRI
can differentially diagnose other diseases. EMG has diagnostic
significance, and the emergence of CMUA is one of the important
diagnostic criteria.

The incidence rate of tumor in our statistics are about 20%,
which is consistent with the previous literature report (43). We
summarized these 12 cases in Table 1. There were 5 cases with
thymoma (2–5), 3 cases with Hodgkin’s lymphoma (6–8), 2 cases
with lung cancer (9, 10), 1 case with breast cancer (11), 1 case
with kidney cancer (18). All 7 patients who tested for GlyR
antibodies were positive for GlyR antibodies. Almost all patients
tested for GAD antibodies, but less than half of the patients
were positive for GAD antibodies. Among the 12 patients with
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tumors, patients with glycine antibody positive were more likely
to have dysautonomia.

A retrospective analysis recently found GlyR antibodies in
patients of PERM, some of these also had GAD antibodies,
DPPX antibodies (33), NMDAR antibodies (27). Patients
with GlyR antibodies often have prominent brainstem
involvement, and often sensory and autonomic symptoms.
GAD antibodies associate with palatal myoclonus, epilepsy,
sporadic progressive ataxia. Patients with DPPX antibodies
tend to have hyperekplexia, prominent cerebellar ataxia
with marked eye movement disorder, trunk stiffness,
sensory disturbance, and gastrointestinal symptoms.
Multiple antibodies found in some patients of PERM.
Therefore, it is difficult to predict the specificity of these
antibodies in PERM based on clinical evidence. Further
research is needed to clarify each of their roles in PERM.
When we consider that a patient may be diagnosed with
PERM, we should screen for related antibodies as much
as possible.

The treatment of PERM mainly includes symptomatic
treatment and immunotherapy. There were 5 patients with
thymoma among the patients with tumor, 4 of whom
responded well to thymectomy. There were 3 patients with
Hodgkin’s lymphoma among the patients with tumor, 2 of
whom responded well to ABVD chemotherapy. Patients
with lung cancer, breast cancer, and kidney cancer have a
poor prognosis. The stabilization and recovery may occur
if the underlying tumor is detected and treated early.
Therefore, in the early stage of diagnosis, tumors should be
screened comprehensively, irrespective of the serology in
all patients. Most cases of PERM without tumors showed
substantial and sustained improvement with immunotherapies,
usually with combinations of corticosteroids, IVIg, and
plasma exchange, and Rituximab has been reported to have a
significant effect.

We reported a patient with PERM who had thymoma and
was positive for anti-GAD antibodies, and also summarized
the current literature on clinical characteristics, investigation
results, management, and outcome of patients of PERM. At the
same time, this case also has some limitations, such that we
can’t measure the anti-glycine antibody titers due to limited lab
conditions. In addition, the patient did not perform thymectomy

due to economic reasons that maybe result in the patient
experienced relapse of dysphagia after being discharged. When
encountering similar clinical manifestations, it will be better to
test related antibodies as comprehensively as possible and actively
advise patients to perform surgical treatment to remove the
original lesion to prevent recurrence. We hope that this report
will provide a basis for further understanding of PERM and
mention clinical doctors better identify and treat these similar
presentations so as not to delay diagnosis and treatment.

PERM is a complex autoimmune disease that requires a
clinician to diagnose it in combination with the patient’s
symptoms and signs and auxiliary examinations. With the in-
depth study of PERM and the further development of detection
technologies such as GAD antibodies and anti-glycine antibodies,
people have gradually deepened their understanding of PERM
disease, but the diagnosis still lacks specific antibodies. Further
investigation is needed to uncover the nature of disease.
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Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis is an immune-mediated

disease that induces a wide spectrum of symptoms, especially in toddlers. These

include acute-onset movement disorders, with neurological regression, and other

associated neurological symptoms. Anti-NMDAR encephalitis remains a diagnostic

challenge, especially in toddlers, with better prognosis associated with early treatment.

We report the case of a 15-months-old boy who initially presented with vomiting and

later with acute-onset dystonia after the administration of antiemetics. Within 14 days,

the patient developed neuropsychomotor developmental regression and worsening

dystonia. After ruling out an acute dystonic reaction and glutaric acidemia type 1

(GA-1), a final diagnosis of anti-NMDAR encephalitis was made. The patient responded

well to immunomodulatory therapy. The present case underscores the importance of

early treatment for patient prognosis and of including anti-NMDAR encephalitis in the

differential diagnosis of acute-onset movement disorders.

Keywords: anti-N-methyl-D-aspartate receptor encephalitis, glutaric acidemia I, dystonia, child, antibody

INTRODUCTION

Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis is an immune-mediated disease that
induces a wide spectrum of symptoms. In suspected cases of anti-NMDAR encephalitis, the
diagnosis can be confirmed with an anti-GluN1 immunoglobulin (Ig) C test (1). To highlight
the importance of suspecting anti-NMDAR encephalitis when a patient presents with acute-onset
movement disorders, we documented the case of a pediatric patient who was diagnosed with
anti-NMDAR encephalitis after presenting with symptoms suggestive of glutaric aciduria type
1 (GA-1).

PATIENT INFORMATION

A 15-months-old boy was admitted to our emergency department due to an episode of
constipation and vomiting. Besides fever, the patient had no other evidence of recent infectious
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FIGURE 1 | T2 (A) and T1 (B) magnetic resonance images demonstrating signs of craniofacial disproportionality and signs consistent with macrocrania. Note that the

patient had an overall normal morphology, excepting the prominence of the ventricular system and CSF-filled spaces in the left cerebral convexity.

disease and no history of previous hospitalization. Following an
uncomplicated pregnancy and delivery, he was born to non-
consanguine parents with no family history of neuropsychiatric
disorders. The child had macrocephaly, which became apparent
at 6 months of age.

The emergency department physician administered alizapride
(1.25 mg/kg) as a form of antiemetic treatment. Subsequently,
the patient developed orofacial dyskinesias, opisthotonos, limb
dystonia, and chorea. These outcomes were suspected to be signs
of an extrapyramidal-triggered reaction to alizapride. The patient
was administered biperiden (0.05 mg/kg), which did not alleviate
his abnormal movements. Furthermore, he soon developed
behavioral arrest with ocular deviation and generalized limb
hypertonia, which was consistent with a self-limited epileptic
seizure that lasted for <1 min.

CLINICAL FINDINGS

The patient was admitted to our hospital. The patient’s general
state worsened during the first 5 days of admission with the
emergence of fever, irritability, agitation, and the regression
of his neuropsychomotor development. Electroencephalography
showed normal base activity, with occasional slow frequency
rhythm in posterior regions. Epileptiform activity was not

Abbreviations: BESS, benign enlargement of the subarachnoid spaces; CSF,

cerebrospinal fluid; GA-1, glutaric aciduria type 1; GCDH, glutaryl CoA-

dehydrogenase; Ig, immunoglobulin; MRI, magnetic resonance imaging; NMDAR,

N-methyl-D-aspartate receptor.

observed. With the exception of a small increase in lactate
(2.4 mg/mL), no further metabolic changes were identified.
The first cerebrospinal fluid examination, collected on the
second day of hospitalization, presented white blood cells
4.37/mm3, glucose level of 60 mg/dL (glucose ratio of 0.77)
and protein level of 17 mg/dL. Viral profile in CSF and
normal blood for enterovirus, cytomegalovirus, Epstein Barr
virus, herpes virus type I and II. As shown in Figure 1,
brain magnetic resonance imaging (MRI) with contrast revealed
areas of hypointensity in the frontotemporal regions of
the brain.

DIAGNOSTIC ASSESSMENT AND

THERAPEUTIC INTERVENTION

Considering the patient’s history of acquired macrocephaly,
our observations of bitemporal atrophy and the onset of
developmental regression and movement disorder after the
patient’s febrile event informed our suspicion of glutaric aciduria
type 1 (GA-1). The patient was treated with intravenously
administered glucose and a hypoproteic diet. Despite therapy,
the patient persists with significant generalized dyskinesia,
aggravated by movement and sounds, remaining responsive
to visual and sound stimuli. On day 5 of hospitalization he
presented a dystonic status, with fever, profuse sweating, dystonia
and hyperCKnemia (CK: 1,326 mg/dL). He was sedated with
continuous midazolam. Treatment with baclofen, tizanidine,
clonazepam, triexifenidil, and carbamazepine started in order
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to control dystonia. Progressive midazolam withdrawal was
performed, with discharge from the Intensive Care Unit (ICU)
after 14 days. After 29 days, results of metabolic and genetic
testing for GA-1 were normal.

Given the normal whole-exome sequencing results,
alternative diagnosis was considered, and the possibility
of anti-NMDAR encephalitis suspected due to the acute
onset of developmental regression, abnormal movements,
seizures and altered mental status. In line with our suspicions,
treatment with intravenous immunoglobulin (IVIg) (400
mg/kg/d) and intravenous methylprednisolone (30 mg/kg/d)
for 5 days was then initiated. Within the first 2 days of
IVIg therapy, the patient’s abnormal movements improved
markedly, and his cerebrospinal fluid (CSF) sample tested
positive for IgG anti-GluN1 antibodies. Other antibodies
related to autoimmune encephalitis were negative in CSF
and serum. Malignancy workout was performed, finding no
abnormalities. Upon the conclusion of the initial 5-days IVIg
therapy, the patient was treated with the immunosuppressant
azathioprine (4 mg/kg/d) and monthly IVIg infusions. The
patient showed progressive improvement of his muscle
tone, control of his dystonia, and the recovery of some
developmental milestones.

FOLLOW-UP AND OUTCOMES

In the year following the patient’s discharge from our hospital,
the regimen of azathioprine and IVIg has been maintained,
and the patient’s development and control of dystonia
have continued to improve. However, the patient maintains
deficits, with global developmental delay, and mild generalized
dystonia. Figure 2 summarizes the historical and current case
clinical informations.

DISCUSSION

This report documents the case of a toddler with anti-
NMDAR encephalitis who was admitted for gastrointestinal
symptoms. The subsequent acute onset of movement disorder
symptoms in a previously healthy child was an urgent
neurologic situation (2). Accurate diagnosis was essential
because many conditions that induce motor symptoms are
treatable, especially with early intervention. However, good
outcomes often require an etiologically appropriate targeted
approach (2).

The main cause of sudden-onset hyperkinetic movement in
children is an acute dystonic reaction, often in response to
anti-dopaminergic medications and antiemetics. In such cases, a
dramatic improvement should be effected upon the withdrawal
of the offending drug and the intravenous or intramuscular
administration of an anticholinergic drug (3).

An important differential diagnosis in children exhibiting
dystonia is GA-1 (OMIM no. 231670): a congenital condition
caused by abnormal lysine metabolism due to a mutation in
the glutaryl CoA-dehydrogenase (GCDH) gene on chromosome
19p13.2 (4). The resultant GCDH deficiency increases the

concentrations of potentially neurotoxic metabolites. Indications
of GA-1 include neonatal macrocephaly and frontoparietal brain
atrophy that can be identified with neuroimaging. Affected
children generally exhibit acute neurological deterioration
between 6 and 18 months of age that may be triggered by
a catabolic state caused by an infectious disease, surgery,
or fever, including a severe febrile reaction to vaccination.
Patients with GA-1 become acutely hypotonic, lose head
control, and may exhibit abnormal movement as result
of striatal injury. A metabolic diagnosis of GA-1 can be
rendered based on a urine organic acid analysis; classically,
glutaric acid levels remain elevated even when the patient
is not in a catabolic state, and diagnosis of GA-1 can be
confirmed by the identification of biallelic pathogenic GCDH
variants (Table 1) (4, 5, 7).

Encephalitis is a potentially lethal neurologic disease
wherein inflammation of brain parenchyma leads to neurologic
dysfunction (8). Although infectious agents are the main cause of
encephalitis, cases of autoimmune encephalitis are increasingly
being reported (8, 9). Since Dalmau et al. (10) described
anti-NMDAR encephalitis in 2007, epidemiologic studies have
implicated anti-NMDAR encephalitis as a predominant cause of
autoimmune encephalitis, second only to demyelinating acute
encephalitis (9).

Anti-NMDAR encephalitis is an immune-mediated disease
associated with the production of IgGs that target the GluN1
subunit of NMDAR (11). The condition may induce a wide
spectrum of autonomic, cognitive, and behavioral symptoms,
including disturbed sleep and movement disorders (1, 6,
11). Anti-NMDAR encephalitis may present differently in
children than in adults: e.g., toddlers may exhibit developmental
regression as a predominant symptom, which should invoke
clinical suspicion, especially if the regression has a sudden
onset and is associated with a movement disorder (6). Other
common symptoms exhibited by young children include
insomnia, irritability, and seizures. Psychiatric disorders and
dysautonomia are uncommon or less evident in very young
children with anti-NMDAR encephalitis than in their adult
counterparts (Table 1) (11, 12).

A diagnosis of anti-NMDAR encephalitis should be
considered when patients develop four or more of the following
symptoms within 3 months: cognitive-behavioral disturbance
or psychiatric symptoms, language disorder, epileptic seizures,
abnormal movements, dyskinesias, stiffness or dystonic postures,
impaired consciousness, and autonomic dysfunction or central
hypoventilation. In addition to excluding other disorders
(e.g., altered mental status, extrapyramidal syndrome, and
epilepsy), clinicians should perform electroencephalography
to confirm anti-NMDAR encephalitis. Furthermore, CSF
with pleocytosis or oligoclonal bands is suggestive of anti-
NMDAR encephalitis (1, 6). A definitive diagnosis in
patients exhibiting any of the aforementioned symptoms
can be rendered upon the identification of IgG anti-GluN1
antibodies (Table 1) (1).

Alizapride is a metoxibenzamide drug that inhibits type 2
dopaminergic receptors (13). The use of anti-dopaminergic
drugs, or any other typical or atypical antipsychotics, can
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FIGURE 2 | Timeline with treatment progression and diagnosis time. D, day; GA1, glutaric aciduria type 1; ICU, Intensive Care Unit; IVIG, intravenous immunoglobulin;

NMDAR, Anti-N-methyl-D-aspartate receptor; WES, Whole Exome Sequence.

worsen the clinical status or exacerbate the symptoms of
patients with anti-NMDAR encephalitis—especially before
immunomodulatory therapy has been initiated (14). Patients

with anti-NMDAR encephalitis also appear to be at particular risk
of experiencing adverse secondary effects of anti-dopaminergic
medications, including drug-induced movement disorders (11).
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TABLE 1 | Comparison between an acute critical presentation of glutaric aciduria

type I (GA-1) and anti-N-methyl-D-aspartate receptor (anti-NMDAR) encephalitis.

Variable GA-1 Anti-NMDAR encephalitis

Age of onset 6–18 months Any

Flu-like symptoms

at onset

Often Possible

Macrocephaly Nearly always Not associated

Developmental

regression

Often Possible*

Hyperkinesia Often Often

Seizures Possible Possible

CSF study Normal May involve pleocytosis,

presence of oligoclonal

bands and elevated CSF

protein**

Brain MRI Usually shows frontoparietal

brain atrophy with widening

of the Sylvian fissures;

sometimes arachnoid cysts.

May involve acute striatal

necrosis***

Usually normal

Definitive

diagnosis

DNA analysis or detection of

3-OH-glutaric acid with

organic acid analysis

Presence of one or more of

six major groups of

symptoms and anti-GluN1

IgGs

CSF, cerebrospinal fluid; MRI, magnetic resonance imaging; Ig, immunoglobulin.
*Children may present with development regression rather than psychosis.
**Pleocytosis range, 29–80%, normal CSF study does not exclude

anti-NMDAR encephalitis.
***Striatal/extrastriatal progression highly variable in form and speed.

References: (1, 4–6).

Anti-NMDAR encephalitis should be treated as early in
its course as possible with first line therapy (intravenous
IVIg, high doses of steroids, plasmapheresis) (11). Although
uncommon in the pediatric population, in the presence
of teratoma or other malignancy, tumor removal results
in substantial neurological improvement (6, 15). When
first-line treatments fail, second-line immunotherapy is
usually effective (15). Autoimmune encephalitis is not
always monophasic; as relapses may occur, patients should
be enrolled in long-term maintenance therapy to maximize
therapeutic gains and the patient’s ultimate functional
state. Monthly IVIg infusion or plasmapheresis with the
sustained administration of oral corticosteroids or a steroid-
sparing agent may be considered for patients with stalled
recovery. As a well-established standard regarding duration
of maintenance-IVIg therapy remains lacking, clinicians need
to decide the duration based on the evolution of the patient’s
status (11).

The acquired macrocephaly and prominence of CSF spaces
identified in the present case (Figure 1) first misleading
indicators of a metabolic disease, were attributable to the
benign enlargement of the subarachnoid spaces (BESS). BESS,
also known as external hydrocephalus, and constitutional

megalencephaly are the major causes of macrocephaly in infants
(16). It is transient and characterized by disproportionate
skull and brain volumes, which is radiologically evidenced by
the widening of the bifrontal and anterior interhemispheric
CSF spaces. BESS does not require specific treatment: as the
child grows older, the subarachnoid space fluid collection will
resolve or become minimal (16). Children with BESS generally
follow neurological developmental trajectories, and BESS may
only become evident when an underlying disease triggers a
clinical investigation. Macrocephaly was unrelated to anti-
NMDAR encephalitis playing a role as a confusing factor in the
etiological investigation.

Importantly, our patient had a good outcome owing
to diagnostic suspicion and early treatment. The present
case highlights the importance of considering autoimmune
encephalitis, a treatable disease whose prognosis depends on
early diagnosis and treatment, as a differential diagnosis of acute-
onset movement disorders because it rarely follows an established
clinical course and may mimic those of several other conditions.
While our report is limited by its isolation in the literature, which
limited the evaluation of the efficacy of our treatment method,
it contributes to the ongoing elucidation of the condition’s
clinical manifestation and treatment (12)—particularly in
pediatric cases.

PATIENT PERSPECTIVE

The patient remains in clinical follow-up. The family has
reported perceiving a great improvement in symptoms and
quality of life with respect to the initial condition.
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Wuhan, China, 3Department of Neurology, Mayo Clinic, Rochester, MN, United States

High-dose steroids, the first-line therapy for acute attacks in neuromyelitis optica

spectrum disorder (NMOSD), were ineffective in a proportion of NMOSD attacks.

This study aimed to explore possible predictors of high-dose steroid resistance.

Demographics and disease characteristics of acute attacks were compared between

those who responded to high-dose intravenous methylprednisolone (IVMP) and those

resistant to IVMP. In total, 197 attacks in 160 patients were identified in our NMOSD

registry. Compared with responders, attacks resistant to high-dose steroids tended

to have a higher proportion of previous history of immunosuppressive use (25.5 vs.

15.5%, p = 0.080). Significantly higher levels of proteins in the cerebrospinal fluid

(CSF) were found in non-responders than in responders [485.5 (388–656) vs. 387

(291.5–532) mg/L, p = 0.006]. More active lesions were found in the brain stem of

non-responders (8 attacks in 55, 14.5%), especially in the pons (7.3%) and medulla

(14.5%), as opposed to responders (7 patients in 142, 4.9%). Multivariable logistic

regression showed that resistance to high-dose steroid treatment was associated with

previous immunosuppressant use [odds ratio (OR), 2.31; 95% confidence interval (CI)

1.002–5.34, p= 0.049], CSF protein level above 450 mg/L (OR 3.42, 95% CI 1.72–6.82,

p< 0.001), and active lesions in the brainstem (OR 3.80, 95%CI 1.17–12.32, p= 0.026).

In conclusion, NMOSD patients with previous use of immunosuppressants, higher levels

of CSF protein, and active lesions in the brainstem are more likely to respond poorly to

high-dose IVMP alone during an acute attack.

Keywords: NMOSD, attacks, high-dose steroids, response, predictor

INTRODUCTION

Neuromyelitis optica spectrum disorder (NMOSD) is a severe autoimmune disorder, characterized
by recurrent attacks of optic neuritis and myelitis. A strong humoral response with autoantibodies
against aquaporin-4 (AQP4) water channels on astrocytes has been identified as the main
characteristic of NMOSD pathophysiology (1).
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Adequate treatment of the attacks in NMOSD is crucial,
considering the high probability of accumulating residual
impairment from attacks, resulting in significant motor and
visual disability in these patients (2–4). The mainstay therapy
for acute attacks is high-dose intravenous methylprednisolone
(IVMP), 1 g daily for three to seven consecutive days, followed
by tapering off with oral prednisolone within 2 weeks (5–
8). However, this combination targets the cellular part of the
inflammatory process, which is only one aspect of NMOSD
pathophysiology (9, 10). Some patients respond poorly to high-
dose IVMP; therefore, aggressive treatments such as plasma
exchange (PLEX) (9, 11), immunoadsorption (IA) (2), and
intravenous immunoglobulin (IVIG) (12, 13) are routinely
recommended as a rescue therapy or subsequent add-on
therapy to target specific antibodies, complements, and several
proinflammatory proteins (9). Therefore, it is crucial to identify
the patients who are more likely to be resistant to high-dose
IVMP therapy and initiate effective treatment as early as possible
to reduce the risk of disability.

MATERIALS AND METHODS

Patients and Study Design
This study was based on a retrospective analysis of a single-
center cohort of patients with NMOSD between August 2014
and June 2020 at the Tongji Hospital of Tongji Medical
College, Huazhong University of Science and Technology, China.
Data from all attacks in NMOSD patients, diagnosed per
the 2015 criteria for NMOSD (14), were screened. AQP4-IgG
were detected using a cell-based assay (CBA), as previously
reported (15), using HEK293 cells expressing the human M23-
AQP4 protein and an Alexa 488 conjugated secondary antibody
(Thermo Fisher Scientific, Rockford, IL, USA), with 1:10, 1:32,
1:100, 1:320, 1:1000, or 1:3200 dilution. The farthest dilution
yielding a positive result was recorded as the endpoint of
positivity. AQP4-IgG seropositive patients who received pulse
methylprednisolone treatment for an acute event of NMOSD
were identified through the center’s database. Patients with
insufficient data were excluded from our study. A detailed study
flowchart is shown in Figure 1. This study was approved by the
Institutional Review Board of Tongji Hospital of Tongji Medical
College, Huazhong University of Science and Technology (TJ-
IRB20190502). Written informed consent was obtained from all
patients or their authorizer.

Definitions of Attack and Response
An attack was defined as an immune-mediated attack of the
central nervous system (CNS), manifesting as new or worsening
symptoms attributable to a new lesion seen on T2-weighted or
contrast-enhanced MRI. All the acute attacks were treated with
intravenous methylprednisolone at a dose of 1 g daily for five
consecutive days, followed by halving every 3–5 days, and finally
tapering off with small-dose oral prednisolone (20–30 mg/day).

The responses to IVMP were assessed on day 7 after the
initiation of IVMP treatment (5). Patients were considered
steroid responders if they showed improvement in strength or

sensation of the affected limb, improvement in visual acuity, or
improvement in bowel/bladder function.

A non-responder was defined as any of the following, as
described before (1, 5, 16):

• for transverse myelitis (TM) attacks, having no improvement
of≥1 grade on the Medical Research Council (MRC) Scale for
Muscle Strength of the affected limbs (17);

• for optic neuritis (ON) attacks, no improvement in visual
acuity>2 lines in near chart vision, if the baseline visual acuity
was ≥0.025, or one step better if the baseline visual acuity was
worse than counting fingers (18);

• for area postrema syndrome (APS) attacks, the duration or
frequency of the symptoms (nausea, vomiting, and hiccups)
was unaltered or worsened, as evaluated by the clinicians (16);

• for attacks at other locations, no clinical improvement or
worsening of the symptoms, as evaluated by the clinicians
(1, 5).

Data Collection
Patients were classified according to their response to IVMP.
The data collected through chart review included demographics
and disease characteristics for all patients. The Extended
Disability Status Scale (EDSS) score was prospectively
obtained to ensure a reliable analysis in our center. EDSS
was also collected retrospectively from available records for
the following time periods: at admission (pretreatment) and
7 days after the initiation of steroid treatment. Laboratory
data, including anti-AQP4 status, cerebrospinal fluid
(CSF) findings, and MRI findings (a new lesion on T2-
weighted or contrast-enhanced MRI) were compared between
the groups.

Statistical Analysis
Data are presented as medians with interquartile range (IQR)
values and percentages. Categorical variables were compared
using the χ

2 test. Continuous variables were compared using
the Mann–Whitney U-test. Variables with two-tailed p < 0.05
were considered significant. Parameters approaching a significant
difference (p < 0.1) in the comparison between respondent and
non-respondent attacks were considered candidate parameters
for predictive factors. Predictor exclusion was limited to
parameters with more than 10% missing rate to minimize
the bias of the regression coefficient. The missing values
were imputed by the expectation-maximization method using
SPSS statistical software, version 22 (IBM, Armonk, NY,
USA). The candidate parameters included previous use of
immunosuppressive agents, CSF cells, CSF proteins, and
presentation of active lesions in the brain stem on MRI. Sex
and age at the time of the attacks were treated as covariates
and included in the final analysis. The potential risk factors
associated with steroid resistance were analyzed using logistic
regression. Each candidate variable was treated as a categorical
variable and first fitted with univariate models one at a time
to estimate the unadjusted OR and then included in the
multivariable model.
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FIGURE 1 | Flowchart of the present study. IVMP, intravenous methylprednisolone.

RESULTS

Patient Characteristics
A total of 197 attacks from 160 patients were included in
the study. Clinical characteristics are described in Table 1. The
majority of attacks were in women (171/197, 86.8%), with 122
(85.9%) responders and 49 (89.1%) non-responders. There were
no significant differences in sex or age at the time of attacks
between the two groups.

In the 197 attacks, the most common manifestations at onset
were transverse myelitis (TM) (48.2%) and optic neuritis (ON)
(20.8%). In the 142 attacks that responded to steroids, the
following presentations were recorded in the registry: 29 ON
(19 unilateral and 10 bilateral), 70 TM, 19 simultaneous TM
and ON, 17 acute disseminated encephalomyelitis (ADEM) or
ADEM-like attacks, and 7 area postrema syndromes. In the 55
non-responding attacks, 12 presented with ON (7 unilateral and
5 bilateral), 25 TM, 9 simultaneous TM and ON, 8 ADEM
or ADEM-like, and 1 area postrema syndrome. There were no
significant differences in attack characteristics between the two
groups (Table 1).

Themedian time interval from attack onset to IVMP initiation
was 13 days [interquartile range (IQR) 7–13], with no difference
between attacks responding to IVMP and non-responders.
Compared with responders, attacks resistant to steroids tended
to have a higher proportion of previous immunosuppressant
use (25.5 vs. 15.5%, p = 0.080), although no difference in pre-
enrollment attacks was found between the two groups. Clinical
status (baseline EDSS and pretreatment EDSS) showed that
severity and disability before attacks and at the time of attacks
tended to be more severe in patients resistant to steroids [median
1 (IQR 0–3) vs. 0 (0–2), p = 0.109; 5 (3–7) vs. 4 (3–5.75),
p = 0.118, respectively], compared with attacks responding to

steroids, although the difference was not significant. EDSS at 7
days post-treatment for non-responders was significantly more
severe than in responders [5 (4–7) vs. 3 (2–4), p < 0.001].

AQP4-IgG Titer and CSF Findings
The laboratory findings, including the AQP4-IgG titer in serum
and CSF testing, are shown in Table 2. No significant difference
in AQP4-IgG titer was found between the IVMP responders and
non-responders. The attacks resistant to steroids tended to have
higher levels of cell count and albumin quotient in the CSF [7 (1–
26) vs. 2 (0–14) 106/L, p = 0.059; 6.9 (5.1–10.7) vs. 5.8 (4.1–8.5),
p= 0.102, respectively], than the responders. Significantly higher
levels of proteins in the CSF were found in non-responders
than in responders [485.5 (388–656) vs. 387 (291.5–532) mg/L,
p= 0.006]. Other findings, including intrathecal synthesis of IgG
and oligoclonal bands in CSF, showed no significant differences
between the two groups.

MRI Findings
New lesions on T2-weighted or contrast-enhanced MRI
were counted and compared between the two groups.
The percentage of patients with active lesions in different
locations in the two groups is summarized in Table 3.
More active lesions were found in the brain stem of non-
responders (14.5%), especially in the pons (7.3%) and
medulla (14.5%), as opposed to only 4.9% in the responders.
There were no gadolinium-enhanced features in the optical
nerve, spinal cord, or other brain regions, including the
cerebrum and cerebellum that could reliably differentiate the
two groups.
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TABLE 1 | Demographics and baseline characteristics of patients with NMOSD.

All attacks Responders Non-responders p-value

Baseline characteristics

Attacks no. 197 142 55

Female, n (%) 171 (86.8) 122 (85.9) 49 (89.1) 0.370

Age at attacks, year, median (IQR) 45 (31–52) 44 (31–51) 47 (34–52) 0.172

Manifestations of attacks, n (%)

ON 41 (20.8) 29 (20.4) 12 (21.8) 0.485

Unilateral 26 (13.2) 19 (13.4) 7 (12.7) 0.555

Bilateral 15 (7.6) 10 (7.0) 5 (9.1) 0.412

TM 95 (48.2) 70 (49.3) 25 (45.5) 0.373

Simultaneous ON and TM 28 (14.2) 19 (13.4) 9 (16.4) 0.370

ADEM or ADEM-like 25 (12.7) 17 (12.0) 8 (14.5) 0.393

Area postrema syndrome 8 (4.1) 7 (4.9) 1 (1.8) 0.293

Time from onset to IVMP initiation, days, median (IQR) 13 (7–31) 14 (7–29.75) 12 (7–32.5) 0.826

Previous use of immune suppressive drugs, n (%) 36 (18.3) 22 (15.5) 14 (25.5) 0.080

Clinical status

Number of attacks pre-enrollment, median (IQR) 1 (0–2) 1 (0–2) 0 (0–2.5) 0.541

Baseline EDSS, median (IQR) 0 (0–2) 0 (0–2) 1 (0–3) 0.109

Pre-treatment EDSS, median (IQR) 4 (3–6) 4 (3–5.75) 5 (3–7) 0.118

7 days post-IVMP EDSS, median (IQR) 3 (2.75–5) 3 (2–4) 5 (4–7) <0.001

Data are presented as mean (SD), median (IQR), and n (%). p values were calculated from the comparison between responders and non-responders using the χ
2 test, Fisher’s exact

test (for categorical variables), t-test, or Mann–Whitney U-test (for continuous variables). Pretreatment EDSS refers to EDSS at admission, before high-dose steroid therapy initiation.

Responders refer to patients who responded to high-dose steroid therapy. Non-responders refer to patients who were resistant to high-dose steroid therapy. NMOSD, neuromyelitis

optica spectrum disorder; SD, standard deviation; IQR, interquartile range; ON, optic neuritis; TM, transverse myelitis; ADEM, acute disseminated encephalomyelitis; EDSS, Extended

Disability Status Scale; IVMP, intravenous methylprednisolone.

TABLE 2 | Laboratory findings of patients with NMOSD.

Normal range All attacks (n = 197) Responders (n = 142) Non-responders (n = 55) p-value

AQP4 Ab titer 0 100 (32–320) 100 (32–320) 100 (26.5–320) 0.368

CSF findings

Cell (106/L) 0–8 3 (0–19) 2 (0–14) 7 (1–26) 0.059

CSF protein (mg/L) 150–450 412 (313.5–579) 387 (291.5–532) 485.5 (388–656) 0.006

Albumin quotient <10 6.25 (4.2–8.6) 5.8 (4.1–8.5) 6.9 (5.1–10.7) 0.102

IgG index 0 0.7 (0.6–0.8) 0.7 (0.6–0.8) 0.7 (0.6–0.8) 0.346

Oligoclonal bands, n (%) 0 0 (0–0) 0 (0–0) 0 (0–0) 0.528

Data are median (IQR), and n (%). p-values were calculated from the comparison between responders and non-responders using the χ
2 test, Fisher’s exact test (for categorical variables),

t-test, or Mann–Whitney U-test (for continuous variables). Responders refer to patients who responded to high-dose steroid therapy. Non-responders refer to patients who were resistant

to high-dose steroid therapy. NMOSD, neuromyelitis optica spectrum disorder; IQR, interquartile range; CSF, cerebrospinal fluid.

Predictive Factors of High-Dose Steroid
Response
We performed an exploratory analysis of potentially independent
predictors of high-dose steroid response (Table 4). In the
univariate analysis, IVMP resistance was associated with age over
45 years old at the time of attacks (OR 2.05, 95% CI 1.09–3.86,
p = 0.026), CSF protein level above 450 mg/L (OR 3.78, 95%
CI 1.96–7.32, p < 0.001), and active lesions in the brainstem
(OR 3.28, 95% CI 1.13–9.55, p = 0.029). In multivariable logistic
regression, adjusted for age and sex, resistance to high-dose
steroids was associated with previous use of immunosuppressive
agents (OR 2.31, 95% CI 1.002–5.34, p = 0.049), CSF protein

level above 450 mg/L (OR 3.42, 95% CI 1.72–6.82, p < 0.001),
and active lesions in the brainstem (OR 3.80, 95% CI 1.17–12.32,
p= 0.026).

DISCUSSION

Although a preventive treatment could largely reduce most
NMOSD relapses, recurrent attacks are still a great medical
concern (9). In this study, 197 attacks in 160 patients, treated with
high-dose IVMP as a standalone therapy in the first 7 days, were
identified in our NMOSD registry. In line with previous reports
from smaller patient cohorts (5, 19), IVMP was ineffective in a
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TABLE 3 | Location of active lesion in patients with NMOSD.

No. (%)

All attacks (n = 197) Responders (n = 142) Non-responders (n = 55) p-value

Optic nerve 23 (11.7) 18 (12.7) 5 (9.1) 0.333

Brain

Cerebrum 6 (0.3) 4 (2.8) 2 (3.6) 0.536

Cortical gray matter/juxtacortical white matter 3 (1.5) 2 (1.4) 1 (1.8)

Periventricular white matter 4 (2.0) 3 (2.1) 1 (1.8)

Corpus callosum 1 (0.5) 1 (0.7) 0 (0.0)

Brain stem 15 (7.6) 7 (4.9) 8 (14.5) 0.028

Midbrain 4 (2.0) 2 (1.4) 2 (3.6)

Pons 6 (3.0) 2 (1.4) 4 (7.3)

Medulla 13 (6.6) 5 (3.5) 8 (14.5)

Cerebellum 3 (1.5) 2 (1.4) 1 (1.8) 0.628

Spinal cord

Cervical 58 (29.4) 42 (29.6) 16 (29.1) 0.547

Thoracic 43 (21.8) 30 (21.1) 13 (23.6) 0.419

Length of active lesions on spinal cord, segments, median (IQR) 0 (0–3) 0 (0–3) 0 (0–4) 0.657

Data are median (IQR), and n (%). p-values were calculated from the comparison between responders and non-responders using the χ
2 test and Fisher’s exact test. Responders refer to

patients who responded to high-dose steroid therapy. Non-responders refer to patients who were resistant to high-dose steroid therapy. NMOSD, neuromyelitis optica spectrum disorder.

TABLE 4 | Logistic regression analysis of steroid resistance based on data at admission in our cohort.

Univariate analysis Multivariable analysis

OR (95% CI) p-value OR (95% CI) p-value

Age at time of attacks, >45 vs. ≤45 years 2.05 (1.09–3.86) 0.026 1.59 (0.80–3.16) 0.185

Sex, female vs. male 1.34 (0.51–3.53) 0.556 1.76 (0.60–5.13) 0.301

Previous use of immune suppressive drugs, yes vs. no 1.86 (0.87–3.98) 0.108 2.31 (1.002–5.34) 0.049

CSF cell, >8 vs. ≤8 × 106/L 1.43 (0.76–2.69) 0.274 0.99 (0.48–2.05) 0.977

CSF protein, >450 vs. ≤450 mg/L 3.78 (1.96–7.32) <0.001 3.42 (1.72–6.82) <0.001

Active lesion on brain stem. yes vs. no 3.28 (1.13–9.55) 0.029 3.80 (1.17–12.32) 0.026

OR, odds ratio; CI, confidence interval; CSF, cerebrospinal fluid.

notable proportion of NMOSD attacks (55 in 197 attacks, 27.9%).
By comparing the clinical features of responders and non-
responders, this study showed that patients with previous use of
immunosuppressants, higher levels of CSF protein, and active
lesions in the brainstem are more likely to respond poorly to
high-dose IVMP alone during an acute attack. Therefore, in these
patients, early treatment with steroids combined with another
strategy, such as PLEX, IA, or IVIG, should be encouraged.

In the acute phase of NMOSD, prompt treatment with
IVMP is the first choice (5, 7, 8, 20). For patients who harbor
AQP4 antibodies, it is crucial to initiate IVMP treatment as
early as possible, as even a 7-day delay in IVMP treatment
can be detrimental to the recovery of vision of patients
with ON (21). IVMP may inhibit the inflammatory cascade
by suppressing the production of inflammatory cytokines,
inhibiting T cell activation (22), and modulating different
subsets of circulating B cells (23); furthermore, it promotes
recovery in a large proportion of the attacks (24). In cases
responding poorly to IVMP, the combination with an aggressive

treatment such as PLEX, IA, or IVIG is recommended to
improve the clinical outcome, eliminating pathogenic plasma
factors, such as autoantibodies and complement components
(20, 24, 25). A large retrospective study showed that the
escalation of therapy improves the outcome in every type of
NMOSD attacks, and isolated myelitis responded better to
PLEX/IA than to high-dose IVMP as the initial treatment
course (26). In addition, there is increasing evidence that
long-term immunosuppressive therapy is essential to reduce
disease activity and to avoid further attacks in the remission
phase (20, 24). Our results, however, have shown that the
previous use of immunosuppressants might be an independent
risk factor of resistance to high-dose IVMP therapy and
possibly an indicator for early initiation of aggressive therapy
in acute relapses. The use of immunosuppressants, such as
azathioprine or mycophenolate mofetil, which suppresses the
inflammatory cascade modulating the function of different
lymphocytes, largely overlaps with the therapeutic effects
of IVMP.
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Older age at onset was reported as a risk predictor of visual
and motor disability in NMOSD (27). The late-onset course
was associated with rapid disease progression and long-term
disability (28–30), which might be explained by malfunctions
in self-repair and blunted long-lived memory responses in
aging individuals (31). Regarding responses to steroid treatment,
conflicting results were reported. In a retrospective analysis of a
cohort of patients with acute optic neuritis, IVMP treatment was
administered, and age was found not to be associated with the
outcome (32). In contrast, age at onset was reported to influence
the effect of intravenous steroid pulse therapy on optic neuritis
and was associated with recovery of visual acuity (33). Similarly,
in the latter study, our results showed that age over 45 years old
at the time of attacks could suggest an inadequate response to
high-dose IVMP inNMOSD; however, this is not an independent
indicator of the response in multivariable analysis. While age is
not a modifiable risk factor, our results provided evidence that
aggressive treatment should be considered at an early stage in
patients over 45 years of age.

The serum anti-AQP4 antibody titer has been studied
extensively for NMOSD monitoring, despite several different
results. It has been reported that higher anti-AQP4 antibody
titers in serum were associated with complete blindness and
extensive lesions on MRI in patients with active NMOSD
attacks (34). Other studies have shown that clinical activity
and neuroinflammation are associated with the levels of AQP4-
IgG titers in the CSF but not the serum (35). Some studies
suggest that most AQP4-IgG are produced in peripheral tissues
and that serum is the optimal and most cost-effective specimen
for AQP4-IgG testing (36). However, the titer level does not
reflect the ongoing disease activity or the neurological prognosis;
thus, repeated follow-ups of titer levels may not be useful for
the management of NMOSD patients (37). In our cohort, we
tested serum AQP4-IgG titers at attack onset, and we found no
difference between steroid responders and non-responders. No
correlation was observed between AQP4-IgG titers and steroid
response in our study.

Distinct profiles in the CSF were observed in patients
with NMOSD (38–41). Biomarkers in CSF, including glial
fibrillary acid protein (GFAP) and neurofilament light, were
found to be associated with disease activity and disability in
NMOSD (40). Elevated cytokines in CSF, such as macrophage-
colony stimulating factor, interferons, interleukin-10, and soluble
interleukin-2 receptor, could differentiate NMOSD from MS
(39), and CNS lymphoma (41). Basic parameters in routine
CSF testing were also found to be useful in clinical practice.
In AQP4-IgG seropositive NMOSD patients, CSF protein
concentrations were shown to be positively correlated with
serum AQP4-IgG levels (38). In our study, attacks resistant to
high-dose steroids tended to have higher levels of cell count
and albumin quotient in the CSF than responders to IVMP.
Moreover, elevated CSF protein levels were an independent
risk factor for resistance, suggesting more severe blood–brain
barrier disruption and increased intrathecal inflammation in
non-responders than responders.

It has been shown in several studies that an initial
treatment of IVMP alone may not be sufficient as the first

line of therapy, especially in NMOSD with high cervical
myelitis/brainstem involvement with respiratory compromise
(5, 42). A retrospective analysis demonstrated that an escalation
of therapy in attacks involving the spinal cord had a better
outcome than high-dose steroid pulse therapy alone (2). Our
study explored the features of clinical manifestations and imaging
findings in attacks of IVMP non-responders. We found that
active brainstem lesions in MR images could predict resistance
to high-dose steroids alone, even without specific clinical
manifestations. The mismatch between clinical manifestations
andMR findings could be explained by the fact that clinical onset
could be followed by multifocal locations of attacks. When active
lesions occur in the brainstem, as first-line therapeutic approach,
administering only IVMP might be insufficient.

Aggressive procedures, most notably plasma exchange, were
not performed as a routine practice for patients with low EDSS
at admission in our center. However, these therapies were often
considered in severe NMOSD attacks, in case of insufficient
response to high-dose IVMP. An improved clinical benefit of
early initiation of apheresis during severe attacks of NMOSD
with higher pretreatment EDSS was reported in several studies
(9, 43). The factors for an effective differentiation between
responders and patients resistant to IVMP remain unclear,
making it difficult to determine whether early initiation of
aggressive procedures should be performed, especially in non-
severe attacks. On the other hand, these factors may indicate
that severe attacks were more likely to require a combination
treatment of second-line therapy with high-dose IVMP.

Our study has several limitations. First, it is a single-
center retrospective study based on data from medical records.
A prospective multicenter study is an ideal way of finding
predictors in any given disease. Second, the long-term clinical
efficacy of IVMP alone should be investigated. However, due
to ethical issues, second-line therapy was always performed to
rescue patients resistant to IVMP, making it difficult to conduct a
comparative study. Although the main criterion of the patients’
response to IVMP was retrospectively determined after data
collection, EDSS scores were prospectively obtained during the
long-term follow-up to ensure a reliable analysis in our center.
Third, further research on the comparisons between rescue
therapies, such as PLEX, IA, and IVIG, is needed to provide
personalized precision treatment for non-responders to steroids.
The correct time to initiate these aggressive procedures is another
question that needs to be answered, especially for patients with
non-severe attacks.
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Multiple sclerosis (MS), an autoimmune and degenerative disease, is characterized by
demyelination and chronic neuroinflammation. Bixin is a carotenoid isolated from the
seeds of Bixa orellana that exhibits various potent pharmacological activities, including
antioxidant, anti-inflammatory, and anti-tumor properties. However, the effects of bixin on
MS have not yet been examined. To evaluate the effects and underlying molecular
mechanisms of bixin on MS, experimental autoimmune encephalomyelitis (EAE) was
established in C57BL/6 mice, which were treated via intragastric administration of bixin
solutions. To evaluate the molecular mechanisms of bixin, quantitative reverse-
transcription PCR, western blot, immunohistochemistry, flow cytometry, and enzyme-
linked immunosorbent assay analyses were performed. We found that bixin significantly
improved the symptoms and pathology in EAE mice, reduced the release of inflammatory
cytokines TNF-a, IL-6, IL-8, IL-17, and IFN-g, and increased the expression of the anti-
inflammatory cytokine IL-10. And bixin reduced the proportion of Th1 and Th17 cells in the
spleen and CNS, and suppressed microglia aggregation, and TXNIP/NLRP3
inflammasome activity by scavenging excessive reactive oxygen species (ROS) in EAE
mice. Furthermore, bixin inhibited inflammation and oxidative stress via activating nuclear
factor erythroid 2-related factor 2 (NRF2), and its downstream genes in EAE mice,
meanwhile, these effects were suppressed upon treatment with an NRF2 inhibitor,
ML385. Bixin prevented neuroinflammation and demyelination in EAE mice primarily by
scavenging ROS through activation of the NRF2 signaling pathway. Taken together, our
results indicate that bixin is a promising therapeutic candidate for treatment of MS.

Keywords: bixin, experimental autoimmune encephalomyelitis, thioredoxin-interacting protein, NLRP3, nuclear
factor erythroid 2-related factor 2, reactive oxygen species
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Yu et al. Bixin Attenuates Experimental Autoimmune Encephalomyelitis
INTRODUCTION

Multiple sclerosis (MS) is a chronic autoimmune and degenerative
disease of the central nervous system (CNS), and the most
frequent cause of neurological disability in young adults (1). The
pathological changes in patients with MS are multifaceted,
including multiple demyelinating plaques, and are accompanied
by glial activation and axonal damage (2–6). Although many
studies have proposed possible molecular mechanisms and
therapeutic strategies for MS, its pathology is largely unknown,
involving apoptosis, oxidative stress, and inflammation. As such,
effective treatments remain elusive (7, 8).

A recent study has proven that the NLRP3 inflammasome
plays a pivotal role in the pathogenesis of neuroinflammation
and demyelination in EAE (5). The thioredoxin-interacting
protein (TXNIP)-NLRP3 inflammasome is a macromolecular
polyprotein complex, composed of TXNIP, NLRP3, the
junction protein ASC, as well as the effector protein caspase-1.
Excessive reactive oxygen species (ROS) accumulation, induced
by high glucose levels, increases TXNIP expression. Accumulated
TXNIP, in turn, activates the NLRP3 inflammasome,
consequently inducing the secretion of IL-1b and IL-18 as part
of the inflammatory response (9–12). Furthermore, activated
NLRP3 inflammasomes induce the expression of gasdermin D
(GSDMD), which leads to the release of numerous inflammatory
cytokines, exacerbating the detrimental inflammatory response
(13). Hence, blocking TXNIP-NLRP3 activity is expected to
alleviate neuroinflammation and demyelination.

Bixin is a natural chemo-preventive carotenoid isolated from
the seeds of Bixa orellana that is capable of crossing the blood-
brain barrier (14–16). Bixin is a lineal apocarotenoid of 25
carbon atoms with nine double bonds and has demonstrated
various potent pharmacological activities, including antioxidant,
anti-inflammatory, and anti-tumor properties (17, 18). Previous
studies have demonstrated that bixin can ameliorate high-fat-
diet-induced cardiac injury and PM2.5 particle-induced
lung injury through suppressing inflammation and oxidative
stress (19, 20). The present study evaluated the effects of
bixin on neuroinflammation and demyelination in a mouse
model of autoimmune encephalomyelitis, with the aim of
assessing whether bixin could serve as an effective therapeutic
compound for MS.
MATERIALS AND METHODS

Antibodies
The primary antibodies used for western blot assay and
immunohistochemical analysis were as follows: anti-GAPDH
(10494-1-AP), anti-CD3 (17617-1-AP), anti-MBP (10458-1-
AP), anti-IBA1 (10904-1-AP), anti-CD68 (28058-1-AP), and
horseradish peroxidase (HRP)-conjugated secondary antibodies
(SA00001-2) used for western blot analysis were purchased from
Proteintech (Wuhan, China); anti-Catalase (CAT, 14097), anti-
SOD2 (13141S) (Cell Signaling Technology, Danvers, MA, USA);
anti-3-Nitrotyrosine (3-NT, AB5411, Millipore); anti-NAD(P)H
dehydrogenase quinone 1 (NQO-1, ab34173), anti-NRF2
Frontiers in Immunology | www.frontiersin.org 237
(ab31163), anti-TXNIP (ab232330), anti-NLRP3 (ab4207),
anti-Caspase-1 (ab179515), anti-IL-18 (ab68435), anti-IL-1b
(ab2105), and anti-ASC (ab127537) were purchased from
Abcam (Cambridge, UK);. Cy3 goat anti-rabbit IgG (H+L)
(A0516) and Alexa Fluor 488 goat anti-mouse IgG (H+L)
(A0428) used for immunofluorescence analysis were purchased
from Beyotime (Shanghai, China). The SPlink detection kits used
for immunohistochemical analysis were purchased from ZSGB-
BIO Technology (SP-9000) (Beijing, China). The antibodies used
for flow cytometry analysis were as follows: PE-CYANINE anti-
mouse IL-17 (25–7177–80), PE-CYANINE anti-mouse IFN-g
(25-7311-82), FITC anti-mouse CD4 (11-0041-82) (eBioscience,
San Diego, CA, USA).

Establishment of the EAE Model
Seven-week-old female C57BL/6 mice were purchased from
Chengdu Dashuo Experimental Animal Company (Chengdu,
China). All animal procedures were approved by the Animal
Policy and Welfare Committee of Chengdu Medical College
(CDYXY-2019036). All mice were housed in a specific
pathogen-free facility with a 12-h light/dark cycle and provided
with regular food and water during the acclimatization period.

The EAE model was established as previously described (21).
Myelin oligodendrocyte glycoprotein35–55 (MOG35–55) peptide
(Hook Labs, USA) (200 mg) was dissolved in 100 ml of
phosphate-buffered saline (PBS) and emulsified with 100 ml of
complete Freund ’s adjuvant (CFA; Chondrex, USA)
supplemented with 400 mg Mycobacterium tuberculosis H37Ra
(Difco, BD Biosciences, USA). Next, the above emulsions were
subcutaneously injected into the mice (Day 1). Pertussis toxin
(PTX; List Biological Labs, Campbell, CA, USA) (300 ng) was
intraperitoneally administered on the first and third days
post-immunization.

Bixin Treatment
Animals were randomly divided into the following five groups:
healthy control (PBS, n = 5), EAE (n = 5), EAE + bixin (50 mg/
kg, once daily; n = 5), EAE + bixin (100 mg/kg, once daily; n = 5),
and EAE + bixin (200 mg/kg, once daily; n = 5). Bixin (6983-79-
5, MedChemExpress, Shanghai, China) was dissolved in
dimethyl sulfoxide (DMSO) at 2 g/ml and then diluted with
PBS. Starting at 12 days post-immunization, mice in the EAE +
bixin group were administered intragastrically with bixin
solutions (50, 100, or 200 mg/kg/day) for 18 days. On day 30
post-immunization, the mice from each group were euthanized,
the spinal cords, brains, spleens, and peripheral blood were
collected and used for further experiments.

NRF2 Inhibitor Treatment
The NRF2 inhibitor ML385 (MCE, Shanghai, China) was
dissolved in DMSO at 300 mg/ml and diluted with PBS (22).
Mice were randomly assigned to the following eight groups:
healthy control (PBS, n = 5), EAE (n = 5), EAE + bixin (100 mg/
kg, once daily; n = 5), bixin (100 mg/kg, once daily; n = 5),
ML385 (n = 5), ML385 + EAE (n = 5), ML385 + EAE + bixin
(100 mg/kg, once daily; n = 5), and ML385 + bixin (100 mg/kg,
once daily; n = 5). ML385 (30 mg/kg) pre-treatment
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was intraperitoneally administered 1 h before intragastric
administration of bixin.

Bodyweight and Behavioral Assessments
Clinical behavior scores of each group were evaluated as per the
following criteria: 0, without symptoms; 1, loss of tail tension; 2,
flaccid hind limb; 3, moderate hind limb paralysis; 4, paralysis of
both hind limbs and forelimbs, or accompanied with urinary and
fecal disorders; and 5, near-death state (2). The body weight was
recorded daily.

Hematoxylin and Eosin (H&E) and Luxury
Fast Blue (LFB) Staining
Mice were anesthetized using 0.6% pentobarbital sodium (40 mg/
kg), and the lumbar enlargements of spinal cords and the right
hemispheres of brains tissues were collected and fixed with 4%
paraformaldehyde (in PBS) for 24 h at room temperature,
dehydrated with an ethanol gradient and cleared with xylene,
subsequently embedded in paraffin, and then cut into 5-
mm sections.

To evaluate the degree of inflammatory cell infiltration, brain
sections and spinal cords were stained using an H&E staining kit
(Beyotime Biotechnology, Shanghai, China). The sections were
dewaxed and dehydrated, subsequently washed with PBS, and
then stained with hematoxylin and eosin for 2 min, respectively.
The inflammatory infiltration was evaluated as previously
reported (23), 0 = no inflammatory cells; 1 = a few scattered
inflammatory cells; 2 = organization of inflammatory infiltrates
around blood vessels; 3 = extensive perivascular cuffing with
extension into parenchyma.

The spinal cords were stained with LFB staining solution
(Solarbio, Beijing, China), to evaluate changes in demyelination.
The sections were stained with modified page staining solution
and page peach red dye solution, respectively, after being
dewaxed and dehydrated with an ethanol gradient. The
demyelination scores were evaluated as previously reported
(23), 0 = none; 1 = rare foci; 2 = a few areas of demyelination;
and 3 = large areas of demyelination. The images were randomly
captured at 20× magnification (XI 71 Olympus, Tokyo, Japan).

Bielschowsky Staining
To determine the degree of axon degeneration, the spinal cords
sections were stained using a Bielschowsky staining kit (Bioss,
Beijing, China). The sections were dewaxed and dehydrated,
subsequently washed with distilled water, and then stained with
Bielschowsky silver nitrate solution in a 37°C incubator for
30 min, Bielschowsky ammonia silver solution for 20 s, gold
chloride solution for 3 min, respectively. The images were
randomly captured at 20× magnification (XI 71 Olympus,
Tokyo, Japan).

Immunohistochemical Analysis (IHC)
IHC was performed using an SP link detection kit (ZSGB-BIO
Technology, Beijing, China). Tissue sections were dewaxed and
dehydrated and washed with PBS. Subsequently, the samples were
boiled in a citrate buffer (pH 6.0) for antigen retrieval and blocked
using 5% normal goat serum at 37°C for 1 h. The sections were
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then incubated at 4°C overnight with primary antibodies (1:200).
After washing with PBS, the sections were then incubated with the
corresponding secondary antibody for 30 min. Finally,
diaminobenzidine was used as the chromogen to visualize the
immunocomplexes, and then the sections were counterstained
with hematoxylin. Images of the random brain and spinal cord
sections were captured at 40× magnification and 20×
magnification, respectively (XI 71 Olympus, Tokyo, Japan).

Immunofluorescence Staining (IF)
The lumbar enlargements of spinal cords and the right hemispheres
of brains tissues were embedded in OCT and cut into 10-mm
sections for IFC staining. After washing with PBS, tissue sections
were blocked with 5% BSA for 30min at 37°C, and then incubated
overnight at 4°C with primary antibodies. After washing, the
sections were incubated with secondary antibodies Cy3 goat anti-
rabbit IgG (H+L) or Alexa Fluor 488 goat anti-mouse IgG (H+L)
(1:200) for 1 h at 37°C, and nuclei were stained with 4′,6-
diamidino-2-phenylindole (DAPI). Fluorescent images were
captured at 40× magnification with a fluorescence microscope.

Quantitation of Oxidative Stress
Dihydroethidium (DHE; Molecular Probes, Eugene, OR, USA)
staining was used to detect ROS levels in the lumbar
enlargements of spinal cords and the right hemispheres of
brains tissues. The sections were dewaxed and dehydrated with
an ethanol gradient, after washing with PBS (pH 7.4), tissue
sections were blocked using 5% BSA for 30 min at 37°C, and
stained with 5 mmol/L DHE (in PBS) for 30 min at 37°C. The
ROS levels in EAE mice, in the absence or presence of bixin, were
likewise evaluated by DHE staining. Finally, fluorescence images
of brain or spinal cord sections were randomly captured at 20×
magnification (XI 71 Olympus, Tokyo, Japan), and the
fluorescent intensity was analyzed by Image J software.

Cytokine Quantification via ELISA
Peripheral blood was collected and centrifuged at 3,000 rpm for
20 min, a portion of the serum was used for quantitating IL-1b,
IL-18, IL-17, and IFN-g levels by ELISA, while the remaining
serum maintained −80°C for further analysis. The corresponding
ELISA kits were used to assay IL-1b, IL-18, IL-17, and IFN-g
levels (MIBIO Biotechnology, Shanghai, China).

Measurement of Superoxide Dismutase
(SOD), Malondialdehyde (MDA)
The remaining serum of each mouse was used to detect the
activities of SOD and the levels of MDA (The Institute of
Biological Engineering of Nanjing Jiancheng, Nanjing, China).
The protocol was according to the manufacturer’s instructions.

Flow Cytometry
The CNS tissues and spleens were collected and mononuclear
cells (MNCs) were isolated as previously reported (23, 24). CNS
tissues were digested in dulbecco’s modified eagle medium
(DMEM) containing 2 mg/ml collagenase II (Sigma-
Aldrich, St. Louis, MO, USA) and 1 mg/ml DNAseI (Sigma-
Aldrich, St. Louis, MO, USA) at 37°C for 30 min; MNCs were
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prepared by passing the tissue through a 100 mm cell strainer and
density gradient centrifugation using Percoll (30/70%)(Sigma-
Aldrich, St. Louis, MO, USA); MNCs were collected from the
interface, washed, and resuspended in culture medium for
further analysis. Splenocytes were isolated from the spleens of
mice after being homogenized and passed through a 100 mm cell
strainer. To measure the percentages of Th1 and Th17 cells,
MNCs were stimulated with 50 ng/ml PMA, 500 ng/ml
ionomycin containing GolgiPlug™ (BD Biosciences, San Jose,
CA, USA) for 4 h at 37°C, then permeabilized with Perm/Fix
solution, next stained with IL-17 and IFN-g antibody at 4°C for
30 min, respectively; finally, the cells were stained with CD4
antibody at 4°C for 30 min. Cells were analyzed by BD Accuri C6
Flow cytometry (BD Biosciences, San Jose, CA, USA) and the
data was analyzed by BD Accuri C6 software (BD Biosciences,
San Jose, CA, USA).

Quantitative Reverse-Transcription PCR
(qRT-PCR)
Total RNA was extracted from the spinal cords tissue using a
total RNA extraction kit (Solarbio, Beijing, China) according to
the manufacturer’s instructions. Next, cDNA was synthesized
using an iScript cDNA synthesis kit (Bio-Rad, Hercules, CA,
USA). Nrf2, Cat, Nqo1, Txnip, Nlrp3, Asc, Casp1, Il18, Il1b, Il6,
Il8, Il10, Tnfa, Il17, Ifng, and Sod2mRNA levels were analyzed by
qRT-PCR with SYBR Green Supermix (Bio-Rad, Hercules, CA,
USA). The primers were synthesized by Shanghai Shenggong
and are listed in Table 1 (Actb was used as an internal control for
quantitation). The 2-DDCT method was used to calculate relative
mRNA levels.

Western Blot Assay
The spinal cords tissues were lysed in ice-cold RIPA lysis buffer
(Beyotime Biotechnology, Shanghai, China). The protein
concentration was determined using a BCA reagent kit
(Beyotime Biotechnology, Shanghai, China). Total protein
Frontiers in Immunology | www.frontiersin.org 439
(30 mg) was separated by 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis, and transferred onto PVDF
membranes (Millipore, Billerica, MA, USA). The membranes
were blocked in tris-buffered saline with 5% non-fat milk and
0.5% bovine serum albumin for 1 h at room temperature and
then incubated overnight at 4°C with primary antibodies
(1:1,000). After washing, the membranes were incubated with
secondary antibodies (1:5,000) for 1 h at 37°C. Blots were
visualized with the Chemiluminescent HRP substrate
(Millipore) and quantified with the Quantity 5.2 software
System (Bio-Rad).

Statistical Analyses
All data are expressed as mean ± SD. Statistical analysis was
performed using GraphPad Prism 7.0 software (GraphPad, San
Diego, CA, USA) with one-way ANOVA, followed by post-hoc
multiple comparisons with the Tukey’s test. Statistical
significance was considered as P < 0.05.
RESULTS

Bixin Attenuates the Symptoms
of EAE Mice
To evaluate the effects of bixin on the symptoms of EAE mice
(Figures 1A, B), daily weight changes and clinical behavioral
scores were recorded. The results showed that bixin treatment
significantly delayed the detrimental effects of EAE on body
weight (Figure 1C). Furthermore, bixin treatment dose-
dependently reduced the clinical symptoms in the EAE mice
(Figure 1D). At the same time, we found that EAE mice showed
severe clinical signs with flaccid tail and complete paralysis of the
hindlimbs; while, bixin-treated EAE mice only showed tail
paralysis (Figure 1E). These results indicated that the
appropriate dose of bixin to attenuate the symptoms of EAE
was 100 mg/kg, which was used for subsequent experiments.
TABLE 1 | Primer sequence information.

Gene Forward primer (5’!3’) Reverse primer (5’!3’)

Actb GTGCTATGTTGCTCTAGACTTCG ATGCCACAGGATTCCATACC
Il6 CTTGGGACTGATGCTGGTGACAAC AGGTCTGTTGGGAGTGGTATCCTC
Il8 CATGGGTGAAGGCTACTGTTGGC GCTTCATTGCCGGTGGAAATTCC
Tnfa TCTACTGAACTTCGGGGTGATCGG GTGGTTTGTGAGTGTGAGGGTCTG
Il10 CACTGCTATGCTGCCTGCTCTTAC TGGGAAGTGGGTGCAGTTATTGTC
Nrf2 TAAAGCACAGCCAGCACATTCTCC TGATGACCAGGACTCACGGGAAC
Nqo1 GCTGGTTTGAGAGAGTGCTCGTAG CCCGTGGACACCCTGAAGAGAG
Cat GGAGGCGGGAACCCAATAGGAG TCAAAGTGTGCCATCTCGTCAGTG
Nlrp3 GAGCTGGACCTCAGTGACAATGC ACCAATGCGAGATCCTGACAACAC
Casp1 CATCCTGTCAGGGGCTCACTTTTC CTATCAGCAGTGGGCATCTGTAGC
Asc GAAGTGGACGGAGTGCTGGATG CTTGTCTTGGCTGGTGGTCTCTG
Txnip CCCAGATACCCCAGAAGCTCCTC TGAGAGTCGTCCACATCGTCCAG
Il1b CAAGAGCTTCAGGCAGGCAGTATC AGGTCCACGGGAAAGACACAGG
Il18 GGCTGCCATGTCAGAAGACTCTTG AGTGAAGTCGGCCAAAGTTGTCTG
Sod2 AGCCGTGTCTGTGGGAGTCC AGAGCAGGCAGCAATCTGTAAGC
Il17 GCCAAGGACTTCCTCCAGAATGTG TGGAACGGTTGAGGTAGTCTGAGG
Ifng AGGAACTGGCAAAAGGATGGTGAC GTTGTTGCTGATGGCCTGATTGTC
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Bixin Reduces the Inflammation
and Demyelination in EAE Mice
Previous studies have indicated that inflammation and
demyelination are the primary features in EAE mice (5). Our
results showed that EAE significantly increased the number of
inflammatory cells and inflammation scores in the brain, however,
bixin treatment noticeably reduced both of these effects (Figure
2A). Since the multiple inflammatory cells in the CNS which is
important in MS study. Microglia are the main mediators of
neuronal inflammation (25) and the lysosomal protein CD68 is
highly expressed on the surface of activated microglia (5), we
evaluated the co-localized expression of IBA1 and CD68 by IF. In
line with the above results, although EAE significantly upregulated
the levels of IBA1 and CD68, bixin treatment remarkably
suppressed this phenotype (Figure 2B). And we detected the
expression of CD3+ cells by IHC, the results showed that EAE
significantly increased the expression of CD3+ cells, bixin
significantly decreased the expression of CD3+ cells (Figure 2C).

Given that inflammatory cytokines play key roles in
inflammation, we also evaluated the levels of several cytokines
by qRT-PCR in the spinal cords and found that the mRNA levels
of pro-inflammatory cytokinesr TNF-a, IL-6, and IL-8, were
markedly increased in the spinal cords of EAE mice, while that of
the anti-inflammatory cytokine IL-10 was decreased. Meanwhile,
bixin treatment reduced the mRNA levels of TNF-a, IL-6, and
IL-8, and increased that of IL-10 (Figures 2D–G).
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Furthermore, LFB staining revealed that bixin treatment
reduced the level of spinal cord demyelination in EAE mice
(Figure 2H). Similarly, IF staining showed that bixin-treated
EAE mice had significantly increased expression of MBP, a
structural protein of myelin (Figure 2I). Meanwhile, we
determined the degree of axon degeneration in the CNS by
Bielschowsky staining. The results showed that bixin treatment
significantly decreased the degree of axon degeneration
(Figure 2J).

Bixin Reduces the Percentages of Th1
and Th17 Cell Subsets
Previous studies have demonstrated that T helper (Th) 1 and
Th17 cells are responsible for the inflammatory demyelination in
both MS and EAE. Th 1 cells primarily produce pro-
inflammatory cytokines IFN-g, while Th 17 cells secrete IL-17
(24, 26). Therefore, we evaluated the proportions of Th1 and
Th17 cell subsets in the spleen and CNS by flow cytometry. Both
Th1 and Th17 cell subsets in the spleen and CNS of EAE mice
were significantly increased compared to the control group,
while bixin treatment remarkably reduced the proportion of
both cell subsets (Figures 3A, B). Meanwhile, we quantified the
IFN-g and IL-17 levels by qRT-PCR and ELISA, and found that
EAE significantly upregulated the levels of IFN-g and IL-17,
while bixin treatment remarkably reduced the expression of both
(Figures 3C–F).
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FIGURE 1 | Bixin attenuates the symptoms of EAE mice (A). Chemical structure of bixin (B). Study procedure (C). Body weight and (D) clinical behavior scores of
the EAE mice (E). Representative images show behavioral symptoms of EAE mice in each group. Black arrows present limp tail or hind limb paralysis. Data shown in
graphs represents the means ± SD (n = 5). **P < 0.01, vs. control group; ##P < 0.01, vs. EAE group.
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FIGURE 2 | Bixin reduces the inflammation and demyelination in EAE mice (A). H&E staining showing inflammatory cell infiltration in the brain, as well as the
inflammation scores. Scale bars: 100 mm (B). Representative IF images of IBA1 and CD68 in brain sections showing the activated microglia. Scale bars: 50 mm (C).
Representative IHC images of CD3+ cells in the spinal cord. Scale bars: 100 mm (D–G). mRNA expression of the inflammatory cytokines IL-6, IL-8, IL-10, and TNF-a
were quantitated by qRT-PCR (H). LFB staining showing demyelination in the spinal cord, as well as the demyelination scores. Scale bars: 100 mm (I). IF staining of
MBP in the spinal cords. Scale bars: 100 mm (J). Bielschowsky staining showing the degree of axon degeneration. Scale bars: 100 mm. Data shown in graphs
represents the means ± SD (n = 5). **P < 0.01, vs. control group; ##P < 0.01, vs. EAE group.
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FIGURE 3 | Bixin reduces the proportion of Th1 and Th17 cell subsets. Subsets of Th1 and Th17 cells in CD4+ gate were analyzed by intracellular staining for IFN-g
and IL-17, respectively, in MNCs from the spleen (A) and CNS (B). (C, D). mRNA expression of the inflammatory cytokines IFN-g and IL-17 were quantitated by
qRT-PCR (E–F). IFN-g and IL-17 levels in serum were measured by ELISA. Data shown in graphs represents the means ± SD (n = 5). **P < 0.01, vs. control group;
##P < 0.01, vs. EAE group.
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Bixin Suppresses Activation of the TXNIP/
NLRP3 Inflammasome in EAE Mice
To clarify whether bixin suppresses the inflammatory response
in EAE mice by inhibiting the activation of the TXNIP/NLRP3
inflammasome, we evaluated the individual protein component
levels for this complex in the spinal cords by western blotting.
The results showed that TXNIP, NLRP3, ASC, caspase-1, IL-1b,
and IL-18 levels were increased in EAEmice, and bixin treatment
suppressed this effect (Figure 4A). The same results were
observed for the mRNA levels of these components by qRT-
PCR (Figures 4B–G). Furthermore, IL-1b and IL-18 levels in
serum were increased in EAE mice, and bixin treatment reduced
Frontiers in Immunology | www.frontiersin.org 843
their upregulation (Figures 4H, I). These findings were
corroborated by IHC; although NLRP3 were highly expressed
in the CNS of EAE mice, bixin treatment remarkably inhibited
their expression (Figures 4J, K).

Bixin Inhibits Oxidative Stress in EAE Mice
To elucidate whether the anti-inflammatory effect of bixin
occurred through an anti-oxidative effect, we evaluated the
ROS levels in the brain and spinal cord by DHE staining. The
results showed that ROS levels were significantly increased in
EAE mice, and bixin treatment alleviated this oxidative stress
(Figure 5A). Additionally, western blotting results showed that
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FIGURE 4 | Bixin suppresses the activation of the TXNIP/NLRP3 inflammasome in EAE mice (A). The protein levels of TXNIP/NLRP3 inflammasome components
were assessed by western blotting (B–G). mRNA expression of TXNIP/NLRP3 inflammasome components were quantitated by qRT-PCR (H, I). IL-1b and IL-18
levels in serum were measured by ELISA. Representative IHC images of NLRP3 in brain sections (J) (Scale bars: 50 mm) and spinal cord sections (K) (Scale bars:
100 mm), and the quantitative results are shown. Data shown in graphs represents the means ± SD (n = 5). *P < 0.05, **P < 0.01, vs. control group; #P < 0.05,
##P < 0.01, vs. EAE group.
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the level of the oxidative damage marker 3-NT in EAE mice was
reduced by bixin treatment (Figure 5B). Furthermore, bixin
treatment reduced the level of MDA, while increasing the
expression of SOD in EAE mice (Figures 5C, D).

Bixin Activates the NRF2 Signaling in EAE
Mice
Since NRF2 plays a critical role in oxidative stress response (27),
we next assessed the effect of bixin on NRF2. To this end, we
evaluated the levels of NRF2 signaling components by western
blotting and found that although the levels of NRF2, and its
downstream proteins, catalase, NQO-1, and SOD2 were reduced
in EAE mice, bixin treatment significantly upregulated their
expression (Figure 6A). Similarly, the mRNA levels had the
same trends in expression (Figures 6B–E). Furthermore, IHC
indicated that NRF2 expression was significantly reduced in EAE
mice, and bixin treatment reversed this phenotype (Figures
6F, G).

To confirm the pivotal role of NRF2 in the bioactivity of bixin,
the NRF2 inhibitor ML385 was intraperitoneally administered
1 h before intragastric administration of bixin, which
significantly decreased the expression of NRF2 and its
downstream genes, and increased the levels of ROS (Figures
7A, B, E, F) and inflammation (Figures 7C, D, G, H). However,
bixin could not reverse this phenotype in ML385-treated EAE
mice (Figure 7).
Frontiers in Immunology | www.frontiersin.org 944
DISCUSSION

MS is a characteristic autoimmune inflammatory demyelinating
disease of the CNS that significantly impacts the quality of life of
those affected (28). While numerous drugs are available for MS
treatment, their efficacy remains unsatisfactory. Hence,
numerous researchers have sought to better understand the
pathophysiology of this disease to inform the design of
improved therapeutics. To this end, Dang C et al. (29)
reported that upregulating PGC-1a significantly improves the
survival ability of neurons in EAE via inhibiting oxidative stress.
Additionally, ghrelin decreases neuroinflammation and
demyelination by inhibiting the NLRP3 inflammasome activity
(5). In this study, we similarly demonstrated that NLRP3
inflammasome activity and oxidative stress were the key
factors in EAE development.

Bixin is a natural carotenoid with multiple bioactivities.
Previous studies have shown that bixin has anti-inflammation,
anti-tumor, and anti-oxidative effects (30–34). Xu Z et al. (19)
have found that bixin attenuates cardiac injury by inhibiting
inflammation and oxidative stress in a high-fat-diet mouse
model. In this study, we found that bixin, a natural carotenoid,
suppressed inflammatory cell infiltration and the levels of TNF-
a, IL-6, IL-8, IL-17, and IFN-g, while upregulating the expression
of IL-10. Microglia are resident immune effector cells in the brain
that are easily activated resulting in chronic neuroinflammatory
A
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FIGURE 5 | Bixin alleviates oxidative stress in EAEmice (A). The level of reactive oxygen species (ROS) in the brain and spinal cord tissues was assessed by DHE staining, and the
quantitative results are shown. Scale bars: 100 mm (B). The protein level of 3-NT in the CNS tissues was assessed by western blotting, and the quantitative results are shown (C).
The activities of SOD and (D) the levels of MDA in the serum. Data shown in graphs represents the means ± SD (n = 5). **P < 0.01, vs. control group; ##P < 0.01, vs. EAE group.
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FIGURE 6 | Bixin activates the NRF2 signaling in EAE mice (A). The protein levels of NRF2 and downstream genes Catalase, NQO-1, and SOD2 in the brain tissues
were assessed by western blotting, and the quantitative results are shown (B–E). mRNA expression of NRF2, Catalase, NQO-1, and SOD2 in the CNS tissues were
quantitated by qRT-PCR. IHC of NRF2 in brain sections (F) (Scale bars: 50 mm) and spinal cord sections (G) (Scale bars: 100 mm). Data shown in graphs represents
the means ± SD (n = 5). *P < 0.05, **P < 0.01, vs. control group or ML385 group; ## P < 0.01, vs. EAE group or EAE + ML385 group.
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reaction in the brain. What’s more, these cells are closely
associated with the development of neurodegenerative diseases,
such as Alzheimer’s disease (31, 35). In our study, we found that
EAE upregulated the expression of IBA1 and CD68, markers of
activated microglia; however, bixin was found to reduce
microglia activation in the brain. And bixin significantly
decreased the expression of CD3+ cells. These results indicated
that bixin improved the symptoms in EAE mice and reduced
demyelination by inhibiting inflammatory cell infiltration and
the production of inflammatory cytokines.

Autoreactive pathogenic T lymphocytes have also been
described as being closely related to the development and
progression of MS and EAE (26). Specifically, activated CD4+
T cell subsets produce a large number of inflammatory
mediators, such as ROS, which induces subsequent oxidative
stress and inflammatory demyelination in EAE. Recent studies
Frontiers in Immunology | www.frontiersin.org 1146
have found that CD4+ T subsets play key roles in MS and EAE
pathogenesis, including Th1 cells, which primarily secrete pro-
inflammatory cytokines IFN-g, and Th17 cells, which produce
IL-17 (23, 24, 26, 36). In our study, we found that EAE increased
the proportion of Th1 and Th17 cell subsets in the spleen and
CNS, resulting in corresponding increased levels of IL-17 and
IFN-g, while bixin treatment markedly inhibited these effects.
These results indicated that bixin reduced neuroinflammation in
EAE via an immune regulatory mechanism.

The TXNIP/NLRP3 inflammasome plays a key role in the
pathogenesis of various diseases (32, 34, 37, 38). Chen W. et al.
(9) indicated that minocycline improves diabetic retinopathy by
inhibiting the TXNIP/NLRP3 inflammasome pathway, and
vitamin D3 attenuates diabetic retinopathy by inhibiting
high-glucose-induced ROS/TXNIP/NLRP3 inflammasome
pathway (39). Emerging evidence suggests that the NLRP3
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FIGURE 7 | Bixin suppressed the production of ROS and inflammation in EAE mice by activating NRF2 signaling. The level of reactive oxygen species (ROS) in the brain
tissues (A) and spinal cord tissues (B) was assessed by DHE staining, as well as the quantitative results (E, F). Scale bars: 100 mm. H&E staining showing inflammatory
cell infiltration in the brain (C) (scale bars: 100 mm) and the spinal cord (D) (scale bars: 500 mm), as well as the inflammation scores (G, H). Data shown in graphs
represents the means ± SD (n = 5). *P < 0.05, **P < 0.01, vs. control group or ML385 group; # P < 0.05, ## P < 0.01, vs. EAE group or EAE + ML385 group.
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inflammasome, composed of NLRP3, ASC, and caspase-1, plays
a critical role in the pathogenesis of MS and EAE (40, 41). And
recent researches have reported that NLRP3 inflammasome
inhibitor JC-171 and OLT1177 were a potential therapeutic
agent for MS (34, 42). Liu F et al. (5) found that Ghrelin
attenuated MS by suppressing the activation of NLRP3
inflammasome. In the present study, we also found that the
TXNIP/NLRP3 inflammasome components were upregulated
in EAE mice, and bixin significantly downregulated the
expression of TXNIP and NLRP3 at both the mRNA and
protein levels. These results indicated that bixin reduced
neuroinflammation in EAE by suppressing the activation of the
TXNIP/NLRP3 inflammasome.

Recent studies have reported that oxidative stress is one of the
main causes of CNS dysfunction in MS (27). ROS are also the
main mediators of oxidative stress and initiators of the TXNIP/
NLRP3 inflammasome (43–45). In our study, we found that
bixin attenuated ROS accumulation, downregulated the
expression of oxidative damage marker 3-NT and the levels of
MDA in EAE mice, and increased the expression of SOD. These
results indicated that bixin suppressed the activation of the
TXNIP/NLRP3 inflammasome through the attenuation of
oxidative stress.

NRF2, an important redox sensor, binds to antioxidant
response elements and counteracts the production of ROS by
activating the expression of many antioxidant genes (46, 47).
Meanwhile, bixin has been reported to alleviate photodamage
and hair graying by activating NRF2 signaling (48); and to
promote tissue repair and improve pulmonary injury induced
by particle exposure in a NRF2-dependent manner (20, 49). In
our study, the results showed that bixin markedly upregulated
NRF2 and its downstream antioxidant target genes in EAE mice.
These results indicated that bixin suppressed the production of
ROS by activating NRF2 signaling. Furthermore, we found that
the protective role of bixin was dependent on NRF2 activation, as
the NRF2 inhibitor ML385 caused near complete abrogation of
the effects elicited by bixin on ROS attenuation. Therefore, these
findings indicated that bixin prevented neuroinflammation and
demyelination in EAE mice primarily by scavenging ROS
through activation of the NRF2 signaling pathway.
CONCLUSIONS

Bixin inhibits the TXNIP/NLRP3 inflammasome and activates
the NRF2 signaling pathway in EAE mice. While bixin may be a
possible therapeutic strategy for MS, further mechanistic studies
in vitro are necessary.
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Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis is an autoimmune disorder
mediated by NMDAR antibodies, typically manifesting as behavioral complaints,
psychosis, seizures, movement disorders, hypoventilation, and autonomic dysfunction.
In recent years, the predisposing factors and pathophysiological mechanisms of anti-
NMDAR encephalitis have been tried to be clarified. It has been recognized that an overlap
may be observed between anti-NMDAR encephalitis and inflammatory demyelinating
disease. However, anti-NMDAR encephalitis is rarely associated with multiple sclerosis.
Here, we describe a Chinese female patient diagnosed with relapsing remitting multiple
sclerosis who developed anti-NMDAR encephalitis. Further, we discuss the previously
reported literature.

Keywords: anti-NMDA receptor encephalitis, multiple sclerosis, atypical symptoms, overlap, anti-NMDA antibody
INTRODUCTION

Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis is an autoimmune disorder that is
mediated by NMDAR antibodies. It is characterized by the manifestation of behavioral complaints,
psychosis, seizures, movement disorders, hypoventilation, and autonomic dysfunction (1). It has
been recognized that an overlap may be observed between anti-NMDAR encephalitis and
inflammatory demyelinating disease, particularly with neuromyelitis optical spectrum disorder,
myelin oligodendrocyte glycoprotein associated disorders, and acute demyelinating
encephalomyelitis (2). However, it is seldom associated with multiple sclerosis (MS). Here, we
report a female patient diagnosed with relapsing remitting multiple sclerosis (RRMS) who
developed anti-NMDA-R encephalitis. To the best of our knowledge, the overlapping of the two
diseases has not been reported previously in Chinese patients.
Abbreviations: NMDAR, N-methyl-D-aspartate receptor; MS, multiple sclerosis; RRMS, relapsing remitting multiple
sclerosis; MRI, magnetic resonance imaging; CSF, cerebrospinal fluid; IgG, Immunoglobulin G.
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CASE DESCRIPTION

Figure 1 provides a graphical presentation of the case. A Chinese
female presented with vision loss in the right eye and left limb
paralysis in June 2012 at the age of 16. Figures 2A–C shows a
brain magnetic resonance imaging (MRI) scan performed at that
time. Brain MRI showed multiple T2-hyperintense lesions and
some of the lesions obtained with gadolinium enhancement. One
oligoclonal immunoglobulin G (IgG) band was found in the
cerebrospinal fluid (CSF). She was diagnosed with MS and
received immunoglobulin therapy resulting in complete
recovery. One year later, the patient had another inflammatory
demyelinating attack, with complaints of new-onset numbness of
the left limb and vision loss in the right eye again in July 2013. She
was administered with interferon b-1a for one year and
maintained a clinically stable status until 2018. She experienced
a spinal demyelinating episode in April 2018. Intravenous high-
dose methylprednisolone pulse and intravenous immunoglobulin
therapy were effective, she was discharged without neurological
deficits and she remained free of relapses. According to the revised
McDonald criteria (3), the diagnosis of RRMS was made.

At the age of 19, the patient was presented to our department on
January 18, 2020 due to behavioral complaints, psychosis disorder,
sleep dysfunction, and seizures that lasted for 15 days. She had also
developed confusion, aggression, catatonia, memory deficit, and
visual hallucinations within a few days. She exaggerated that she
earned over 10,000RMBmonthly by livebroadcast (family denied).
She also presented with abnormal movements affecting the right
limb and mandible. During the admission, the patient developed
multiple episodes of psychomotor agitation and was unresponsive
to a combination of neuroleptics and benzodiazepines.
Neurological examination revealed intermittent and illogical
Frontiers in Immunology | www.frontiersin.org 251
speech, memory and cognition decreased significantly. Visual
field testing showed no deficits. There were no cranial nerve
abnormalities. Motor testing showed 5/5 strength in the upper
and lower extremities, and deep tendon reflexes were normal in all
limbs. The patient had no sensory deficits as well as pathological
reflexes. Her score was 19/30 on the Montreal Cognitive
Assessment scale, suggesting severe cognitive impairment. Brain
MRI demonstrated multiple T2 hyperintense lesions (juxtacortical,
periventricular, left brachium pontis), with some lesions appearing
as “fried egg sign” (Figures 2D, E). Some brain MRI scans with
enhancement lesions appeared as “open ring sign” (Figure 2F,
arrowhead).Upon comparisonof theMRI scans to those fromeight
years ago, an obvious increase of the lesion loadwas noted. Tests for
metabolic encephalopathies were negative: complete blood cell
count, erythrocyte sedimentation rate, C-reactive protein, folic
acid, vitamin B12, liver and kidney function tests, antinuclear
antibody, antithyroglobulin, antithyroperoxidase antibodies,
ceruloplasmin, and laboratory tests for toxicology. Human
immunodeficiency virus and rapid plasma regain were negative.
CSF examination showed a mild lymphocytic pleocytosis (26 cells
per uL) [normal range: 0–20], normal protein level (0.307 g/L)
[normal range: 0.15–0.45], normal glucose level (4.92 mmol/L)
[normal range: 3.80–6.1] and positive oligoclonal bands, which was
not observed in corresponding serum. CSF Gram staining and
culture yieldednegative results. Immunological analyses usingfixed
cell-based assayswere positive for specific anti-NMDARantibodies
inboth theCSF (IgGagainst theNR1 subunit, 1:32) and serum (IgG
against the NR1 subunit, 1:32). Tests for other autoimmune
encephalitis and onconeural antibodies were negative both in the
CSF and serum, including a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid, mGluR5, g-aminobutyric acid B, leucine-
rich glioma-inactivated 1, contactin-associated protein-like 2,
FIGURE 1 | Disease course of the patient. MRI, Magnetic resonance imaging; OB, oligoclonal immunoglobulin bands; MS, multiple sclerosis; RRMS, relapsing
remitting multiple sclerosis; Anti-NMDAR encephalitis, Anti-N-methyl-D-aspartate receptor encephalitis; Anti-AQP4 ab, Anti-aquaporin 4 antibody; Anti-MOG ab, Anti-
myelin oligodendrocyte glycoprotein antibody; anti-NMDAR ab, Anti-N-methyl-D-aspartate receptor antibody.
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dipeptidyl-peptidase-like protein 6, glutamate decarboxylase 65,
Hu, Yo, Ri, Ma2/Ta, and CV2/CRMP5. No informative
autoantibodies were detected in the CSF and serum paraneoplastic
evaluation.Tests foranti-aquaporin4andanti-myelinoligodendrocyte
glycoprotein were revealed negative for both antibodies using fixed
cell-based assays. A long-term video-electroencephalography showed
high amplitude slow wave activities, bilateral forehead-frontal-
temporal-occipital focus, and singular as well as grouped spike-wave
complexes with abnormal rhythmizing. Various examinations,
including antibodies for tumor markers, paraneoplastic syndromes,
abdominalandpelviccomputedtomographyscans,andultrasoundsof
the reproductive system, were performed to exclude neoplasm
associated with anti-NMDA receptor encephalitis; each of these
results was negative.
Frontiers in Immunology | www.frontiersin.org 352
DIAGNOSTIC ASSESSMENT

The patient was diagnosed with anti-NMDAR encephalitis
overlapping with MS and administered with pulse therapy of
immunoglobulin (IVIG, 0.4 g/kg) for 5 days, methylprednisolone
(1 g/day) for 5 days (the dosage was decreased every 5 days),
followed by oral prednisolone (30mg/day), olanzapine (5mg/day),
and levetiracetam (1 g/day).After onemonth, of hospitalization the
patient’s clinical status had significantly improved with the
exception of abnormal movements and sleep disorder. She was
discharged without neurological deficits, psycho-behavioral
symptoms, or epileptic seizures 2 months later.

During the follow-up 4 months later, the patient complained
of slight headache and vision loss of the right eye and was
FIGURE 2 | Magnetic resonance imaging findings. MRI performed in July 2012 demonstrated multiple T2 hyperintense lesions (periventricular, juxtacortical,
thalamus, basal ganglia, caudex cerebri) (A, B), some of them obtained with gadolinium enhancement [(C), arrowhead]. Repeated MRI in Jan 2020 revealed multiple
T2 hyperintense lesions (juxtacortical, periventricular, left brachium pontis), with some lesions appearing as “fried egg sign” (D, E). Some of them with enhancement
lesions appeared as “open sing sign” [(F), arrowhead]. MRI in May 2020 exhibited multiple FLAIR hyperintense lesions (periventricular, juxtacortical, left caudex
cerebri, left temporal lobe) (G, H), with a left temporal lobe lesion showing gadolinium enhancement [(I), arrowhead]. MRI, Magnetic resonance imaging; FLAIR, fluid
attenuated inversion recovery.
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admitted to our hospital again. The findings from thorough
neurological and psychiatric examinations were unremarkable,
except for right visual loss. Her score was 30/30 on the Montreal
Cognitive Assessment scale. Repeat CSF analysis revealed values
within normal limits: white blood cells, 3 cells per uL [normal
range: 0–20], primary mononuclear cells; total protein, 0.197 g/L
[normal range: 0.15–0.45]; and glucose, 3.82 mmol/L [normal
range: 3.80–6.1]). Upon testing for anti-NMDAR antibodies in
the CSF using fixed cell-based assays, a 1:1 titer was revealed.
Brain MRI showed contrast-enhancing lesions (Figures 2G–I)
and she eventually started treatment in May 2020. Following a
methylprednisolone pulse therapy complete remission was
reached. The patient did not consider commencing disease-
modifying treatment again due to economic reasons.
LITERATURE REVIEW

A literature search was conducted using the PubMed database.
The following combinations of search terms were used: “multiple
sclerosis and anti-N-Methyl-D-Aspartate Receptor Encephalitis”,
“multiple sclerosis and anti-NMDAR encephalitis”. The search
was limited to articles in English. Available data in the form of
abstracts or full-text articles and related citations and references
were reviewed.
DISCUSSION

We describe a case diagnosed with RRMS who developed anti-
NMDA-R encephalitis during the MS exacerbation phase. The
clinical courses of the patient described in the report was
compatible with that of MS, coupled with MRI evidence of
dissemination in time and space, fulfilling both clinical and
radiological criteria for RRMS (3). However, one of her
relapsing MS courses was characterized by fulminant
neuropsychiatric symptoms, including psychosis disorder,
seizures, movement disorder, and sleep dysfunction, which are
the “red flag” symptoms of anti-NMDA-R encephalitis (4) instead
of MS. The occurrence of atypical symptoms of MS should raise
suspicion of an autoimmune etiology and lead to inclusion of
autoimmune encephalitis as another diagnosis. In our case, to
investigate further for evidence, the anti-NMDAR antibodies were
tested and the anti-GluR1 antibody highly specific for anti-
NMDAR encephalitis was found to be positive, suggesting the
diagnosis of anti-NMDAR encephalitis with overlapping MS.
Anti-NMDA-R encephalitis cannot be ruled out when MS is
combined with atypical symptoms (e.g., psychiatric symptoms,
epilepsy, and movement disorder). Detection of antibodies related
to autoimmune encephalitis is the key to efficient identification.

Besides, it is well-known that the differential diagnosis of
multiple intracranial lesions is a challenging task. Although our
case presented typical imaging findings of MS (e.g., “fried egg
sign,” “open ring sign”), these features are neither specific nor
unique. Moreover, NMDAR encephalitis can also present
radiologically with multiple sclerosis-like demyelinating lesions
(5). While an MS relapse may have been suspected, the clinical
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findings were largely consistent with NMDAR encephalitis.
Therefore, it is not certain whether the acute MS relapse was
accompanied by NMDA encephalitis.

The coexistence between anti-NMDAR encephalitis and MS
had been reported in a few cases. The results of the literature review
and the present case are shown inTable 1. Among the eight patients
studied, two were males and six females. The average age was 31.3
years. The first case was reported from Japan (7), along with two
from Germany (8, 9), three from England (6, 10) and one from
Turkey (11). Our patient was the first case from China. In two
patients, the symptoms of anti-NMDAR encephalitis preceded
those of MS, while in six patients the trajectory opposite. In our
case, anti-NMDAR encephalitis and MS exacerbation were
observed simultaneously. All brain MRI findings were consistent
with MS. Interestingly, no patient developed tumors and five of
them showed good clinical prognoses. Two more cases were
reported, one in a retrospective case-control study (only one
patient with RRMS was found in 89 patients with demyelinating
disorders) (12) and another in a review (only one patient was
diagnosed with MS among 691 patients diagnosed with anti-
NMDAR encephalitis) (13). In general, overlapping anti-
NMDAR encephalitis with MS was found to be rare.

Is theoverlapofanti-NMDARencephalitis andMS incidental or
related? There may be a possible link between these diseases, and
concurrent autoimmune responses may be important for the
development of anti-NMDAR encephalitis (2). To our knowledge,
two confirmed triggers of anti-NMDAR encephalitis are tumor
(mostly ovarian teratomas) (1, 14) and viral herpes encephalitis
(mostly simplex herpes encephalitis) (15). Another possible
hypothesis is that inflammatory demyelination may be a trigger
for approximately 5% of patients with anti-NMDAR encephalitis
with clinical or radiological evidence of a demyelinating disorder,
particularly with neuromyelitis optical spectrum disorder and
myelin oligodendrocyte glycoprotein-associated disorders (2, 14).
These studies suggest associations between the two autoimmune
disorders that have clinical implications. Patients with an overlap
between these demyelinating disorders often have a history of
episodes of encephalitis or demyelinating syndromes and a
relatively good prognosis (16). These patients are less likely to
have an underlying tumor (16), suggesting that patients with non-
paraneoplastic forms are prone to autoimmune disorders (2). The
mechanisms connecting anti-NMDAR encephalitis with
demyelinating disorders remain unclear. Both molecular mimicry
and the breakdown of immunologic tolerance toward NMDARs
released following neuronal damage have been described as possible
mechanisms (8, 17, 18). MS is a demyelinating disorder, although
its association with NMDA is rare, it still considered to be a related
factor. The mechanism by which MS might give rise to anti-
NMDAR encephalitis is uncertain, but the interaction between
antigens of the central nervous system and intrathecal immune
response has been conjectured (17, 18), which is that MS might
expose antigens of the neurons and activate the intrathecal immune
response concurrently. In our case, the patient did not receive
sustained immunomodulatory therapy, which might have led to
an exposure to neuronal antigens with possible implications for the
recurrent demyelinating activity and anti-NMDA encephalitis.
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Also, another hypothesis is that the use of multiple
immunosuppressive therapies in MS may be related with
immune-dysregulation and associated with autoimmune
encephalitis in selective individuals (11). In a previous reported
case, a retrospective diagnosis of anti-NMDAR encephalitis was
made six years after a female patient diagnosed with RRMS had
presented with severe cognitive impairment (9). The patient had a
fulminant relapse and an increase of the anti-NMDAR IgG titer in
the CSF after cessation of natalizumab administration. CD138+
plasma cell levels in the CSF of natalizumab-treated patients with
MS are significantly lower compared with those of patients with
other neurological diseases and untreated patients with MS but
increase after discontinuation of natalizumab (19). Therefore, it
seems plausible that natalizumab withdrawal facilitates entry of
NMDAR antibody-producing plasma cells into the central
nervous system (8). In our case, this possibility did not have to
be considered since her overall immunotherapy was rather
minimal with no ongoing immunomodulatory therapy.

CONCLUSION

We describe a Chinese female patient diagnosed with relapsing
remitting multiple sclerosis who developed anti-NMDAR
encephalitis. Anti-NMDAR encephalitis should be considered
when MS patients present atypical symptoms (e.g., psychiatric
symptoms, epilepsy, and movement disorder), and testing for anti-
NMDAR antibodies is needed in such situations. Our observations
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suggest that there might be a possible link between anti-NMDAR
encephalitis and MS. Recognition of these associations is important
to avoid misdiagnoses and refine the treatment.
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Course Country Author Age/
sex

Onset Tumor NMDAR
Ab

Other
immunology

findings

MRI findings Treatment Prognosis

NMDAR-
>MS

England Baheerathan
et al. (6)

32
years/
F

Encephalopathy,
seizures, abnormal
movements

No In sera
(+)

OB (+),
AQP4 (-),
MOG (-)

Consistent
with
demyelination

Not tolerated
immunotherapy,
improved spontaneously

Persisting
cognitive
impairment

NMDAR-
>MS

England Baheerathan
et al. (6)

29
years/
M

Psychosis, seizures No In sera
(+)
In CSF
(+)

OB (+) Consistent
with
demyelination

None, improved
spontaneously

Good

MS-
>NMDAR

Japan Uzawa et al.
(7)

33
years/
F

Fatigue, seizures, lost
consciousness,
Psychosis

No In sera (-)
In CSF
(+)

AQP4 (-) Consistent
with MS

IVMP Good

MS-
>NMDAR

Germany Waschbisch
et al. (8)

33
years/
M

Paroxysmal tingling,
tonic spasms

No In sera
(+)

OB (+),
AQP4 (-)

Consistent
with MS

Rituximab Good

MS-
>NMDAR

Germany Fleischmann
et al. (9)

33
years/
F

Memory lost, cognitive
deterioration,
delusions

No In sera (-)
In CSF
(+)

OB (+) Consistent
with MS and
atrophy

Plasmapheresis,
corticosteroids,
mitoxantrone, IVMP

Bad

MS-
>NMDAR

England Suleman
et al. (10)

41
years/
F

persecutory delusions,
visual hallucinations,
odd behaviour

No In sera
(+)

OB (+) Unremarkable Plasmapheresis,
Rituximab, IVIG

Problems with
short-term
memory

MS-
>NMDAR

Istanbul Gulec et al.
(11)

26
years/
F

Confusion, agitation,
hallucinations

No In sera
(+)

OB (+),
AQP4 (-),
MOG (-)

Consistent
with MS

Plasmapheresis,
Rituximab, IVMP, IVIG

Good

MS-
>NMDAR

China Our case 19
years/
F

Psychosis, abnormal
movement, seizures

No In sera
(+)
In CSF
(+)

OB (+),
AQP4 (-),
MOG (-)

Consistent
with MS

IVMP,
IVIG

Good
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OB, oligoclonal immunoglobulin bands; MS, multiple sclerosis; RRMS, relapsing remitting multiple sclerosis; NMDAR, Anti-N-methyl-D-aspartate receptor encephalitis; AQP4, Anti-
aquaporin 4 antibody; MOG, Anti-myelin oligodendrocyte glycoprotein antibody; M, male; F, female; IVMP, intravenous methylprednisolone; IVIG, intravenous immunoglobulin; CSF,
cerebrospinal fluid.
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Xia Li*

Department of Pediatric Neurology, Xi’an Children’ Hospital, Xi’an, China

Purpose: To assess the efficacy and safety of rituximab treatment as second-line

immunotherapy in pediatric cases of anti-NMDA receptor (NMDAR) encephalitis.

Methods: We retrospectively recruited 8 patients with anti-NMDAR encephalitis who

were treated with rituximab as second-line immunotherapy. We evaluated the clinical

features, laboratory examination results and treatment protocols of the Chinese children

and defined good outcomes based on the modified Rankin scale (mRS) score (0–2) at

the last follow-up.

Results: A total of eight pediatric patients (median age 6.7 years; four female)

with refractory anti-NMDAR encephalitis were recruited to the study. Rituximab was

given after a median duration of disease of 57 days (range 50.5–113.75 days).

The use of rituximab led to a significant reduction in the mRS and CD19+ B-cells

compared to before rituximab infusion (P < 0.05). Five patients (62.5%) had a good

outcome (mRS ≤ 2) including four patients (50%) who showed complete recovery

(mRS = 0) at the last follow-up. Transient infusion adverse events were recorded in

2 patients (25%). Two patients (25%) had severe infectious adverse events (AEs) and

two patients with grade 5 (death). None of the patients developed progressive multifocal

leukoencephalopathy (PML).

Conclusion: Our study provides evidence that rituximab can efficiently improve the

clinical symptoms of anti-NMDAR encephalitis in children. However, due to the risk of

adverse infections, rituximab should be restricted in pediatric patients with high rates of

mortality and disability.

Keywords: anti-NMDAR encephalitis, rituximab, children, outcome, adverse event

INTRODUCTION

The common treatment of autoimmune encephalitis includes surgery and first-line
immunotherapy consisting of corticosteroids, IVIg or plasma exchange (1–5). It has previously
been shown that children are less likely to have detectable tumors and less likely to respond to first-
line immune-suppressive agents (1–4). Second-line immunotherapy including cyclophosphamide
or rituximab, or in combination is proposed as an effective clinical strategy and can prevent
relapse in patients with refractory anti-NMDAR encephalitis (1, 2). Rituximab is an anti-CD20
human chimeric monoclonal antibody that leads to B-cell depletion. Accumulating evidence has
demonstrated the benefit of rituximab in children with CNS diseases including anti-NMDAR
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encephalitis, neuromyelitis optica (NMO) spectrum disorders
(NMOSD), and opsoclonusmyoclonus ataxia syndrome (OMAS)
(2, 6–11). However, serious infectious adverse events (AEs)
have been reported in children following rituximab treatment
and there remains a lack of comprehensive safety data (6). To
increase understanding of the benefits and risks of rituximab
usage, we conducted a retrospective study of the efficacy and
safety of rituximab usage in Chinese children with refractory
anti-NMDAR encephalitis.

METHODS

Patients
This retrospective study included eight Chinese children from 3
to 12.1 years of age with refractory anti-NMDAR encephalitis.
The children were diagnosed in the Department of Neurology
at Xi’an Children’s Hospital between July 2016 and February
2020. This study was approved by the Ethics Committee of Xi’an
Children’s Hospital. To evaluate the use, safety, and efficacy of
rituximab, we extracted data from patients treated for refractory
anti-NMDAR encephalitis that were younger than 18 years.
All patients met the following inclusion criteria: (a) patients
met the diagnostic criteria for anti-NMDAR encephalitis; (b)
patients treated with rituximab after they had failed first-line
immunotherapy (methylprednisolone and/or immunoglobulin
and/or plasma exchange); (c) patients aged between 0 and 18
years; (d) patients met the definition of refractory anti-NMDAR
encephalitis. Refractory anti-NMDAR encephalitis was defined
as cases in which there was no clinical improvement or those
who had a mRS score of 4 or higher, more than 10 days after
the treatment of at least two forms of first-line immunotherapies
(1, 9). Patients who were not treated with rituximab or might
have had other possible etiologies such as viral encephalitis were
excluded from the study.

Data Collection
Medical information including age, gender, clinical symptoms,
diagnosis, laboratory examination results, brain magnetic
resonance imaging (MRI) results, electroencephalography (EEG)
findings, age at rituximab initiation, the dosage regimen used
and the use of other immunotherapies were collected from the
medical records or via telephone interviews. Tumor screening
(CT of the chest and abdomen, and ultrasound of the pelvic
cavity) was performed once each patient was diagnosed with
anti-NMDAR encephalitis. All patients were screened for tumors
once a year after discharge which included CT and/or ultrasound
of the chest, abdomen, and pelvic cavity. The modified Rankin
scale (mRS) was used to evaluate clinical disease states and was
recorded before and after treatment with rituximab.

Abbreviations: NMDAR, NMDA receptor; RTX, Rituximab; AE, adverse event;

PML, progressive multifocal leukoencephalopathy; CNS, central nervous system;

NMO, neuromyelitis optica; NMOSD, neuromyelitis optica spectrum disorders;

OMAS, opsoclonus myoclonus ataxia syndrome; MRI, magnetic resonance

imaging; EEG, electroencephalography; mRS, modified Rankin scale; CTCAE,

Common Terminology Criteria for Adverse Events; CSF, cerebrospinal fluid;

T2WI, T2 weighted imaging; FLAIR, fluid-attenuated inversion recovery.

Efficacy and Safety Evaluation of
Rituximab
Clinical data including mRS, levels of CD19+ B cells in the
peripheral blood and adverse events were collected and used to
evaluate the efficacy and safety of rituximab. Good outcomes
were considered when patients had a mRS in the range of 0–2,
and complete recovery was defined when the mRS was 0 (9, 12).
Patients were considered to have relapsed when new symptoms
had appeared or when pre-existing symptoms had worsened after
the improvement or stabilization of the disorder for at least
2 months (9). The depletion of CD19+ B cells was assessed
and defined as <1% of the total lymphocytes in the peripheral
blood (13). Infusion adverse events (AEs) including allergic,
hypersensitive, or other unwanted effects that occurred during
the infusion were also recorded. Any other side effects that may
have been attributed to the use of rituximab, in particular, any
infectious complications were also recorded. AEs were classified
using the Common Terminology Criteria for Adverse Events
(CTCAE v5.0) (14).

Statistical Analysis
Data analysis was performed using GraphPad Prism software,
version 5.0 (GraphPad Software, Inc., San Diego, CA).
Categorical variables were described using frequency and
percentages. Continuous variables those conformance to skew
distributions such as mRS, CD19+ B-cell counts and the
difference of mRS before and after rituximab were described as
median and quartiles and analyzed with a Wilcoxon signed-rank
test and a Wilcoxon rank sum test. The differences in the
CD19+ B-cell counts before and after rituximab treatment that
were normally distributed were analyzed with an independent
t-test. P-values < 0.05 (two-sided) were considered to be
statistically significant.

RESULTS

Demographics and Clinical Presentation
Data from eight patients (four females) were available. The
age at first clinical presentation had a median of 6.7 years
(range 3–12.1 years). The first neurological symptoms could be
divided into four groups: seizure (four patients, 50%), abnormal
behavior and psychosis (two patients, 25%), weakness of the
lower limbs (one patient, 12.5%) and aphasia (one patient,
12.5%). During the disease, eight patients (100%) presented with
abnormal behavior or psychosis, four patients (50%) showed a
decreased level of consciousness, six patients (75%) experienced
seizures, eight patients (100%) presented with language and
memory deficits, five patients (62.5%) experienced dyskinesia
and/or involuntary movements, five patients (50%) showed sleep
disorders and three patients (37.5%) presented with breath
instability (central hypoventilation) or autonomic dysfunction
(urinary incontinence).

MRI results were abnormal in 4 (50%) patients with T2
weighted imaging (T2WI) or fluid-attenuated inversion recovery
(FLAIR) hyperintensity signals located in the parietal, occipital
and temporal lobes, and the thalamus. The initial EEG showed
abnormal results in 7 (87.5%) cases presenting with general or
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diffuse slowing waves or epileptiform activities. The initial CSF
samples were abnormal in 5 (62.5%) cases, with increased white
blood cell counts (>5, range 19–115) in 5 (62.5%) and elevated
protein levels (>0.45 g/L, range 0.60–0.72) in 3 (37.5%) cases.
Anti-NMDAR antibodies were identified in both the serum and
CSF obtained from six patients (75%) and CSF only in two
patients (25%). The demographic profiles and clinical features of
the patients are summarized in Table 1.

Preceding Therapies
Seven patients had a prolonged course of treatment and two
patients (patient 5 and patient 8) had a relapsing course
that required multiple immune-suppressive therapies before
rituximab treatment. Before the first rituximab infusion, all

8 patients were treated with first-line immunotherapy. Six
(75%) patients received corticosteroids (methylprednisolone,
15–30 mg/kg per day for 3–5 days) combined with IVIG
(400 mg/kg/d × 5d). One (12.5%) patient (patient 4) received
plasma exchange (four cycles) combined with corticosteroid
(methylprednisolone, 20 mg/kg/d × 5d) and IVIG (400 mg/kg/d
× 5d). One (12.5%) patient (patient 1) received corticosteroid
(methylprednisolone, 20 mg/d × 5d), IVIG (400 mg/kg/d ×

5d) and cyclophosphamide (600 mg/m2 per month, 6 cycles).
Six (75%) patients were receiving oral prednisone at the start
of rituximab administration, but only 1 patient (patient 6) was
receiving ongoing oral steroids with the dose decreased at the
last follow-up. The details of the prior therapies received by the
patients are summarized in Table 2.

TABLE 1 | Clinical presentation in patients with NMDAR encephalitis.

No. Age Sex Initial

symptoms

Other symptoms during

course of the disease

Symptom onset

until diagnosis

(day)

Initial MRI Initial EEG Initial CSF Diagnostic

marker

1 5.8 years Female Seizures Language and memory

deficits, abnormal

behavioral, dyskinesia,

involuntary movements,

disturbance of

consciousness, sleep

disorders

19 Increased signal in

left temporal and

occipital lobe

General slowing

and epileptiform

activity in left

temporal and

occipital lobe

20 WBC, 600

mg/dL protein

CSF NMDAR Ab

(1:32)and serum

NMDAR Ab

(1:320)

2 3 years Male Seizures,

fever

Language and memory

deficits, confusion,

psychosis, insomnia,

dyskinesia and involuntary

movements

17 Bilateral increased

signal in parietal,

temporal and

occipital lobe

Diffuse slowing

abnormalities

30 WBC, 680

mg/dL protein

CSF NMDAR Ab

(1:32)

3 12 years Male Weakness of

lower limbs

Seizures, psychiatric

symptoms, language and

memory deficits, abnormal

involuntary movements,

disturbance of

consciousness, breath

instability

18 Increased signal in

left parietal lobe

Diffuse slowing

abnormalities

115 WBC, normal

protein

CSF NMDAR Ab

(1:32)

4 7.5 years Female Aphasia Seizures, psychosis,

memory deficits, dyskinesia,

abnormal involuntary

movements, disturbance of

consciousness, breath

instability, insomnia

15 Normal General slowing Normal WBC and

protein

CSF NMDAR Ab

(1:32) and serum

NMDAR Ab

(1:100)

5 12.1

years

Male Fever,

abnormal

behavior,

psychosis

Left-sided weakness,

language and memory

deficits, tremor

20 Normal Diffuse slowing

abnormalities

24 WBC, 720

mg/dL protein

CSF NMDAR Ab

(1:32) and serum

NMDAR Ab

(1:100)

6 5.4 years Female Abnormal

behavior,

psychosis

Psychosis, aggressive

behavior language and

memory deficits, abnormal

involuntary movements,

autonomic instability

19 Normal General slowing

and epileptiform

activities

Normal WBC and

protein

CSF NMDAR Ab

(1:32) and serum

NMDAR Ab

(1:100)

7 10.3

years

Male Seizures Psychosis, aggressive

behavior, language and

memory deficits, insomnia

10 Normal Normal 19 WBC, normal

protein

CSF NMDAR Ab

(1:3.2) and serum

NMDAR Ab (1:32)

8 4.3 years Female Seizures,

fever

Psychosis, aggressive

behavior language and

memory deficits, sleep

disorders

17 Increased signal in

thalamus

General slowing Normal WBC and

protein

CSF NMDAR Ab

(1:3.2) and serum

NMDAR Ab

(1:320)
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TABLE 2 | Treatments and outcome of patients with NMDAR encephalitis before rituximab (RTX).

No. Tumor Symptom onset

until start of

immunotherapy,

(d)

Immunotherapy MRS at

diagnosis

MRS after

aforementioned

therapy

Treatment

response

1 Negative 20 Steroids, IVIg

cyclophosphamide

5 3 Partial

2 Negative 7 Steroids, IVIg 5 4 Partial

3 Negative 14 Steroids, IVIg 5 4 Partial

4 Negative 16 Steroids, IVIg,

plasma exchange

5 5 No

5 Negative 21 Steroids, IVIg 3 3 No

6 Negative 18 Steroids, IVIg 3 3 No

7 Negative 10 Steroids, IVIg 3 3 No

8 Negative 18 Steroids, IVIg 4 4 No

TABLE 3 | Rituximab administration.

No. Disease duration

before RTX (d)

The duration

between initial RTX

infusion to last

follow-up(m)

The interval between

first infusion of

rituximab and the

first sign of clinical

improvement (d)

Infusion regimen Ongoing treatments

at last clinic visit

1 541 24 18 375 mg/m2/ week

× 4

None

2 60 27 48 375 mg/m2/ week

× 4

None

3 50 3.5 32 375 mg/m2/ week

× 4

None

4 52 12.5 10 375 mg/m2/ week

× 3

None

5 124 6 No response 375 mg/m2/ week

× 4

None

6 54 1.7 10 375 mg/m2/ week

× 4

Oral steroids(tapering)

7 34 2.6 16 375 mg/m2/ week

× 3

Mycophenolate Mofetil

8 83 37 11 375 mg/m2/ week

× 4

None

Rituximab Administration
We observed a median time of 16.5 days (range 12.5–89.5 days)
to assess the efficacy of prior immunotherapy but no or only
partial improvement occurred. Hence, we initiated the regimen
of rituximab. The duration of disease before rituximab initiation
had a median of 57 days (range 50.5–113.75 days) (Table 3). Two
children (patients 4 and 7) received 1,125 mg/m2 of rituximab
(375 mg/m2

× 3) and six children received 1,500 mg/m2 (375
mg/m2

× 4). One patient (patient 2) began treatment who had
ongoing prophylactic antibiotics (cotrimoxazole) at the time of
rituximab treatment.

Efficacy of Rituximab
The median duration between the initial rituximab infusion to
the last follow-up was 9.5 months (range 2.825–26.25 months)
(Table 3). Significant clinical improvements were observed in

seven patients (87.5%) treated with rituximab. The median time
between the first infusion of rituximab and the first sign of clinical
improvement was 16 days (range 10–32 days). Five patients
(62.5%) had a good outcome (mRS ≤ 2) including four patients
(50%) who recovered completely (mRS= 0). One (12.5%) patient
(patient 5) had no response to rituximab until the last follow-up.

After rituximab treatment, the median mRS at the last follow-
up (before infectious adverse events occurred to patients 3 and
6) was 0.5 (range 0–1) compared to 3.5 (range 3–4) before
rituximab treatment (P < 0.05) (Figure 1). The differences of
CD19+ B-cell counts before and at 1 and 4 weeks after rituximab
initiation, and the difference of mRS score pre-rituximab and
post-rituximab treatment were compared across male and female
patients using the t-test and Wilcoxon rank sum test. No
significant differences were detected in these variables between
male and female patients.
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FIGURE 1 | The median and interquartile range of mRS. The median mRS

significantly decreased from 3.5 (interquartile range, 3–4) before rituximab

treatment to 0.5 (interquartile range, 0–1) at the last follow-up (before patient 3

and patient 6 had severe infectious adverse events) (P = 0.0201).

One female case (patient 1) had a partial response (seizures
were controlled and involuntary movements disappeared) to
a combination of IVIg and high dose steroids and did not
respond to six cycles of cyclophosphamide. However, the girl
responded dramatically to rituximab even though the treatment
was prescribed 18 months after her initial clinical presentation.
The patient’s speech significantly improved 18 days after her first
infusion of rituximab and her behavioral disorder disappeared
gradually after her last infusion of rituximab. She had complete
resolution of all symptoms (mRS 0) 2.5 months after her first
infusion of rituximab. Her cranial MRI and EEG appeared
normal at the last follow-up as compared to the brain atrophy
and general slowing waves that were detected before rituximab
treatment. The cranial MRI results for this patient are presented
in Figure 2).

CD19+ B-cell depletion occurred rapidly within 1 week after
the first infusion of rituximab in six patients. At 4 weeks after the
initiation of rituximab, CD19+B-cell counts of total lymphocytes
in the peripheral blood had a median value of 0.04% (range
0.02–0.5%) compared to 26.2% (range 18.48–27.90%) before the
rituximab regimen (P < 0.01) (Figure 3). Of the eight patients, 4
(50%) showed an increase in CD19+ B cells that exceeded 1% at a
median time of 25.5 months (range 15.4–34.5 months) (Table 4).
In the seven patients whose clinical symptoms notably improved,
none of them relapsed until the last follow up.

Adverse Events (AEs)
Infusion Adverse Events

Of the eight patients, two patients (25%) had infusion-related
symptom which presented as skin rash during the administration
of rituximab. However, the symptoms gradually disappeared after

FIGURE 2 | Brain MRI findings of anti-NMDAR encephalitis. Brain MRI

obtained 5 days after symptom onset (patient 1, Table 1) shows increased T2

signal abnormalities involving in left temporal and occipital lobes (A,B). Diffuse

brain atrophy (C,D) are shown on T2 sequences of brain MRI obtained 14

months after symptom onset (before rituximab). Brain MRI at the last follow-up

shows normal (E,F).

oral cetirizine was given (Table 5). Severe infusion adverse events
did not occur in these eight patients.

Infectious Side Effects

Two patients (25%) had grade 5 (death) infectious adverse events
in the follow-up period (Table 5). Infectious AE occurred in
patients 3 and 6 at 35 days, and at 104 days after initiation of
rituximab, respectively. No cases of PML were reported in the
eight patients until the last follow-up.

DISCUSSION

Dalmau et al. proposed the use of second-line immunotherapy,
cyclophosphamide or rituximab or both, in cases that failed to
respond to first-line treatments after 10 days. For pediatricians,
only one of these second-line agents, rituximab, can be used for
those who have failed first-line immunotherapy (1). Rituximab
decreased the maturation of B-cells into antibody-secreting cells
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and also depleted the memory of antibody-secreting B-cells,
making it an optimal immunotherapy option for patients with
antibody-mediated diseases (1, 2, 11–14).

Currently, rituximab is an off-label immunotherapy that can
be used in children with anti-NMDAR encephalitis. This has led
to its limited use in severely ill children due to a lack of safety
data. In this present study, we described the clinical features,
auxiliary examination features, treatment protocols and clinical
outcomes of eight Chinese children treated with rituximab.
All eight children had no detectable neoplasm supporting
previous reports that pediatric patients are less likely to have
associated tumors (1, 15–18). Rituximab was administered as

FIGURE 3 | Evolution of CD19+ B-cell counts during the follow-up periods.

For most (75%) patients treated with rituximab, CD19+ B-cell depletion

occurred rapidly within 1 week after the first infusion of rituximab.

a second-line immunosuppressant after a median of 57 days
of disease which was longer than other report at 0.1 months
(2). The possible explanation is that the treatment was delayed
because of the parents of patients having concerns relating to
possible side effects or the financial burden of treatment. Various
rituximab regimens have been successfully used in pediatric CNS
inflammatory disease including 375 mg/m2 infused once per
week for 3 or 4 weeks, 1,000mg per week for 2 weeks, and 100mg
weekly for 3 or 4 consecutive weeks (2, 10, 19–21). In the current
study, doses of 375 mg/m2 once per week for 4 weeks or 375
mg/m2 weekly for 3 weeks were given to the 8 patients. All eight
children achieved the targeted levels of CD19+ B cell percent
≦1% at 4 weeks after the first infusion of rituximab including the
two patients who received 3 doses of rituximab.

In this study, the median duration between the first
infusion of rituximab treatment and the first signs of clinical
improvement was 16 days, which was similar to another
previous report (13). An apparent clinical improvement was
found in 87.5% of the patients which was also consistent
with other reports (1, 2, 12, 13). Interestingly, despite the
duration of disease at rituximab initiation being longer
than previously reported, complete recovery was obtained

TABLE 5 | Adverse events(AE) of rituximab treatment.

Adverse

events

No. Category Details

Infusion Patient 3 Grade 2 Skin rash

Patient 4 Grade 2 Skin rash

Infectious

AE

Patient 3 Grade

5(death)

Lung infection

(Interstitial pneumonia

complicated by

respiratory failure). The

pathogen could not be

found

Patient 6 Grade

5(death)

Lung infection

(Nocardia farcinica

pneumonia

complicated by

respiratory failure)

TABLE 4 | Comparison between pre- and post-rituximab therapy.

No. mRS before

RTX

Best mRS

after RTX

CD19+ B cell

before RTX, (%)

CD19+ B cell at 1

week after initial

infusion, (%)

CD19+ B cell at 4

weeks after initial

infusion, (%)

CD19+ B cell at the

last follow-up, (%)

Outcome

1 3 0 17.00 11.00 1.00 16.00 Complete recovery

2 4 1 27.00 0.50 0.00 22.00 Partial recovery

3 4 1 27.60 0.20 0.05 0.03 Death

4 5 0 28.00 2.00 0.70 6.20 Complete recovery

5 3 3 16.60 0.07 0.03 0.05 No response

6 3 1 45.00 1.00 0.03 0.03 Death

7 3 0 25.40 0.93 0.02 0.13 Complete recovery

8 4 0 22.90 0.10 0.05 17.00 Complete recovery
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in patient 1 (11, 13, 22, 23). Although previous studies
have proposed the early use of rituximab, many Chinese
parents refused to use rituximab because of its high cost
and risks of side effects (1, 2). Based on the above findings,
rituximab remains a potential treatment option for patients
with severe disease and are minimally responsive to preceding
immunotherapies, even if the duration of disease is very long due
to variant reasons.

The CD19+ B-cell levels decreased rapidly within 1 week to
levels ≤1% in all eight patients within 4 weeks after the first
administration. CD19+ B cells increased to levels >1% in four
children whose follow-up periods were longer than 1 year. In a
retrospective study of 144 pediatric patients with autoimmune
and inflammatory CNS disease treated with rituximab, B cell
depletion occurred in 90% of patients and lasted >12 months in
12 patients (2). Data from another retrospective study showed
that the proportion of total B cells in lymphocytes was depleted
sharply 1 day after treatment and started to regenerate after 3
months (19).

In this present study, no difference in response to rituximab
was observed between male and female patients. However,
our sample size was small and we will continue to collect
more cases to validate these findings. In previous studies,
there have been no reports of differences in response to
rituximab between male and female patients with anti-NMDAR
encephalitis (1–3, 7, 9, 10, 12, 15, 18).

Only one patient received mycophenolate mofetil in
our study. None of these children had relapsed after
the disease activity stabilized supporting the idea that
rituximab might reduce the relapse rate (1). However, a
meta-analysis that included a total of 277 patients reported
that relapse after the rituximab therapy occurred in 14.2%
of patients (24). To prevent clinical relapse, some experts
have suggested that reinfusion of rituximab should be
implemented after B-cells start to reconstitute or at a
regular interval of 6–9 months. Also, other experts have
recommended that mycophenolate mofetil or azathioprine
is used for at least 1 year after discontinuation of initial
immunotherapies (1, 25, 26).

Although antihistamines and corticosteroids were given to
all eight patients, infusion-related side effects occurred in two
patients. Both patients (patients 3 and 4) had transient infusion-
related symptoms and presented with skin rash during the
infusion, which has been reported in previous studies (2, 13,
20). According to the literature and our findings, clinicians
should pay careful attention to allergic complications during
rituximab infusion.

Despite the apparent clinical improvement observed in
most patients, after a median follow-up of 9.5 months after
rituximab initiation, a significant mortality rate of 25% occurred
indicating a major risk of rituximab treatment. In this study,
severe infectious adverse events occurred in 25% of the
patients which was higher than in previous reports (1, 2,
7, 13, 19) and may be due to several possible reasons. It
is possible that multiple confounders were present in our
analysis including the small sample size. The guardians of

patient 3 stopped treatment as the patient was not responsive
to the antibiotics and mechanical ventilation, and had also
received corticosteroids during rituximab administration. Also,
it is possible that both children received standard dosages of
rituximab which were high and typically used to treat large B
cell lymphoma.

Several studies have used lower dosages of rituximab in the
treatment of autoimmune and inflammatory CNS diseases and
showed that the same clinical effects can be achieved without
severe adverse events during the infusion and the follow-up
period (13, 19–21, 27). We hypothesize that lower doses of
rituximab may reduce the incidence of severe adverse events
and achieve therapeutic effects. More prospective clinical trials
are needed to test this hypothesis. Neither of the patients were
commenced on ongoing prophylactic antibiotics. Broncholavage
fluid culture of patient 6 in this cohort showedNocardia farcinica
which is an opportunistic pathogenic bacteria. Whilst previous
study has reported no apparent reduction in serious infections in
patients who received antibiotic prophylaxis, our study indicates
that antibiotic prophylaxis should be considered in patients who
received multiple simultaneous immunosuppressive treatments
(2). The final possibility is that both patients received antibiotic
treatment and mechanical ventilation in the pediatric intensive
care unit, but neither of the patients tried more advanced
treatments such as extracorporeal membrane lung treatment
(ECMO) due to its high cost and possible side effects. No cases of
PML were reported in this cohort, which was similar to previous
reports (2, 6, 8, 10). Although the numbers in our study were
small and the follow-up periods were short, our data show that
PML was rare in children treated with rituximab.

Our study had several limitations. Firstly, the patient number
was small and the results might be affected by the retrospective
nature of the data extraction. Secondly, our study lacked a
control group for comparison. Since this is a very rare and
severe disease, only nine patients met our definition of refractory
anti-NMDAR encephalitis in the past 4 years. Only one patient
who developed refractory anti-NMDAR encephalitis refused to
use second-line immunotherapy in which the clinical symptoms
showed no improvement and mRS was 3 at the last follow-up
(1 year after first-line immunotherapy). All of the guardians of
the other eight patients who were enrolled in this study required
further treatment and agreed to use rituximab. Because of the
medical necessity to respect the families of patients and due
to the retrospective nature of the study, we were unable to
compare clinical recovery and mortality between the patients.
This included those who received rituximab treatment and
patients who did not respond to the first-line treatment and were
not treated with rituximab.

In future studies, we will continue to collect more cases to
better understand how closely linked recovery and mortality is
between the rituximab group and other patients who do not
receive rituximab. Also, the follow-up periods were relatively
short and finally, we did not compare anti-NMDAR antibody
titers at times pre- and post-rituximab therapy. Prospective
and multicentre studies must be conducted to optimize dosing
regimens and for safety monitoring.
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CONCLUSIONS

Whilst limited by a small sample size and the retrospective nature
of this analysis, our study provides evidence that rituximab could
efficiently improve the clinical symptoms in pediatric patients
with refractory anti-NMDAR encephalitis. However, due to the
risk of adverse infections, rituximab should be restricted to being
used in patients with a high risk of disability and mortality.
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Clinical and Radiological Features of
Adult Onset Bilateral Medial Frontal
Cerebral Cortical Encephalitis With
Anti-myelin Oligodendrocyte
Glycoprotein Antibody
Juichi Fujimori*, Masashi Nakamura, Takahito Yagihashi and Ichiro Nakashima

Division of Neurology, Tohoku Medical and Pharmaceutical University, Sendai, Japan

Objective: To clarify the clinical and radiological features of adult onset anti-myelin

oligodendrocyte glycoprotein (MOG) antibody-associated bilateral medial frontal cerebral

cortical encephalitis (BFCCE).

Methods: We systematically reviewed the literature for patients with anti-MOG

antibody-associated BFCCE. Patients who were also positive for other

encephalitis-related autoantibodies were excluded from the study. The frequency

of several characteristic neurological symptoms and lesion distributions were analyzed.

Results: We identified six patients with anti-MOG antibody-associated BFCCE. Among

them, 6/6 had headache, 4/6 had fever, 3/6 had seizure, 2/6 had paraparesis, 2/6

had lethargy, and 2/6 had memory disturbance. CSF pleocytosis was observed in 5/6

patients, while CSF myelin basic protein was not elevated in any of the six patients.

On brain MRI, 6/6 had bilateral medial frontal cortical lesions, 3/6 had corpus callosum

lesions, and 3/6 had leptomeningeal enhancements. Most of the lesions were distributed

in the territory of the anterior cerebral artery (ACA).

Conclusion: Our results indicate that anti-MOG antibody-associated BFCCE presents

with characteristic clinical symptoms and MRI findings, which might reflect lesion

formation in the ACA territory.

Keywords: MRI, anterior cerebral artery, bilateral medial frontal lobe, myelin oligodendrocyte glycoprotein,

cerebral cortical encephalitis

INTRODUCTION

Anti-myelin oligodendrocyte glycoprotein (MOG) antibody-associated disease is a recently
established spectrum of diseases. Conformation-sensitive antibodies against MOG are detectable
in patients with optic neuritis, myelitis, opticomyelitis, acute or multiphasic disseminated
encephalomyelitis (ADEM/MDEM) and brainstem/cerebral cortical encephalitis, although they
are rarely detected in patients with prototypic multiple sclerosis or anti-aquaporin 4 (AQP4)
antibody-positive neuromyelitis optica spectrum disorders (NMOSDs) (1–13).
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Cerebral cortical encephalitis with MOG antibody is a disease
entity that we first described and can be divided into two
types (9, 10). One is unilateral (9), and the other is the
bilateral medial frontal type (10). The unilateral type was
first reported as part of a case series of four patients (9).
All the patients were adults, and their main symptom was
focal seizures, which often evolved to bilateral tonic-clonic
seizures. Cerebrospinal fluid (CSF) pleocytosis was observed
in these patients, and brain MRI demonstrated unilateral
cerebral cortical hyperintensities best seen on fluid-attenuated
inversion recovery (FLAIR) sequence, which were swollen and
corresponded to hyperperfusion on single photon emission
computed tomography (SPECT). Subsequent to these reports,
similar cases have been reported that have broadened the clinical
spectrum of this disorder (11, 14–17). Meanwhile, the bilateral
medial frontal type was reported in a case report in which an
adult patient also presented with secondary generalized seizure,
CSF pleocytosis, and bilateral cerebral cortical hyperintensities
best seen on FLAIR sequence (10).

According to a recent study by Wang et al., 20.7%
(18/87) of anti-MOG antibody-positive patients presented with
encephalitis, while six out of 18 were also positive for CSF anti-
N-methyl-D-aspartate (NMDA) receptor (NMDAR) antibodies,
and 94.4% (17/18) had favorable outcomes. Furthermore,
28% (5/18) of patients with anti-MOG antibody-associated
encephalitis had unilateral cerebral cortical lesions, and 33%
(6/18) had frontal and/or parietal cortical lesions close to
the cerebral falx (16). In contrast, Cobo-Calvo et al. reported
abnormal brain MRI in 44% (49/108) of patients with anti-
MOG antibody-associated diseases. Among them, unilateral and
bilateral cerebral cortical lesions were found in 10% (5/49) and
6% (3/49) of patients, respectively (18).

Although cases of unilateral cerebral cortical encephalitis
(UCCE) with anti-MOG antibody have accumulated and were
recently reported in a review article (14), few cases of bilateral
medial frontal cerebral cortical encephalitis (BFCCE) with anti-
MOG antibody have been reported in the literature (16, 18).
Therefore, to clarify the clinical and radiological features of adult-
onset anti-MOG antibody-associated BFCCE, we conducted a
literature search focusing on this disease.

METHODS

We reviewed the literature for cases of anti-MOG antibody-
associated BFCCE. We searched PubMed and the literature in
Clinical and Experimental Neuroimmunology (CENI), which
is an international journal sponsored by the Japanese Society
for Neuroimmunology (https://onlinelibrary.wiley.com/journal/
17591961), for “[bilateral] AND [MOG],” “[bilateral] AND
[encephalitis],” “[MOG] AND [encephalitis].” All relevant
published articles dating back 10 years fromAugust 13, 2020 were
reviewed for potential study inclusion. Patients were included if
they (a) were older than 17 years, (b) had predominantly bilateral
medial frontal cortical T2-FLAIR hyperintensities at presentation
and (c) had MOG-IgG antibodies that were identified by
cell-based assay (CBA) in serum and/or CSF. Patients were T
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FIGURE 1 | Superimposed MRI lesions from previously reported patients with anti-MOG antibody-associated unilateral cerebral cortical encephalitis (UCCE) and

bilateral medial frontal cerebral cortical encephalitis (BFCCE). (A) Axial view at the level of the centrum semiovale indicates that MRI lesions in patients with anti-MOG

antibody-associated BFCCE were mostly located in the peripheral territories of the anterior cerebral arteries. (B,C) Axial views at the level of the lateral ventricles and

the centrum semiovale indicate that MRI lesions in patients with anti-MOG antibody-associated UCCE were mostly located in the peripheral territories of the middle

cerebral arteries.

excluded if (a) they were copositive for other encephalitis-related
autoantibodies and (b) lacked sufficient data. A total of 1,051
search results were screened for potential inclusion in this review.

To better visualize the distributions of cortical and
juxtacortical lesions in previously reported cases of BFCCE
and UCCE with anti-MOG antibodies onMRI, we superimposed
them with a computer software program (PowerPoint 2016).
Transparencies of the traced lesions on axial FLAIR images
were overlaid on standardized axial sections (at the level of the
lateral ventricles and the centrum semiovale) so that the densities
reflected the distribution of the lesions.

RESULTS

We identified six adult patients with anti-MOG antibody-
associated BFCCE (Table 1). The mean age was 34 years (range
18–46 years), and 3/6 (50%) were male. Five patients were
Japanese, and the other was Chinese. Among them, 6/6 had
headache, 4/6 had fever, 3/6 had seizures (secondary generalized
seizures in two patients, epilepsia partialis continua in one
patient), 2/6 had paraparesis, 2/6 had lethargy, and 2/6 had
memory disturbance. On brain MRI, 6/6 had bilateral medial
frontal cortical lesions, 3/6 had corpus callosum lesions, and 3/6
had leptomeningeal enhancements.

CSF pleocytosis was observed in 5/6 patients, while CSF
myelin basic protein (MBP) levels (<102 pg/ml) were not
elevated in any of the six patients. A favorable response to steroid
treatment was observed for all patients. The clinical symptoms
and brain MRI findings were partially improved only by the
administration of antiepileptic drugs but relapsed later and were
relieved after steroid treatment in cases 2 and 4.

Superimposed MRI lesions in previously reported six patients
with anti-MOG antibody-associated BFCCE (10, 16, 19–21)
indicated that most of the lesions were distributed in the
peripheral territories of the anterior cerebral arteries (Figure 1A).

In contrast, superimposed MRI lesions in previously reported 13
patients with anti-MOG antibody-associated UCCE (9, 11, 14–
16, 22–25) indicated that most of the lesions were distributed
in the peripheral territories of the middle cerebral arteries
(Figures 1B,C).

DISCUSSION

In this study, we showed that adult-onset anti-MOG antibody-
associated BFCCE is a characteristic phenotype of cerebral
cortical encephalitis. Similar to anti-MOG antibody-associated
UCCE, BFCCE was characterized by an adult onset, main
symptoms of headache, fever, and seizure, steroid responsiveness,
and cerebral cortical FLAIR hyperintense lesions on MRI. In
contrast, anti-MOG antibody-associated BFCCE presented with
several characteristic clinical symptoms, such as paraparesis and
lethargy, that are caused by the involvement of the motor cortex
and medial side of the frontal lobe.

Paraparesis was observed in two patients (Cases 1 and 5).
In case 1, paraparesis was observed only subjectively, and mild
muscular weakness was objectively observed in the right lower
limb. In case 5, the patient initially complained of dizziness
and experienced a focal motor seizure in the right leg that
subsequently generalized. Thereafter, the paraparesis progressed
gradually, and the patient became completely paraplegic with
spasticity. Therefore, paraparesis might be subtle or noticed
as dizziness in the early stage of this illness. Furthermore,
paraparesis without sensory symptoms might indicate cerebral
cortical lesions. In contrast, in case 4, postictal paraparesis was
observed due to epilepsia partialis continua.

To date, pathological studies on anti-MOG antibody-
associated disease have revealed perivenous inflammatory
demyelination (15, 26) with MOG-dominant myelin loss
(13, 17). Furthermore, a recent pathological study that
analyzed 2 autopsies and 22 brain biopsies reported that
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anti-MOG antibody-associated disorder was characterized by
the coexistence of both perivenous and confluent white matter
demyelination, with an overrepresentation of intracortical
demyelinated lesions (27). Cortical demyelination was associated
with meningeal inflammation, and in contrast to multiple
sclerosis, intracortical rather than leukocortical demyelinated
lesions predominated (27). These results may suggest that
perivenous inflammatory demyelination in the cerebral
cortex can be a primary pathological change in anti-MOG
antibody-associated cerebral cortical encephalitis.

Although we considered that UCCE and BFCCE with anti-
MOG antibodies would share a common pathogenesis, the
factors that determine their unique lesion distribution have not
been clarified. Interestingly, our study indicated that in typical
patients with UCCE and BFCCE with anti-MOG antibodies,
their lesion distribution mostly coincides with the peripheral
territories of the middle cerebral arteries (MCAs) (9, 11, 14–
16, 22–25) and anterior cerebral arteries (ACAs) (10, 16, 19–
21), respectively. Moreover, vasodilatation of the branches of
the MCAs or ACAs has been previously described in patients
with anti-MOG antibody-associated UCCE or BFCCE (21, 22),
although the vasodilatation observed in these patients might be
explained by seizure activity. In contrast, we recently reported an
adult case of anti-MOG antibody-associated left UCCE in which
the patient only presented with ipsilateral headache without
seizures, while MR angiography (MRA) showed dilatation of the
left MCA branches that resolved after steroid treatment (11).
These observations of the lesion distribution and vasodilatation
might suggest that the peripheral vessels of the MCA or ACA are
involved during lesion development.

Vascular involvement has also been suggested in other forms
of anti-MOG antibody-associated encephalitis. For example,
in anti-MOG-associated leukoencephalopathy and brainstem
encephalitis, punctate and curvilinear gadolinium enhancement
(PCGE) has been reported (28–30). Cerebral PCGE with
hyperintensities on T2WI and FLAIR in the corresponding
areas is an MRI finding that may be seen when the blood-
brain barrier (BBB) of the small vessels is disrupted by a direct
injury of the endothelial cells or by an angiocentric cellular
infiltrate (31). However, since there have been other reports
describing cortical lesions other than those observed in UCCE or
BFCCE with anti-MOG antibodies (17), our hypothesis cannot
be applied to all cases of anti-MOG antibody-associated cerebral

cortical encephalitis. Moreover, vasodilatation must be caused
secondarily by cortical inflammation.

Regarding the CSF findings, CSF pleocytosis was observed
in most cases, while CSF MBP elevation was not observed,
as has also been reported in cases of anti-MOG antibody-
associated UCCE (9, 14). However, in general, CSF MBP levels
can reflect myelin damage in the central nervous system,
and pathological studies show demyelinating lesions in anti-
MOG antibody-associated disorders. Furthermore, previous
studies have indicated that CSF MBP levels are elevated in
anti-MOG antibody-positive patients with neuromyelitis
optica spectrum disorder (NMOSD), transverse myelitis,
and acute disseminated encephalomyelitis (ADEM) (32).
Therefore, the reason why CSF MBP elevation is rarely
observed in patients with anti-MOG antibody-associated
cerebral cortical encephalitis needs to be clarified in
the future.

Last, our study has several limitations. First, we were only able
to identify a small number of Asian cases. Second, we collected
data retrospectively and could not obtain enough imaging
information from non-case reports. Third, we are missing cases
reported in journals other than CENI that are not searchable
in PubMed.

CONCLUSION

BFCCE with anti-MOG antibody presents characteristic clinical
findings, such as paraparesis, lethargy, and memory decline,
and radiological findings. Although ACA involvement might be
observed in this disease entity, further analysis is needed to clarify
its pathogenesis.
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Background: Neuromyelitis optica spectrum disorder (NMOSD), an autoimmune

inflammatory disorder of the central nervous system, often leads to vision loss or

paralysis. This meta-analysis focused on the assessment of the monoclonal antibody

therapy in NMOSD and compared different targets of monoclonal antibodies with each

other in terms of efficacy and safety outcomes.

Method: We searched through the databases of MEDLINE, EMBASE, Central Register

of Controlled Trials (CENTRAL), and clinicaltrials.gov for randomized controlled trials

(RCTs) evaluating monoclonal antibody therapy in NMOSD up to April 2020.

Results: We identified seven randomized controlled trials (RCTs), including 775 patients

(monoclonal antibody group, n= 485 and placebo group, n= 290). Monoclonal antibody

therapy decreased relapse risk (RR 0.33, 95% CI 0.21–0.52, P < 0.00001), annualized

relapse rate (ARR) (mean −0.28, 95% CI −0.35−0.20, P < 0.00001), expanded

disability status scale score (EDSS) (mean −0.19, 95% CI −0.32−0.07, P = 0.002)

and serious adverse events (RR 0.78, 95% CI 0.61–1.00, P = 0.05). However, we did

not observe any significant difference in terms of adverse events or mortality. Further,

the subgroup analysis demonstrated that the anti-complement protein C5 monoclonal

antibody (eculizumab) might have a lower relapse risk (RR 0.07, 95% CI 0.02–0.23, P

<0.0001) in the AQP4 seropositive patients, and anti-interleukin-6 receptor monoclonal

antibodies (satralizumab and tocilizumab) showed decreased EDSS score (mean−0.17,

95% CI −0.31−0.02, P = 0.02) more effectively than other monoclonal antibodies.

Conclusions: Monoclonal antibodies were effective and safe in NMOSD. Different

targets of monoclonal antibodies might have their own advantages.

Keywords: neuromyelitis optica spectrum disorders, monoclonal antibody, meta-analysis, aquaporin-4

autoantibody, rct
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KEY POINTS

- Monoclonal antibody therapy was effective and safe in
NMOSD treatment.

- Eculizumab might have a lower relapse risk in the AQP4
seropositive patients.

- Satralizumab and tocilizumab might decrease the EDSS score
more effectively.

INTRODUCTION

Neuromyelitis optica spectrum disorder (NMOSD) is a relapsing
inflammatory autoimmune disease of the central nervous system
whose symptoms are associated with optic nerve, spinal cord,
brain stem, and cerebrum injury. The clinical manifestations
of patients are usually: (a) optic nerve attacks including
loss of vision or blindness; (b) spinal cord attacks including
severe motor impairment or even the loss of the ability to
walk, sensory impairment, and bowel/bladder dysfunction; (c)
brain stem attacks including refractory nausea, vomiting, and
burping; (d) cerebrum attacks including cognitive impairment,
language dysfunction, and drowsiness (1–5). Aquaporin-4
(AQP4) antibody seropositive patients accounted for 80%
among all NMOSD patients (6). Recently, antibody to myelin
oligodendrocyte glycoprotein (MOG) was considered as another
NMOSD marker in AQP4 negative patients (7). However, more
experimental data is needed to comprehensively illustrate such
results (2).

At present, the primary goals for treating NMOSD are
restricted to reduce severity of acute attack and prevent
relapse in remission (8). The treatment for acute episodes
mainly includes corticosteroids, intravenous immunoglobulin
and plasma exchange therapy. In addition, to reduce relapse
risk immunosuppressive drugs such as azathioprine (AZA),
mycophenolate mofetil (MMF), and monoclonal antibodies
like rituximab are frequently used in clinical practices (8–
11). However, few studies have reported unavoidable adverse
reactions on the patients with NMOSD, and these were treated
with long-term immunosuppressive drugs (12–14). Therefore,
new monoclonal antibodies have become popular and many
studies now shifted their attention on them.

Monoclonal antibodies which were widely used for NMOSD
in clinical trials mainly include: rituximab, eculizumab,
inebilizumab, satralizumab, tocilizumab, etc (15–21). Rituximab
is a chimeric monoclonal antibody against human CD20.
It is an effective drug for NMOSD patients, especially in
AQP4 seropositive patients (22, 23). Inebilizumab (MEDI-
551) is a humanized monoclonal antibody against the
CD19 B cell protein extracellular ring of the IgG1 subtype.
Previous studies have reported that inebilizumab has potential

Abbreviations: NMOSD, neuromyelitis optica spectrum disorders; RCT,

randomized controlled trial; ARR, annualized relapse rate; EDSS, expanded

disability status scale; AQP4, aquaporin-4; MOG, myelin oligodendrocyte

glycoprotein; AZA, azathioprine; MMF, mycophenolate mofetil; anti-B, anti-

B cell monoclonal antibodies; IL-6, anti-interleukin-6 receptor monoclonal

antibodies; C5, anti-complement protein C5 monoclonal antibody; VEGF,

vascular endothelial growth factor.

application value for patients with NMOSD due to the
existence of a similar mechanism to that of rituximab (24).
Satralizumab and tocilizumab are both humanized recombinant
monoclonal antibodies targeting interleukin-6 receptor (IL-
6R), however, according to previous studies satralizumab
has better pharmacokinetics than tocilizumab via antibody
recovery technique. Further, based on previous clinical trials,
satralizumab, and tocilizumab both reduced the NMOSD relapse
risk (25–27), while satralizumab appeared to have no effects on
reducing the pain and fatigue of patients (27). Eculizumab can
reduce the damage related with the inflammatory response to
the nervous system by inhibiting the complement protein C5
and blocking terminal complement activation (28). One of the
studies carried out by Pittock et al. (29) declared that eculizumab
reduced the relapse risk of AQP4 seropositive patients compared
with placebo groups.

The effectiveness and safety of monoclonal antibodies
have not been systematically evaluated in prospective series
or randomized clinical trials. Therefore, still several issues
are remaining to be resolved, including whether monoclonal
antibodies can decrease relapse risk, annualized relapse rate
(ARR), and the Expanded Disability Status Scale (EDSS) score of
NMOSD patients with no further enhancement in adverse events,
serious adverse events and mortality. Therefore, we conducted a
meta-analysis of pooled data from the seven RCTs to investigate
the significance of monoclonal antibodies for NMOSD and to
explore the potential factors that might influence the efficacy and
safety of monoclonal antibodies.

METHOD

Study Protocol
We drafted a study protocol by following the Cochrane
Collaboration format at the beginning of the projects (30).

Eligibility Criteria
Only studies that meet the following criteria can be adopted in
this paper: (a) Type of study: RCT; (b) Language restrictions:
English only; (c) Participating patients: NMOSD patients; (d)
Intervention: monoclonal antibody; (e) Efficacy Outcomes:
Relapse risk on trial, ARR, and EDSS score change; (f) Safety
Outcomes: adverse events, serious adverse events as well as
mortality. Exclusion criteria are as follows: (a) Research Type:
case reports, cohort studies, case reviews and retrospective
studies; (b) Control: active control (i.e., that a known, effective
treatment as opposed to a placebo is compared to an
experimental treatment).

Information Sources and Search Strategy
There were two independent authors (TX and JY) searching
data systematically form the four databases: MEDLINE,
EMBASE, Central Register of Controlled Trials (CENTRAL),
and https://clinicaltrials.gov./ The following search strategy
was used: (((Monoclonal antibody[Title/Abstract])) AND
(Neuromyelitis Optica Spectrum Disorders[Title/Abstract])) OR
(Devic’s disease[Title/Abstract]) for MEDLINE; “Monoclonal
antibody”/exp AND “Neuromyelitis Optica Spectrum
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Disorders”/exp OR “Devic’s disease”/exp for EMBASE;
“Monoclonal antibody” in Title Abstract Keyword AND
“Neuromyelitis Optica Spectrum Disorders” in Title Abstract
Keyword OR “Devic’s disease” in Title Abstract Keyword for
CENTRAL; “Monoclonal antibody | Neuromyelitis Optica
Spectrum Disorders or Devic’s disease” for clinicaltrials.gov.
Studies that matched the abstracts and titles were queried.
Only clinical trials, meta-analysis, reviews and case reports
were included in the search. In addition, two authors (TX
and JY) independently searched the paper and data to make
sure all relevant studies were included in the search in
April 2020.

Study Selection and Data Collection
Relevant studies screened from MEDLINE, EMBASE,
CENTRAL, and clinicaltrials.gov were evaluated by two
authors (TX and JY) independently in April 2020. When
disagreements emerged among two reviewers, the disputed data
was discussed with the third person (SC), who did not participate
in the data collection, to determine whether these data should
be included in the study. The important baseline data (Table 1)
including: names and mechanisms of monoclonal antibodies;
publications, phases and regions of studies; gender composition,
AQP4 serology, nd add-on drugs of patients were extracted from
RCTs by rigorous selection and evaluation.

Risk of Bias
We used Review Manager 5.3 software to assess the risk of bias
for each study. There were some biases including attrition bias,
reporting bias, detection bias, selection bias, performance bias,
and other potential biases. We applied the unified standard of the
Cochrane Collaboration to evaluate the risk of bias of RCTs.

Summary Measures and Synthesis of
Results
The data was assessed by Review Manager 5.3 software. The
dichotomous outcomes were calculated and analyzed by a
random effect model which appeared as a risk ratio [relative
risk (RR); 95% confidence interval (CI)]. We use I2 statistic to
estimate heterogeneity. The I2 statistic as follows: I2 < 30%means
“low heterogeneity,” 30% < I2 < 50% represents “moderate
heterogeneity,” I2 >50% denotes “substantial heterogeneity” (31).
Due to the different pharmacological effects of the monoclonal
antibody therapy, we divided the monoclonal antibody into
three subgroups. They were anti-B cells monoclonal antibodies,
anti-interleukin-6 (IL-6) receptor monoclonal antibodies, and
complement protein C5 inhibitor monoclonal antibodies. A
sensitivity analysis was used to discuss the stability of the
consolidated results. Two-tailed tests were performed in all
analyses. A P < 0.05 was considered to be significant for
all analyses.

RESULTS

Study Identification and Selection
By searching MEDLINE, EMBASE, CENTRAL, and
clinicaltrials.gov database, we identified 885 records. After

removing duplicates, there were 354 records left (Figure 1).
In addition, remaining 264 records were not directly relevant.
Seven RCTs (22–27, 29) finally contained 775 patients (485 in
monoclonal antibody group: mean age 41.02, 11.34% male, and
88.66% female, 83.01% AQP4 seropositive and 16.99% AQP4
seronegative; 290 in placebo group: mean age 41.29, 9.31% male,
and 90.69% female, 81.38%AQP4 seropositive and 18.62%AQP4
seronegative) which were included in qualitative synthesis. The
main baseline information of the seven RCTs is illustrated in
Table 1.

Efficacy Outcome
We attributed the efficacy outcomes of the treatment results to
three factors as follows: (a) relapse risk; (b) ARR; (c) EDSS score
change. At first, the on-trial relapse risk (RR 0.33, 95% CI 0.21
to 0.52, P < 0.00001; Figure 2A) was lower in the monoclonal
antibody group than that in the placebo group. However, the
heterogeneity of relapse risk was as high as 60%. To find the
source of heterogeneity, we carried out a sensitivity analysis
(Supplementary Figure 1) which showed stable consolidated
data. In addition, we observed that when data from Pittock et al.
(29) was excluded, the heterogeneity of relapse risk (Figure 2B)
dropped to 22%. This indicated that the particularly low relapse
risk of Eculizumab group in the study of Pittock et al. (29)
led to the high heterogeneity. Further, the monoclonal antibody
group recovered with a lower ARR (mean −0.28, 95% CI
−0.35−0.20, P < 0.00001; Figure 2C) than the placebo group.
Finally, the change related to the EDSS score (mean −0.19,
95% CI −0.32−0.07, P = 0.002; Figure 2D) of patients in the
monoclonal antibody group decreased significantly compared
with the placebo group.

Safety Outcome
From the aspect of safety outcomes, we mainly considered
the following three factors: (a) adverse events, (b) serious
adverse events, and (c) mortality. Initially, there were no
significant differences observed in adverse events (RR 1.01, 95%
CI 0.96–1.06, P = 0.72; Figure 3A) between the monoclonal
antibody group and placebo group. Adverse events mainly
included: infusion related reactions, pain (limb, joint, or back),
nasopharyngitis, and infection (upper respiratory or urinary
tract), etc. However, the frequency of serious adverse events
(RR 0.78, 95% CI 0.61–1.00, P = 0.05; Figure 3B) might have
a downward trend in the monoclonal antibody group. Serious
adverse events were included in the adverse events. These were
different from adverse events in that serious adverse events
could interrupt the patient’s daily activities and may lead to
systemic medication or other treatment. Serious adverse events
were able to incapacitate patients. Eventually, NMOSD patients
had a very low mortality (3/775) in 7 included RCTs and no
statistically significant difference was observed in mortality from
the monoclonal antibody group to the placebo group (RR 1.18,
95% CI 0.15–9.47, P = 0.87; Figure 3C).

Subgroup Analysis
We established a subgroup to evaluate the efficacy and
safety in different pharmacological effects of monoclonal
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TABLE 1 | Characteristics of the included studies.

Study Monoclonal

antibody

Mechanism Publications Phase Regions Treatment

group, (No. of

participants)

Male (%) Mean age ± SD

(year)

AQP4

seropositive (%)

Add-on

drugs

mAb Placebo mAb Placebo mAb Placebo mAb Placebo

Nikoo et al. (23)

(NCT03002038)

Rituximab CD20 B cell

depletion

Journal of

neurology

III 1 center in Iran 33 35(AZA) 12.1 20 35.33 ±

8.98

32.35 ±

9.56

39.4 57.1 Azathioprine

(AZA) and

prednisolone in

placebo group.

Pittock et al. (29)

(NCT01892345)

Eculizumab C5 complement

inhibitor

New England

journal of

medicine

III 70 centers in 18

countries

96 47 8 11 35.8 ±

14.03

38.5 ±

14.98

100 100 Immunosuppressive

drugs in both

group.

Cree et al. (24)

(NCT02200770)

Inebilizumab CD19 B cell

depletion

Lancet II / III 99 centers in 25

countries

174 56 9 11 43.0 ±

11.6

42.6 ± 13.9 93 93 Prednisone in

both group.

Yamamura et al.

(27)

(NCT02028884)

Satralizumab Interleukin-6

receptor

blocker

New England

journal of

medicine

III 34 centers in 11

countries

41 42 10 5 40.8 ±

16.1

43.4 ± 12.0 66 67 AZA,

mycophenolate

mofetil,

glucocorticoids

in both group.

Tahara et al. (22)

(UMIN000013453)

Rituximab CD20 B cell

depletion

Lancet

neurology

II 8 centers in

Japan

19 19 11 0 53 47 74 68 Oral

glucocorticoids

in both group.

Traboulsee et al.

(25)

(NCT02073279)

Satralizumab Interleukin-6

receptor

blocker

Lancet

neurology

III 44 centers in 13

countries

63 32 27 3 36.4 ±

10.7

39.3 ± 13.3 65 72 None.

Zhang et al. (26)

(NCT03350633)

Tocilizumab Interleukin-6

receptor

blocker

Lancet

neurology

II 6 centers in

China

59 59(AZA) 7 10 48.1 ±

13.4

45.3 ± 14.5 85 90 Azathioprine

(AZA) in

placebo group.
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FIGURE 1 | The study search, selection, and inclusion process.

antibodies. Further, monoclonal antibodies were divided into
three subgroups depending on the different targets: (a) anti-
B cell monoclonal antibodies (anti-B) including rituximab
and inebilizumab; (b) anti-interleukin-6 receptor monoclonal
antibodies (IL-6) including: satralizumab and tocilizumab;
(c) anti-complement protein C5 monoclonal antibody (C5)
including eculizumab. Initially, eculizumab showed lower relapse
risk (anti-B: RR 0.34, 95% CI 0.21–0.54, P < 0.00001; IL-6: RR

0.45 95% CI 0.29–0.70, P = 0.0005; C5: RR 0.07, 95% CI 0.02–
0.23, P < 0.0001; Figure 4A) than other monoclonal antibodies.
It is worth mentioning that patients treated with eculizumab in
the study of Pittock et al. were all AQP4 seropositive. Probably, it
was a better choice for AQP4 seropositive patients to be treated
by eculizumab. More trials are needed to confirm this result from
Pittock et al. In addition, there were no significant differences
observed in ARR (anti-B: RR −0.31, 95% CI −0.45−0.18, P
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FIGURE 2 | The pooled relative risk of the efficacy outcomes. The blue diamond indicates the estimated relative risk (95% confidence interval) and the green diamond

indicates the mean difference (95% confidence interval) for all patients together. (A) on-trial relapse risk. (B), on-trial relapse risk without Pittock et al. (29). (C), ARR.

(D), EDSS score change.

< 0.00001; IL-6: RR −0.22, 95% CI −0.33−0.11, P < 0.0001;
C5: RR −0.33, 95% CI −0.48−0.18, P < 0.00001; Figure 4B)
among subgroups. From the perspective of the EDSS score
change (anti-B: RR −0.27, 95% CI −0.74–0.20, P = 0.26;
IL-6: RR −0.17, 95% CI −0.31−0.02, P = 0.02; C5: RR
−0.30, 95% CI −0.62–0.02, P = 0.06; Figure 5), we detected
that anti-interleukin-6 receptor monoclonal antibodies exhibited
significantly a better performance to improve functional recovery

than other monoclonal antibodies. When it comes to adverse
events (anti-B: RR 0.99, 95% CI 0.86–1.14, P = 0.91; IL-6: RR
1.03, 95% CI 0.91–1.16, P = 0.62; C5: RR 1.00, 95% CI 0.90–
1.11, P = 0.97; Figure 6A) and serious adverse events (anti-
B: RR 0.75, 95% CI 0.34–1.65, P = 0.48; IL-6: RR 0.80, 95%
CI 0.47–1.37, P = 0.42; C5: RR 0.78, 95% CI 0.57–1.06, P =

0.11; Figure 6B), no apparent differences were observed among
different subgroups.
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FIGURE 3 | The pooled relative risk of the safety outcomes. The diamond indicates the estimated relative risk (95% confidence interval) for all patients together. (A)

adverse events. (B) Serious adverse events. (C) Death rate.

Risk of Bias in Included Studies
The details of risk bias for 7 RCTs were showed in Figure 7.
All RCTs showed low risk of biases in the random sequence
generation, allocation concealment and selective reporting. For
the blinding of participants and personnel, the risk of bias was
high in 2 RCTs. For the blinding of outcome assessment, the risk
of bias was high in Nikoo et al. (23) and unclear in Zhang et al.
(26). In addition, Nikoo et al. (23) had unclear risk of incomplete
outcome data and other bias.

DISCUSSION

Based on the results of this meta-analysis, we consider that
monoclonal antibody therapy is effective and safe for the
treatment of NMOSD.

Disability of NMOSD patients which can primarily be assessed
using the EDSS score, are usually caused by irreversible damage
to the nervous system after recurrent attacks (32). The primary
goals of NMOSD treatment are to control the symptoms
including inflammatory response during acute episodes and
reduce the relapse risk in remissive stage (8). Therefore, generally
for the relapse risk, ARR and EDSS score changes are used as
indicators of the efficacy outcomes. Our meta-analysis illustrated
that monoclonal antibody therapy has significant benefits in
preventing recurrence. As shown in Figure 2A, we concluded
that monoclonal antibodies reduce the on-trial relapse risk but
heterogeneity was as high as 60%. The substantial heterogeneity
was likely from the different baseline characteristics such as
different monoclonal antibodies, pharmacological mechanisms,
AQP4 serology and add-on drugs. After excluding each RCT
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FIGURE 4 | Subgroup analysis of effect of monoclonal antibodies with different targets, the blue diamond indicates the estimated relative risk (95% confidence

interval) and the green diamond indicates the mean difference (95% confidence interval) for all patients together. (A) on-trial relapse risk in subgroup. (B) ARR in

subgroup. anti-B, anti-B cell monoclonal antibodies; IL-6, anti-interleukin-6 receptor monoclonal antibodies; C5, anti-complement protein C5 monoclonal antibody.

respectively, we found the superior effect of eculizumab in the
study of Pittock et al. (29) that produced such high heterogeneity.
When this RCT was excluded, the heterogeneity of relapse
risk dropped to 22% (Figure 2B). Additionally, it is worth

mentioning that only patients in the Pittock et al. (29) were
all AQP4 seropositive. Moreover, subgroup analysis based on
different pharmacological mechanisms were carried out and
the heterogeneity in each subgroup was observed to be in
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FIGURE 5 | Subgroup analysis of EDSS score change of monoclonal antibodies with different targets, the diamond indicates the mean difference (95% confidence

interval) for all patients together. anti-B: anti-B cell monoclonal antibodies, IL-6: anti-interleukin-6 receptor monoclonal antibodies, C5: anti-complement protein C5

monoclonal antibody.

the acceptable form (Figure 4A). Furthermore, we performed
a sensitivity analysis on relapse risk (Supplementary Figure 1)
which showed stable consolidated data. Therefore, we consider
that the results obtained for of relapse risk were reliable. In
addition, we discovered that monoclonal antibodies can reduce
ARR and disability. One of the main reasons for improving
neurological function might be related to monoclonal antibodies
lowering the relapse risk of NMOSD patients so as to attenuate
the damage of recurrent attacks. In spite of the statistical absence
for ARR and EDSS score change in 2 RCTs (24, 26), we can still
rely on monoclonal antibody therapy which is indeed able to
reduce ARR and EDSS score in NMOSD patients. Nonetheless,
from these obtained results, we suggest that monoclonal antibody
therapy should be recommended to NMOSD patients, whether
patient is AQP4 seropositive or not to prevent relapse and
improve functional recovery.

In the present study, as for the safety outcomes, more attention
was paid to adverse events and serious adverse events because
NMOSD showed an extremely low mortality rate in 7 RCTs.
Further, no significant difference was observed (Figure 3A)
between monoclonal antibody group and placebo group for
the adverse events. The main adverse events were: infection
(upper respiratory tract or urinary tract), headache, infusion-
related reaction, nasopharyngitis pain (limb, joint, or back), etc.
Interestingly, our meta-analysis exhibited monoclonal antibody
therapy might have a tendency to reduce serious adverse events
(Figure 3B). Types of serious adverse events were very various,
however, we found part of serious adverse events caused by
relapse and hence the results could be explained by the relapse-
preventing function of monoclonal antibodies. Additionally,
monoclonal antibodies may cause some specific adverse events

due to their special pharmacological mechanisms. Initially, anti-
B cell monoclonal antibodies such as rituximab and inebilizumab
can cause damage to B cells and reduce the human’s immune
function. It was also reported to increase the risk of cancer
and infections (33). However, only two patients were diagnosed
with malignant tumors in the seven RCTs [uterine cancer in
Tahara et al. (22) and multiple myeloma in Zhang et al. (26)].
The studies carried out by Tahara et al. and Zhang et al.
claimed that the occurrence of malignant tumors was not
related to their treatment by monoclonal antibodies. Further,
previous studies also reported the existence of a risk factor for
invasive meningococcal disease among patients who received
eculizumab despite receipt of meningococcal vaccine (12).
However, we found only one case of meningococcal septicemia
after vaccination during the treatment of eculizumab in the study
of Pittock et al. (29). Subsequently, the anti-IL6R monoclonal
antibodies such as satralizumab and tocilizumab resulted in
dyslipidemia, however, it did not increase risk of cardiovascular
or cerebrovascular diseases (34). Based on these safety outcomes,
we concluded that monoclonal antibody therapy is safe and even
safer than non-monoclonal antibody therapy.

Subgroup analysis were created to compare the monoclonal
antibodies of three different targets. Initially, anti-B cell
monoclonal antibodies (anti-B) included rituximab, and
inebilizumab (MEDI-551). Rituximab can bind to CD20
epitopes expressed by prep and mature B cells to cause the
destruction of B cells (35). It was reported that rituximab
has acceptable tolerance, reduces the relapse frequency, and
improves disability in most patients with NMOSD (36, 37). The
target of inebilizumab is the CD19 epitope also expressed by
B cells. Compared with rituximab, inebilizumab can damage B
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FIGURE 6 | Subgroup analysis of safety of monoclonal antibodies with different targets, the diamond indicates the estimated relative risk (95% confidence interval) for

all patients together. (A) adverse events in subgroup. (B) serious adverse events in subgroup. anti-B, anti-B cell monoclonal antibodies; IL-6, anti-interleukin-6

receptor monoclonal antibodies; C5, anti-complement protein C5 monoclonal antibody.
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FIGURE 7 | Risk of bias: A summary table for each risk of bias item for each

study.

cells more broadly, and remove the plasma blasts that produce
AQP4-antibodies orMOG-antibodies (38). The second subgroup
named anti-interleukin-6 receptor monoclonal antibodies (IL-6)
consisted of satralizumab and tocilizumab. These antibodies are
humanized reconstituted monoclonal antibodies which target
the IL-6 receptor (IL-6R) and have the same pharmacological
mechanism. When Satralizumab and tocilizumab are combined
with IL6-R, they prevent the differentiation of inflammatory
Th17 cells and plasma blasts. The difference between the two
monoclonal antibodies is that satralizumab was designed to
improve pharmacokinetics by applying the “antibody recycling
technology” to tocilizumab (39). The third subgroup consisted
of anti-complement protein C5 monoclonal antibody (C5).
This group only had eculizumab which can bind to C5 to
inhibit its cleavage into C5a and C5b to prohibit complement
activation (40).

We conducted the subgroup analysis to detect whether there
were any differences in efficacy and safety outcomes among
above-mentioned three kinds of monoclonal antibodies. The
results revealed that eculizumab might be better at preventing
relapse (Figure 4A) than other monoclonal antibodies. Earlier,

NMOSD was considered as an inflammatory autoimmune
disease related to the central nervous system. However,
through pathological results, it was reported that NMOSD
(at least AQP4 seropositive patients) was an astrocytic lesion
leading to oligodendrocyte injury and demyelination (41). The
cause of astrocyte injury might be the antibody-dependent
cytotoxicity induced by the complements activation which
resulted from binding AQP4-IgG to their targets (42). In
addition, complementary anaphylatoxins (including C5a and
C4a) played an important role in aggravating the inflammatory
response (43). Patients treated with eculizumab in the study
of Pittock et al. (29) were all AQP4 seropositive. Based
on the latest pathogenesis reports, eculizumab, as anti-
complement protein C5 monoclonal antibodies, is probably
able to avoid complementary activation, reduce astrocyte injury,
demyelination, and prevent recurrence in AQP4 seropositive
patients. Therefore, until now eculizumab is probably the
best choice for AQP4 seropositive patients to prevent relapse.
However, more trials are required for eculizumab in AQP4
seropositive to confirm this hypothesis. Besides, another
speculation should be also put forward: eculizumab might have a
better therapeutic effect not only on AQP4 seropositive patients
but also onAQP4 seronegative patients. The therapeutic effect for
patients with seronegative is still unclear. Therefore, clinical trials
for eculizumab including patients with mixed AQP4 serology are
needed to confirm these assumptions.

Compared with other monoclonal antibodies, anti-
interleukin-6 receptor monoclonal antibodies (IL-6)
reduced EDSS score (Figure 5) more effectively in NMOSD
patients. It was reported that IL-6 increases blood-brain
barrier permeability; anti-interleukin-6 receptor monoclonal
antibody specifically binds to soluble membrane interleukin-
6 receptors and inhibits IL-6 signal transduction (38). The
weaker inflammatory response results in less damage to the
central nervous system after using anti-interleukin-6 receptor
monoclonal antibody. Hence, the degree of disability assessed
by the EDSS score was lower than other monoclonal antibodies.
In addition, no statistically significant differences were observed
among 3 kinds of monoclonal antibodies in terms of ARR,
adverse events and serious adverse events (Figures 4B, 6A,B).
Nonetheless, more clinical trials which can evaluate three types
of monoclonal antibodies with each other on their efficacy and
safety outcomes need to be conducted.

In terms of the current situation of monoclonal antibody
therapy for NMOSD, only rituximab was widely used in
clinical practice. However, initially, merely some open-label, non-
controlled, and non-randomized observational studies provided
evidence of the efficacy of rituximab in the treatment of NMOSD.
Some data showed that the percentage of patients treated with
rituximab for 12–60 months without recurrence ranges from
33 to 100% (16, 35, 44–52). It was the powerful efficacy of
rituximab that led to rituximab being increasingly used in
first-line treatment (16, 19). Recently, eculizumab has been
approved by the US Food and Drug Administration (FDA) for
the treatment of NMOSD and it will gradually enter the field
of clinical treatment. Some of the other monoclonal antibodies
mentioned in this article, such as inebilizumab, satralizumab,
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and tocilizumab etc. have not been used in clinical treatment
and are still in clinical trials at the time of writing. Meanwhile,
other monoclonal antibodies which have not been assessed by
randomized controlled trials might have great potential to treat
NMOSD patients. Natalizumab, a monoclonal anti-body against
the adhesion molecule α4 integrin (CD49d), can interfere with
the entry of B cells into the central nervous system (53), which is
believed to be the theoretical basis for the treatment of NMOSD.
However, the study carried out by Lee et al. (54) and Kleiter
et al. (55) deemed that natalizumab might not work effectively
on patients with NMOSD (54, 55). Aquaporumab, a non-
pathogenic recombinant human monoclonal antibody against
AQP4 protein, can prevent the pathogenic AQP4 antibodies
binding to AQP4 with means of its Fab portion (56). Previous
studies have showed that Aquaporumab can decrease brain
injury in NMOSD mouse models (57), however, no clinical trials
have been carried out to prove such effect of Aquaporumab
in humans. In addition, it is reported that another anti-CD20
monoclonal antibody (ublituximab) which contains few fucoses
was launched recently. Ublituximab was considered to combine
FcγRIIIa more effectively and has better ADCC than rituximab
(58). However, during our meta-analysis, we had insufficient
clinical data for ublituximab in the treatment of NMOSD.
Bevacizumab, a recombinant humanized monoclonal antibody
binding to vascular endothelial growth factor (VEGF), can
prevent the paracrine and autocrine of VEGF in astrocytes or
endothelial cells, which may also be a crucial role in NMOSD
treatment (59). The clinical study carried out by Mealy et al. with
10 patients deemed bevacizumab as a safe add-on drug based
on high-dose corticosteroids in acute relapse stage (60). Overall,
we expected more RCTs about natalizumab, aquaporumab,
ublituximab, bevacizumab, or other new monoclonal antibodies
about NMOSD treatment to benefit more patients.

To our best knowledge, this is the first meta-analysis carried
out for comparing different kinds of monoclonal antibodies,
using evidences completely based on RCTs. Previous meta-
analyses were focused on rituximab and mainly based on
retrospective studies (36, 37, 61, 62). These meta-analyses pooled
the data from uncontrolled trials with a heterogeneous dataset
which were flawed with the inevitable existence of deviations.
Our meta-analysis was different from previous studies. We
included all randomized controlled trials which was the best
method to divide risk factors into two groups. Although there
was another meta-analysis discussing the effectiveness and safety
of monoclonal antibodies, however, it only contained 4 RCTs and
did not compare monoclonal antibodies with different targets in
subgroup analysis (63).

This meta-analysis has few limitations including: (a) Our
meta-analysis only pooled seven RCTs (22–27, 29), and therefore
collected data was limited. (b) We included 7 RCTs which
showed heterogeneity in relapse risk (I2 = 60%). Further, the
sensitivity analysis demonstrated that the consolidated data was

stable but the drawback could not be neglected. (c) Present
meta-analysis employed different kinds ofmonoclonal antibodies
and some of these included RCTs reserved add-on drugs like
immunosuppressors in order to prevent relapse. This might also
increase the heterogeneity in our meta-analysis. (d) Compared
with the previous meta-analysis about the effectiveness and safety
of monoclonal antibodies, we added 3 RCTS but our results were
similar to those in the previous one.

CONCLUSION

In conclusion, monoclonal antibody therapy could effectively
reduce the relapse risk, ARR, EDSS score and serious
adverse events in NMOSD patients. During analysis, no
significant differences were observed in adverse events and
mortality between monoclonal antibody and placebo groups.
In subgroup analysis, we detected that eculizumab (anti-
complement protein C5 monoclonal antibody) might be the
most effective monoclonal antibody for relapse prevention
in AQP4-positive patients. In addition, satralizumab and
tocilizumab (anti-interleukin-6 receptor monoclonal antibodies)
might reduce patients’ EDSS score and improve functional
recovery more effectively than other types of monoclonal
antibodies. Therefore, we conclude that monoclonal antibody
therapy for NMOSD is effective and safe, however, more clinical
trials are needed to further investigate this issue.
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Objective: Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis is the most

common type of autoimmune encephalitis. This study focuses on finding new biomarkers

to evaluate the clinical condition and provide new directions for treatment.

Methods: A total of 44 cytokines/chemokines in the cerebrospinal fluid of 10

non-paraneoplastic patients and nine controls were measured. We selected some

of the cytokines/chemokines that significantly increased in patients. Six selected

cytokines/chemokines, including IL-10, CXCL10, CCL22, CCL3, IL-7, TNF-α, and three

previously reported (IL-2, IL-6, and IL-17A), were measured in seven other patients

who provided repeat samples. We compared their levels and explored correlations with

severity of disease and antibody titers.

Results: The levels of Th1 axis (CXCL10, TNF-α, IFN-γ, CCL3), Th2 axis (CCL1, CCL8,

CCL17, CCL22), Treg axis (IL-10), Th17 axis (IL-7), and B cell axis (CXCL13) cytokines,

as well as IL-12 p40 and IL-16, were significantly higher in patients compared to those

in controls. The level of IL-2 was significantly decreased at the intermediate stage of

treatment compared with that before treatment. The severity of disease is positively

correlated with levels of CXCL10, CCL3, IL-10, CCL22, and IL-6. The level of CCL3

in the high antibody titer group was greater than that in the low antibody titer group.

Conclusion: The pathogenesis of anti-NMDAR encephalitis involves T cell and B cell

cytokines. T cells likely assist B cells to produce antibodies. IL-2, CXCL10, CCL3, IL-10,

CCL22, and IL-6 may represent new biomarkers in anti-NMDAR encephalitis. Given the

lack of research on IL-10, CCL3, and CCL22 in this disease, it will be informative to

explore their potential role in pathogenesis in larger studies.
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INTRODUCTION

Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis is
the most common type of autoimmune encephalitis, accounting
for about 80% of patients (1). Dalmau and colleagues described
the clinical characteristics of anti-NMDAR encephalitis, which
is caused by specific immunoglobulin G (IgG) antibodies
against NMDAR on the neuron membrane (2). The antibody-
mediated progressive deficiency of NMDAR and the gradual
recovery of receptor function with decreased antibody titer
may be the cause of aggravation and remission of the disease,
respectively (3).

Clinically, antibody titer can reflect the severity of the disease,
but this has some limitations. Continuous intrathecal synthesis
of antibody does not necessarily indicate that encephalitis
is in the active phase. In some patients, antibody titers do
not change significantly when clinical symptoms are alleviated
and can remain positive even after complete recovery (4, 5).
Recently available indicators of neuro-inflammation are not
highly sensitive, for example, MRI of the head is abnormal in
only 30% of affected patients (6). Cerebrospinal fluid (CSF)
markers including cytological examination, oligoclonal banding,
and CSF-IgG synthesis rate also lack sensitivity and specificity.

Inflammation is associated with the development and
progression of cancer, stroke, and coronary artery disease (7–9).
However, little research has been done on its role in anti-NMDAR
encephalitis. It has been reported that prolonged or secondary
elevation of CXCL13 is associated with relapse or poor response
to treatment (10). High levels of BAFF and APRIL in CSF suggest
poor prognosis (11). Anti-NMDAR encephalitis is characterized
by the activation of Th17-related factors IL-17 and IL-6 (12). The
level of Th1-related factor CXCL10 increases in CSF in the early
stage, while TNF-α and IFN-γ increase in CSF at all stages (13).
In addition, tocilizumab (an IL-6 inhibitor) and low-dose IL-2 are
effective in the treatment of patients with refractory autoimmune
encephalitis (14, 15).

Cytokines/chemokines, as important immunoregulatory
factors, play a key role in complex inflammatory reactions.
Therefore, we compared the levels of T cell- and B cell-
related cytokines/chemokines in the CSF of patients with
anti-NMDAR encephalitis and controls and discovered
cytokines/chemokines that significantly increased in the acute
phase of the disease. Then, we measured some of the selected
cytokines/chemokines (IL-10, CXCL10, CCL22, CCL3, IL-7,
TNF-α) and IL-2, IL-6, and IL-17A in patients with anti-NMDAR
encephalitis who provided CSF samples several times to find new
biomarkers for clinical evaluation and to provide new directions
for treatment.

MATERIALS AND METHODS

Subjects and Samples
Firstly, 10 patients (n = 10) with non-paraneoplastic anti-
NMDAR encephalitis were recruited to the Central Laboratory
of Beijing Tongren Hospital from June 2016 to June 2018 and
provided CSF. They met the following criteria: (a) diagnosis

met the Graus and Dalmau criteria (16) and (b) the titer of
anti-NMDAR antibody in CSF was more than 1:100–1:320.
Nine patients (n = 9) who provided CSF were recruited
to the control group. The main diagnosis of the group
included cranial hypertension syndrome, intracranial venous
sinus thrombosis, and pseudooptic papillary edema. Their
autoimmune encephalitis antibody in CSF was negative. In
addition, subjects who met the following exclusion criteria
were excluded: (1) definite or suspected central nervous system
infection, (2) definite or suspected neuromyelitis optica spectrum
disorders or multiple sclerosis (MS), (3) definite or suspected
systemic immune disease, and (4) abnormal routine CSF,
biochemical, and CSF-IgG synthesis rate results. Ten samples
from anti-NMDAR encephalitis patients plus nine samples from
controls were collected for testing.

Subsequently, another seven patients with non-paraneoplastic
anti-NMDAR encephalitis were recruited to the Central
Laboratory of Beijing Tongren Hospital from February 16, 2016
to November 13, 2018, who provided CSF at different stages of
the disease. Their diagnosis met the Graus and Dalmau criteria
(16). Twenty-seven samples from themwere collected for testing.

The studies involving human participants were reviewed and
approved by the ethics committee of Beijing Tongren Hospital,
Capital Medical University. The patients or their legal guardians
provided their written informed consent to participate in this
study. All experiments were performed in accordance with
relevant guidelines and regulations.

Methods
Collection and Preservation of Samples
CSF samples were collected and separated into Eppendorf tubes.
The samples were frozen at −80◦C and thawed no more
than twice.

Quantitative Detection of Cytokines/Chemokines
MILLIPLEX MAP multiple biomarker detection technology
was used. The HCYTOMAG-60K Human Cytokine/Chemokine
Magnetic Bead Panel was used to detect 29 cytokines/chemokines
including IL-10, IL-12 p40, IL-12 p70, IL-13, IL-15, IL-17A,
CXCL10, CCL2, CCL7, CCL22, CCL3, CCL4, CCL11, CX3CL1,
G-CSF, GM-CSF, GRO, IFN-α2, IFN-γ, IL-1β, IL-1Ra, IL-2,
IL-4, IL-5, IL-6, IL-7, IL-8, CCL5, and TNF-α. HCYP2MAG-
62K Human Cytokine/Chemokine Panel II was used to detect
a further 15 cytokines/chemokines including CCL21, CCL27,
CXCL5, CCL24, CCL26, CCL1, IL-16, IL-21, IL-23, CXCL13,
CCL8, CCL13, CCL15, CXCL12, and CCL17 (Table 1).

Data Analysis and Statistics
Statistical analyses were performed using SPSS 22.0 and R
language. Statistical graphs were generated using GraphPad
Prism 7.0. Medians and ranges were used to describe the
quantitative data. Fisher’s exact test was used for comparisons
between frequency of categorical variables. Mann–Whitney U
test was used for pairwise comparisons. Kruskal–Wallis test
was used to compare multiple groups of samples, with Mann–
Whitney U test for post hoc analysis and Bonferroni correction.
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TABLE 1 | Cytokines/chemokines detected in the study.

Magnetic bead panel Th1 axis Th2 axis Treg axis Th17 axis B cell axis Broad spectrum

HCYTOMAG-60K IFN-γ IL-2 IL-10 IL-6 IL-12 p40

TNF-α IL-4 IL-7 IL-12 p70

CXCL10 IL-13 IL-8 IL-15

CCL3 CCL22 IL-17A CCL2

CCL5 CCL7 G-CSF CCL4

CCL11 GM-CSF CX3CL1

GRO

IFN-α2

IL-1β

IL-1Ra

IL-5

HCYP2MAG-62K CCL1 IL-23 CXCL13 CCL21

CCL8 CXCL12 CCL27

CCL13 CXCL5

CCL17 CCL24

CCL26

IL-16

IL-21

CCL15

Th, helper T cell; Treg, regulatory cells.

Correlations between parameters were analyzed using Spearman
correlation; p < 0.01 was considered to be significant in the
comparison of samples between patients with anti-NMDAR
encephalitis and controls, and p < 0.05 was considered to be
significant in other comparisons.

RESULTS

Identification of Cytokines/Chemokines
That Increase in the Acute Phase of
Anti-NMDAR Encephalitis
Clinical Data in Part One of the Study
The median age of patients with anti-NMDAR encephalitis was
27 (14–35) years, and 60% were female. The median age of
controls was 38 (15–53) years, and 100% were female. There
was no significant difference in age (P = 0.211) and gender (P
= 0.087) between patients and controls. The detailed clinical
presentations and MRI, EEG, and CSF findings are shown in
Supplementary Table 1.

Comparison of the Levels of Cytokines/Chemokines

Between Patients With Anti-NMDAR Encephalitis and

Controls
Statistical analysis showed that the levels of IFN-γ (P = 0.001),
TNF-α (P < 0.001), CXCL10 (P = 0.001), CCL3 (P = 0.001),
CCL1 (P= 0.001), CCL8 (P= 0.007), CCL17 (P= 0.005), CCL22
(P < 0.001), IL-7 (P = 0.005), CXCL13 (P = 0.001), IL-10 (P =

0.002), IL-12 p40 (P = 0.002), and IL-16 (P = 0.004) in CSF were
significantly increased in patients with anti-NMDAR encephalitis
compared to those of controls (Figure 1).

Longitudinal Changes in
Cytokines/Chemokines in Patients With
Anti-NMDAR Encephalitis
Clinical Data in Part Two of the Study
Four males and three females with anti-NMDAR encephalitis
were recruited. Their median age was 20 (17–35) years. The
median follow-up time was 15 (8–29) months. The clinical
symptoms of patients at the peak of the disease included
one or more of the following: abnormal behavior, seizures,
speech dysfunction, involuntary movement, coma, autonomic
dysfunction, hypoventilation, focal neurological lesions, and
cognitive dysfunction. Four patients had changes in brain
MRI and 6 in electroencephalogram. Treatment was initiated
within 1.5 months from the onset of the disease in all
patients and included intravenous immunoglobulin (IVIG)
and/or corticosteroids. Rituximab (RTX) was used in patient 3.
Patients 1, 5, 6, and 7 were treated with mycophenolate mofetil
(MMF) to prevent recurrence (Table 2).

Clinical condition was assessed by the modified Rankin score
(mRS). ThemedianmRS of patients with only first-line treatment
(IVIG/corticosteroids), first-line treatment plus MMF, and first-
line treatment plus RTX was 2.5 (0–5), 2 (0–5), and 3 (2–4),
respectively. One recurrence occurred in patient 1 during follow-
up; his mRS went up after falling. The other nine patients showed
a downward trend in mRS over time, and their clinical symptoms
gradually improved (Figure 2).

Change in Cytokines/Chemokines at Different Stages

of Anti-NMDAR Encephalitis
Twenty-five of 27 samples were divided into three groups. Group
1 comprised patients before treatment. Group 2 comprised
patients whose treatment had lasted for 2–3 months (the
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FIGURE 1 | Comparison of the level of cytokines/chemokines between anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis group and control group.

Mann–Whitney U test was used. Only cytokines/chemokines that were statistically significantly different and selected for the next experiment are shown. Median

cytokine/chemokine levels are indicated. **P < 0.01, ***P < 0.001. NMDA, anti-NMDAR encephalitis group; Control, control group.

intermediate stage of treatment). Group 3 comprised patients
whose treatment had lasted for more than 3 months (the late
stage of treatment). mRS decreased gradually with treatment. The
positivity rate of anti-NMDAR antibody decreased in group 2
compared to that in group 1, while it went up slightly in group
3 (Table 3).

In each group, the average was taken for patients who
provided two or more samples. Statistical analysis showed that
the level of IL-2 was significantly different between groups 1 and 2
(P= 0.015). The level of IL-2 showed a downward trend from the
early to the intermediate stage of treatment and increased again
at the later period (not statistically significant between groups 2
and 3). There were no significant differences in the levels of other
cytokines/chemokines between groups (Figure 3).

Correlation Between mRS and

Cytokines/Chemokines in Patients With Anti-NMDAR

Encephalitis
mRS was positively correlated with the levels of CXCL10 (r =
0.490, P = 0.01), CCL3 (r = 0.548, P = 0.003), IL-10 (r = 0.392,
P = 0.043), CCL22 (r = 0.444, P = 0.02), and IL-6 (r = 0.391, P
= 0.044) (Figure 4).

Comparison of the Level of Cytokines/Chemokines at

Different Antibody Titers
Twenty-seven samples were divided into two groups according
to antibody titer. C1 included 14 samples, and the titer ranged
negative ∼1:100. C2 included 13 samples, and the titer ranged
more than 1:100∼1:320. Statistical analysis showed that the level

of CCL3 (P = 0.022) was significantly increased in C2 compared
to that in C1. There were no significant differences in the levels
of the remaining cytokines/chemokines between the two groups
(Figure 5).

Comparison of the Level of Cytokines/Chemokines

Between RTX Group and MMF Group
There were no significant differences in the levels of
cytokines/chemokines between the two groups.

Single Case Study
We collected samples of patient 5 at 10, 94, 250, and 450 days
after disease onset. The mRS at these four time points was 5, 2, 2,
and 2 respectively. The antibody titer was 1:320, 1:320, 1:320, and
1:320. The clinical symptoms improved on day 94 compared with
those in day 10. Despite equal antibody titers in the CSF, the levels
of IL-10, CCL22, IL-17A, IL-2, IL-6, CXCL10, CCL3, and TNF-
α decreased. Unexpectedly, all cytokine/chemokine levels in CSF
on day 450 were higher than those on day 252, even if the patient’s
symptoms remained stable (Figure 6).

DISCUSSION

There has been no previous literature on anti-NMDAR
encephalitis selecting cytokines/chemokines by such an extensive
measurement. In the present study, the levels of cytokines
associated with the Th1 axis (CXCL10, TNF-α, IFN-γ, CCL3),
Th2 axis (CCL1, CCL8, CCL17, CCL22), Treg axis (IL-10),
Th17 axis (IL-7), B cell axis (CXCL13), and IL-12 p40/IL-16
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TABLE 2 | Clinical data in part two of the study.

Patient Age

(years)

Follow-up

time

(months)

Symptoms at the peak of

the disease

MRI EEG Time to start

treatment

(days)a

Therapyb

1 30–35 9 Abnormal behavior,

cognitive dysfunction

Abnormal signals beside the

anterior horn of the bilateral

ventricles

Each lead on both

sides mixed with

6–7Hz of slow wave

9 IVIG: 2 g/kg

MP: 1g/day * 3 days,

then decreasing

sequentially

MMF: 1.5 g/day

2 20–25 29 Abnormal behavior,

cognitive dysfunction,

seizures, involuntary

movement

Normal A large amount of

5–7Hz of slow waves

27 IVIG: 2 g/kg

MP: 1 g/day * 3 days,

then

decreasing sequentially

3 16–20 8 Abnormal behavior,

seizures, speech

dysfunction, coma,

hypoventilation, cognitive

dysfunction

Abnormal signals beside the

anterior horn of the bilateral

ventricles

Slow wave

background, reduced

voltage

24 IVIG: 4 g/kg

MP: 1 g/day * 3 days,

then decreasing

sequentially

RTX: 375 mg/m2, once a

week for 4 weeks

4 16–20 13 Seizures, involuntary

movement, autonomic

dysfunction, cognitive

dysfunction

Multiple abnormal signals in

bilateral temporal pole,

insular lobe, hippocampus,

and left frontal cortex

Paroxysmal,

medium–high

amplitude 3–7Hz of

slow wave in each

lead

10 IVIG: 4 g/kg

PA: 30 mg/day, then

decreasing sequentially

MP: 1 g/day * 3 days,

then

decreasing sequentially

5 16–20 15 Abnormal behavior,

seizures, involuntary

movement, autonomic

dysfunction, hypoventilation,

stiff neck, cognitive

dysfunction

Normal Moderate to severe

abnormality,

consistent with

change in

encephalitis

8 IVIG: 2 g/kg

MP: 1 g/day * 3 days,

then decreasing

sequentially

MMF: 0.5 g/day

6 26–30 23 Seizures, involuntary

movement, left hand

numbness

Normal Mild abnormality 44 MP: 0.5 g/day * 3 days,

then decreasing

sequentially

MMF: 0.25 g/day

7 16–20 20 Seizures, cognitive

dysfunction

Suspected mild meningitis

in both temporal regions

Normal 31 IVIG: 10 g/kg

MMF: 1 g/day

aDays of onset when anti-NMDAR encephalitis treatment was initiated.
b IVIG (intravenous immunoglobulin)—The dose of IVIG for a course was 2 g/kg, which was intravenously infused over 5 days; MP (methylprednisolone)—The dose of 0.5–1 g/day was

continuously intravenously infused for 3 days and reduced by half every 3 days until oral administration; then, the reduction was 4mg every 2 weeks. The total course was about 6

months; MMF (mycophenolate mofetil)—This treatment was maintained for at least 1 year. RTX (rituximab). PA (prednisone acetate).

in anti-NMDAR encephalitis were significantly higher than
in the controls. The levels of IL-6 and IL-17A, implicated
in previous literature (12), did not increase significantly. It
was probably that all of our patients were in the acute
phase of the disease with a high antibody titer. Perhaps the
balance of cytokines/chemokines makes IL-6 and IL-17A not
significantly increase.

According to the introduction of immune mechanisms in
Janeway’s Immunobiology (17), we speculate the following
immune process. IL-7 can promote the differentiation of
precursor B cells and precursor T cells. Th1 and Th2 axis-
related cytokines/chemokines can promote the differentiation of
CD4+ T cells into Th1 and Th2. CXCL10 and CCL3 mediate
the chemotaxis of Th1 cells to pathologic sites, while CCL1,
CCL8, CCL17, and CCL22 mediate the chemotaxis of Th2 cells
to pathologic sites and stimulate the production of associated
antibodies by B cells. Th1 cells produce TNF-α to promote

inflammation and IFN-γ which controls Th1 differentiation.
Additionally, CXCL10 and CXCL13 can help the B cells to
produce antibody. CCL17 and CCL22 can also promote the
differentiation of CD4+ T cells into Treg, while Treg produces
IL-10, which is able to inhibit the activation and differentiation
of other immune cells, thus facilitating the recovery of patients.
Thus, the pathogenesis of anti-NMDAR encephalitis involves
T cells and B cells, with T cells likely to assist B cells in
antibody production.

The levels of some selected cytokines/chemokines were
detected in patients who provided samples several times,
including molecules associated with Th1 axis (CXCL10, TNF-α,
CCL3), Th2 axis (CCL22), Treg axis (IL-10), and Th17 axis (IL-
7). Previous studies have shown that tocilizumab and low-dose
IL-2 were effective in the treatment of refractory autoimmune
encephalitis (14, 15, 18). Therefore, te levels of IL-2, IL-6, and
IL-17A were also assessed.
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FIGURE 2 | Modified Rankin score (mRS) in patients in part two of the study.

Green: only first-line treatment (IVIG/corticosteroids). The median mRS was

2.5 (0–5). Blue: first-line treatment plus mycophenolate mofetil. The median

mRS was 2 (0–5). Red: first-line treatment plus rituximab. The median mRS

was 3 (2–4). One recurrence occurred in patient 1 during follow-up; his mRS

went up after falling. The other nine patients showed a downward trend in

mRS over time, and their clinical symptoms gradually improved.

In the present study, IL-2 decreased significantly at the
intermediate stage of treatment (group 2) compared with
before treatment (group 1). All the patients received first-line
treatment (IVIG and/or glucocorticoids), and those in group
2 were in the first-line treatment period. IVIG and high-
dose glucocorticoid pulse therapy could inhibit the production
of various inflammatory cytokines/chemokines. However, their
period of effectiveness was short (19), resulting in the level
of IL-2 at the late stage of treatment (group 3) to increase
with a reduction in glucocorticoid dosage. In addition, low-
dose IL-2 can restore the balance between Treg and effector
T cells in autoimmune diseases (20), which may be another
reason why the level of IL-2 in group 3 went up. The results
indicate that IL-2 level during treatment could be used to
evaluate the therapeutic effects and the immune response status
of patients. As mRS decreased gradually during the three
treatment periods, the positivity rate of anti-NMDAR antibody
decreased at the intermediate stage of treatment, while it went
up slightly at the late stage of treatment. This phenomenon
suggests that antibody titers do not necessarily reflect disease
status. Therefore, we then explored the correlation between
mRS and cytokines/chemokines, finding that mRS was positively
correlated with CXCL10, CCL3, IL-10, CCL22, and IL-6.

CXCL10 binds to C-X-C receptor 3 (CXCR3). High levels
of CXCL10 in tissue fluids are a marker of immune response,
especially that related to Th1. Th1 cells recruited by CXCL10
promote the production of IFN-γ and TNF-α, which can
further stimulate the secretion of CXCL10 (21) and increase
the persistence of the immune response. In patients with viral
encephalomyelitis, IFN-γ can induce memory B cells to express
CXCR3 (22) and respond to elevated CXCL10, promoting the
production of antibody in the central nervous system (CNS)

TABLE 3 | Basic data of patients with anti-N-methyl-D-aspartate receptor

(NMDAR) encephalitis at different stages of the disease.

Samples/

patients

Duration

(days)a
Positivity rate of

anti-NMDAR

antibody

mRS

Group 1 5/5 24 (8–40) 100% 5 (3–5)

Group 2 8/7 111 (63–186) 87.50% 2 (1–4)

Group 3 12/7 444 (196–856) 91.70% 2 (0–3)

aTime from the collection of the samples to the first clinical symptoms.

FIGURE 3 | Levels of cytokines/chemokines in patients at different stages of

disease. Kruskal–Wallis test with Mann–Whitney U test for post hoc analysis

and Bonferroni correction were used. Only changes in IL-2 between group 1

and group 2 were statistically significant. Group 1: before treatment. Group 2:

treatment had lasted for 2–3 months (the intermediate stage of treatment).

Group 3: treatment had lasted for more than 3 months (the late stage

of treatment).

(23). Previous literature has reported significantly increased
CXCL10 in the active phase of rheumatoid arthritis, Sjogren’s
syndrome, systemic lupus erythematosus, and other autoimmune
diseases (24). CCL3, which binds to C-C receptor 1 (CCR1),
CCR4, and CCR5, is an activator of innate and adaptive
immune responses and plays a key role in regulating lymph
node homing of dendritic cells and inducing antigen-specific
T cell responses. CCL3 is released in large quantities during
induction of the Th1 immune response. Indeed its production
is an important mechanism for maintaining cell recruitment
during inflammatory responses (25). The role of CCL3 in
autoimmune diseases is seldom discussed in the literature.
CCL22 is the ligand of C-C cytokine receptor 4 (CCR4). Activated
macrophages, associated with Th2 responses and tissue repair,
can produce large amounts of CCL22 (26). Bone marrow cells
can induce the production of CCL22 via Th2-related cytokines
IL-4 and IL-13 and play a positive feedback amplification role
in Th2 inflammatory reactions (27, 28). Previous literature
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FIGURE 4 | Correlations between Modified Rankin score (mRS) and cytokines/chemokines. Spearman correlation analysis was used. mRS was positively correlated

with CXCL10, CCL3, IL-10, CCL22, and IL-6 (p < 0.05).

FIGURE 5 | Comparison of the level of cytokines/chemokines at different

antibody titers. C1: antibody titer in cerebrospinal fluid (CSF) was negative

∼1:100, n = 14. C2: Antibody titer in CSF was more than 1:100∼1:320, n =

13. Mann–Whitney U test was used. The level of CCL3 was significantly

increased in C2 compared to that in C1 (p < 0.05).

has reported that CCL22 in the CSF of MS patients increases
significantly, while natalizumab (a blocking antibody against
adhesion molecule integrin α4) could reduce CCL22 (29, 30).
IL-6 is essential for B cells to differentiate into plasma cells and
produce antibodies (31). It can promote the production of Th2
axis cytokines IL-4 and IL-13 to enhance Th2 differentiation,
while inhibiting the differentiation of Th1, and is a regulatory
factor that maintains the functional balance of Th1 and Th2 (32).

IL-6 promotes Th17 differentiation by activating transcription
factors and can block the formation and activity of Treg, so it is
also considered as a regulator, balancing Treg and Th17 (33).

Unlike the above-mentioned cytokines/chemokines, IL-10
is considered to negatively regulate the immune response
process. IL-10 is an anti-inflammatory cytokine, which can
restrict inflammatory and immunopathological processes in
many CNS diseases. After binding with a receptor, it transmits
signals which reduce the expression of cytokine/chemokine
genes, restrains antigen presentation to T cells (34, 35), and
enhances the expression of anti-apoptotic factors that prevent
cell apoptosis. Our results indicated that the autoimmune
reaction intensified and the clinical symptoms progressed
with increased CXCL10, CCL3, CCL22, IL-6, and IL-10. This
provides evidence supporting the effectiveness of tocilizumab
(an IL-6 inhibitor) in the treatment of refractory anti-NMDAR
encephalitis (14, 18). The progression of the disease stimulates
the expression of IL-10 to inhibit immune inflammation and
tissue damage, thus balancing various immune pathways and
promoting recovery from the disease. Meanwhile, the level
of these cytokines/chemokines decreased gradually with an
improvement of the clinical condition, suggesting that the
inflammatory immune response decreases gradually. Moreover,
the level of CCL3 was significantly increased with high antibody
titers, suggesting that it could relate to the synthesis of anti-
NMDAR antibodies. Leypoldt et al. (10) reported that the level
of CXCL13 in CSF was related to the intrathecal synthesis of
anti-NMDAR antibodies.

MMF can inhibit the proliferation of T cells and B cells,
while RTX targets B cells. However, there were no significant
differences in the levels of cytokines/chemokines between the
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FIGURE 6 | Patient 5 data. We collected four samples at 10, 94, 250, and 450 days after disease onset. Modified Rankin score at these four time points were 5, 2, 2,

and 2, respectively. Antibody titer was 1:320, 1:320, 1:320, and 1:320. Clinical symptoms improved on day 94 compared with those on day 10. Despite equal

antibody titers in the cerebrospinal fluid, the levels of IL-10, CCL22, IL-17A, IL-2, IL-6, CXCL10, CCL3, and TNF-α decreased.
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two treatments. B cells can contribute to MS pathogenesis by
activating T cells (36). We speculate that the targeting effect
of RTX on B cells also inhibits the activation of T cells in
anti-NMDAR encephalitis, resulting in a decrease in T cell-
related cytokines.

Patient 5 was a typical patient with no significant change
in antibody titer when the clinical symptoms improved. In the
early and intermediate stage of the disease, the level of most
cytokines/chemokines decreased alongside the improvement of
clinical symptoms, but increased unexpectedly in the later
stage. The treatment of corticosteroids is usually maintained
for about 6 months. We speculate that the inhibitory effect
on cytokines/chemokines reduced as corticosteroids gradually
withdrew, resulting in increased levels of cytokines/chemokines
on day 450. This result suggests that the antibody titer in the early
and the intermediate stage of the disease do not reflect the clinical
situation and the therapeutic effect; cytokines/chemokines do but
may not do so in the later stages of the disease.

Our study has several limitations. A smaller sample size
may lead to a degree of bias. Due to the deficiency of the
healthy control group in the second step, it is regrettable that
the cytokine/chemokine differences between patients and healthy
controls in different periods cannot be analyzed. Only some, but
not all, of the selected cytokines/chemokines were measured in
the second step, indicating that other potential markers might
actually exist.

CONCLUSION

The pathogenesis of anti-NMDAR encephalitis involves T cells
and B cells. T cells are likely to assist B cells to produce antibodies.
IL-2, CXCL10, CCL3, IL-10, CCL22, and IL-6 may represent new
biomarkers in patients with anti-NMDAR encephalitis. Given the
lack of research on IL-10, CCL3, and CCL22 in this condition,
it will be important to explore their potential roles in future
larger studies.
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This study aims to evaluate the association between age and prognosis in patients

with anti-N-methyl-D-aspartate receptor encephalitis (anti-NMDARE) under the age of 45

years. A retrospective study was conducted in patients younger than 45 years diagnosed

as anti-NMDARE in four hospitals in China. Age at admission was divided into four

categories: <15, 15–24, 25–34, 35–45 years. Neurological prognosis was evaluated

using modified Rankin Scale. Adjusted multivariable logistic regression was used to

analyze the association. The multivariable-adjusted odds ratios (95% confidence interval)

of prognosis in anti-NMDARE across the categories of age were as follows: in males,

1.00 (reference), 4.76 (0.39–58.76), 13.50 (0.79–230.40), and 8.81 (0.36–218.39) (P for

trend = 0.171); in females, 1.00 (reference), 7.27 (0.36–146.19), 20.08 (1.09–370.39),

and 54.41 (1.60–1,849.10) (P for trend = 0.01). We concluded that the increasing age

was associated with a poorer prognosis of anti-NMDARE in females but not males.

Keywords: anti-NMDA receptor encephalitis, prognosis, age, gender, modified Rankin Scale

INTRODUCTION

Anti-N-methyl-D-aspartate receptor encephalitis (anti-NMDARE) is an autoimmune disease
associated with a broad range of complex neuropsychiatric symptoms and the presence of
antibodies in cerebrospinal fluid (CSF) bind to the GluN1 subunit of the NMDAR (1). It is the
most frequently recognized neuronal-antibody-mediated encephalitis (2, 3). Anti-NMDARE is
more likely to occur on those who are of younger ages (median age at disease onset is 21 years,
range: <1–85 years) and a multicenter observational study showed 95% of 577 patients were
younger than 45 years (4). Anti-NMDAR antibodies may be detectable in up to 1% of young
patients with encephalitis of unknown etiology admitted to the intensive care unit (ICU) (2) and
about 70% of anti-NMDARE patients are admitted to ICU (4, 5). Various curative interventions
have been proposed and advocated, and first line treatment includes methylprednisolone pulse
therapy, intravenous immunoglobulin (IVIG) and plasmapheresis (PLEX). And if an identified
malignancy such as a teratoma is found, surgical removal should be performed. Although many
patients respond well to immunotherapy and (when needed) tumor removal, 20% do not achieve
remission upon therapy (4). A better understanding of the factors affecting prognosis may inform
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patients and their families about likely outcomes and guide
clinicians’ treatment decisions. Data concerning the correlation
between age and prognosis remain scarce and inconsistent.
Several studies (6, 7) have documented that the outcome is
poorer in older patients, while other studies (8, 9) showed
no a clear association between age and prognosis. In light of
this, we undertook a retrospective study to provide a more
comprehensive conclusion of the relationship between age
and prognosis.

MATERIALS AND METHODS

Study Design and Participants
This retrospective study was reviewed, approved by The Research
Ethics committee of Beijing Tiantan Hospital, Henan Provincial
People’s Hospital, the First Affiliated Hospital of Zhengzhou
University, and Second Hospital of Lanzhou University between
January 2015 and June 2019. The study used data from the
aforementioned ethics committee.

Data Collection
Patients aged under 45 years who met criteria for definite anti-
NMDARE (10) were included, and those suspecting of other
autoimmune disorder or with missing key clinical data or mRS
> 0 before the onset of symptoms were excluded.

The following factors were collected: (1) demographics (sex
and age); (2) clinical features [viral prodrome (headache, fever,
nausea and vomiting), disturbance of consciousness, abnormal
behavior, memory impairment, speech disorders, insomnia,
seizures, autonomic dysfunction and movement disorders];
(3) laboratory and radiographic findings [CSF protein and
white blood cell (WBC) count and brain magnetic resonance
imaging (MRI)]; (4) other clinical features [diagnosis of tumor,
immunotherapy latency (the time interval from onset to the
initiation of immunotherapy)]; (5) modified Rankin Scale
(mRS). MRI scans were classified as abnormal based on
T2-weighted or fluid-attenuated inversion recovery (FLAIR)
hyperintensity in one or both medial temporal lobes, multiple
inflammation or demyelination involving gray and white matter
(10). Neurological outcomes were evaluated usingmRS (11). And
mRS ≤ 2 was defined as “good prognosis,” whereas > 2 as “poor
prognosis.” We divided subjects into four different age groups
(<15, 15–24, 25–34, 35–45 years) to assess outcome variation
by age.

Statistical Analysis
Continuous variables were tested for normal distribution using
the Shapiro-Wilk (n ≤ 2,000) tests. The variables displayed
normal distributions and were presented as the mean ±

standard deviation (SD), while those for categorical variables
were expressed as number and percentage. To compare variables
between subgroups of patients, we used Mann-Whitney U tests
for continuous variables and Chi-square tests for categorical
variables. Variables with a p-value below 0.20 on univariate
analysis were included in multivariate logistic regression, which
was used to describe the odds ratio (OR) between age and
prognosis, after adjustment for potential confounding factors.

The differences were considered to be statistically significant at p
< 0.05. SPSS 23.0 software was used for statistical analyses. Data
were all expressed as OR with 95% confidence interval (CI).

RESULTS

A total of 108 participants were enrolled in this study, half of
whom were males, with mean (SD) age of 23.21 (9.50) years and
half of whom were females, with mean (SD) age of 27.74 (8.95)
years. The status of age number in categories (<15, 15–24, 25–
34, 35–45 years) were, respectively, 18.5, 35.2, 34.3, and 12.0%.
The poor prognosis of anti-NMDARE patients under 45 years
of age was 31.5% (34 of 108) (29.6 and 33.3% for males and
females, respectively).

Consciousness disorder was more commonly seen in the poor
prognosis group than that in the good prognosis group (p =

0.003). And the difference of movement abnormalities was also
statistically significant between the two groups (p = 0.016). No
other differences were statistically significant (Table 1).

Multiple logistic regression models examined factors
associated with poor prognosis (Table 2). In the multivariate
analysis, all of the factors with a P-value <0.20 in Table 1 were
added into the final model. It is evident that increasing age was
associated with inferior outcome. Age (p = 0.002) was shown
to be independent prognostic factors for anti-NMDARE. It
also showed that behavioral disorders (OR = 4.27; 95% CI,
1.25–14.57), disturbances in consciousness (OR = 7.73; 95%
CI, 2.29–26.12), movement abnormalities (OR = 7.13; 95%
CI, 2.14–23.76), autonomic dysfunction (OR = 0.82; 95% CI,
0.12–5.44), viral prodrome (OR = 2.30; 95% CI, 0.74–7.13),
abnormal WBC count (OR = 3.74; 95% CI, 1.16–12.04), and
immunotherapy latency (OR = 5.17; 95% CI, 1.44–18.53)
were independent risk factors associated to the prognosis of
participants with anti-NMDARE under 45 years of age (Table 2).

Table 3 shows crude and adjusted association between
the category of age and poor prognosis. We found a
statistically significant age-gender interactions (p = 0.017). The
multivariable-adjusted odds ratios (95% CI) in anti-NMDARE
patients below the age of 45 of poor prognosis throughout the age
categories were as follows: in males, 1.00 (reference), 4.76 (0.39–
58.76), 13.50 (0.79–230.40), and 8.81 (0.36–218.39) (P for trend
= 0.171); in females, 1.00 (reference), 7.27 (0.36–146.19), 20.08
(1.09–370.39), and 54.41 (1.60–1,849.10) (P for trend = 0.01)
(Table 3). No other significant differences were found among the
four age categories.

DISCUSSION

Our findings showed that poor prognosis tended to occur at
females with older age than younger demographic in anti-
NMDARE patients below the age of 45, after adjustment for
confounding factors (Table 3 and Figure 1). In contrast, there
was no association between age and prognosis in males. As
far as we are aware, this is the first study to directly address
the association between age and prognosis among patients with
anti-NMDARE aged <45 years.
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TABLE 1 | Baseline characteristics of 108 patients of anti-NMDARE enrolled in

the study.

Factor mRS ≤ 2 mRS > 2 P-value

Number of cases 74 34

Gender 0.679

1 38 (51%) 16 (47%)

2 36 (49%) 18 (53%)

Age 0.127

<15 17 (23%) 3 (9%)

15–24 28 (38%) 10 (29%)

25–34 22 (30%) 15 (44%)

35–45 7 (9%) 6 (18%)

Memory dysfunction 0.241

0 52 (70%) 20 (59%)

1 22 (30%) 14 (41%)

Speech disorders 0.24

0 54 (73%) 21 (62%)

1 20 (27%) 13 (38%)

Behavioral changes 0.123

0 31 (42%) 9 (26%)

1 43 (58%) 25 (74%)

Seizures 0.458

0 25 (34%) 14 (41%)

1 49 (66%) 20 (59%)

Consciousness disorder 0.003

0 63 (85%) 20 (59%)

1 11 (15%) 14 (41%)

Sleep dysfunction 0.579

0 62 (84%) 27 (79%)

1 12 (16%) 7 (21%)

Movement disorder 0.016

0 58 (78%) 19 (56%)

1 16 (22%) 15 (44%)

Autonomic dysfunction 0.131

0 71 (96%) 30 (88%)

1 3 (4%) 4 (12%)

Viral prodrome 0.145

0 35 (47%) 11 (32%)

1 39 (53%) 23 (68%)

CSF WBC count (>20 cell/µL) 0.105

0 45 (61%) 15 (44%)

1 29 (39%) 19 (56%)

CSF protein (>30 mg/dL) 0.914

0 34 (46%) 16 (47%)

1 40 (54%) 18 (53%)

Abnormal MRI 0.761

0 28 (38%) 12 (35%)

1 45 (62%) 22 (65%)

Tumor 0.571

0 70 (95%) 33 (97%)

1 4 (5%) 1 (3%)

Immunotherapy latency (>4 wk) 0.077

0 44 (59%) 14 (41%)

1 30 (41%) 20 (59%)

Data presented as n (%).

mRS, modified Rankin Scale; anti-NMDARE, anti-N-methyl-D-aspartate receptor

encephalitis; CSF, cerebrospinal fluid; WBC, white blood cell; MRI, magnetic

resonance imaging.

Univariate binary logistic regression analysis was conducted using the Fisher exact test;

the P-value was derived from bivariate association analyses between each study variables

and the mRS score.

TABLE 2 | Multivariate analysis of factors associated with poor prognosis in

patients with anti-NMDARE.

Variable and Intercept β Coefficient OR (95%CI) P-value

Age 0.096 1.10 (1.04–1.17) 0.002

Behavioral changes 1.451 4.27 (1.25–14.57) 0.021

Consciousness disorder 2.046 7.73 (2.29–26.12) 0.001

Movement disorder 1.964 7.13 (2.14–23.76) 0.001

Autonomic dysfunction −0.196 0.82 (0.12–5.44) 0.839

Viral prodrome 0.831 2.30 (0.74–7.13) 0.151

CSF WBC count (>20 cell/µL) 1.319 3.74 (1.16–12.04) 0.027

Immunotherapy latency (>4 wk) 1.642 5.17 (1.44–18.53) 0.012

Intercept −7.359 NA NA

NA, not applicable; anti-NMDARE, anti-N-methyl-D-aspartate receptor encephalitis; CSF,

cerebrospinal fluid; WBC, white blood cell; mRS, modified Rankin Scale.

TABLE 3 | Adjusted odds ratios (with 95% confidence intervals) from logistic

regression models for associations of age with poor prognosis.

Age P for

trend
<15 15–24 25–34 35–45

MALE

No. of

subjects

10 19 18 7 –

Poor

prognosis

2 6 6 2 –

Model 1 1.00

(reference)

3.68

(0.39, 34.47)

7.07

(0.62, 80.54)

4.44

(0.29, 68.20)

0.271

Model 2 1.00

(reference)

4.76

(0.39, 58.76)

13.50

(0.79, 230.40)

8.81

(0.36, 218.39)

0.171

FEMALE

No. of

subjects

10 19 19 6 –

Poor

prognosis

1 4 9 4 –

Model 1 1.00

(reference)

4.64

(0.33, 65.01)

13.14

(0.98, 177.06)

46.82

(1.99, 1100.83)

0.006

Model 2 1.00

(reference)

7.27

(0.36, 146.19)

20.08

(1.09, 370.39)

54.41

(1.60, 1849.10)

0.01

Model 1, Adjusted for disturbances in consciousness andmovement abnormalities; Model

2, Adjusted for disturbances in consciousness, movement abnormalities, abnormal WBC

count and immunotherapy latency.

Previous studies (12, 13) have showed that prognosis was
related to consciousness disorder, we therefore did adjust for
this variable at first. The association between age and prognosis
was significantly affected by this adjustment, which indicated
that consciousness disorder could be considered as a major
confounding factor. Thismay be at least partially due to increased
risk of severe pneumonia, multiple organ failure or other life-
threatening complications. And also, it might contribute to
the delayed diagnosis and treatment and in turn have an
impact on prognosis. We have subsequently adjusted for factors
associated with prognosis including movement abnormalities,
abnormal WBC count and immunotherapy latency, which have
already been reported to be associated with poor prognosis
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FIGURE 1 | Illustration of the pattern of results from the multiple linear

regression analysis of poor prognosis. Risk of poor prognosis increases more

with age for women than for men.

(9). Surprisingly, a more pronounced association was found in
females after these adjustments.

Consistent with previous studies (7, 12), our results revealed
that the older the patients, the worse the prognosis. Nevertheless,
using age as a categorical variable as opposed to a continuous
measure, earlier studies failed to fully describe the association
between age and prognosis. Hence, we decided to analyze age
as a continuous variable, which allowed us to avoid any kind
of classification bias and to identify age as an independent risk
factor. A negative linear correlation between age and prognosis
was found. This finding will cast light on the impact of age on
prognosis in anti-NMDARE aged younger than 45 years and
ultimately offer the individualized risk assessment of therapy
among the diverse age groups. Additionally, our assessment of
confounding factors—such as disturbance of consciousness—
may enlarge our knowledge and understanding of the actual
correlations between the age and prognosis in anti-NMDARE
below the age of 45.

There could be multiple reasons for present results. First,
it is widely accepted that individuals with older age are prone
to organ dysfunction, decreased immunity and other systemic
diseases. And also, delays in diagnosis and treatment are more
frequent among those patients (6). Put another way, due to
multiple comorbidities, clinical preconceptions and variety of
clinical presentations, an accurate medical care for older patients
is often delayed (14). The time since onset to immunotherapy
is a known predictor in anti-NMDARE, which signifies that the
earlier diagnosed and treated, the better the outcome. This may
be a cause of poor prognosis in elderly patients. In addition, the
older population is at a greater risk of carcinoma (6, 15), which
may be one of the contributors to the poor prognosis. Besides,
the ultimate goal of immunotherapy is to stimulate immune

responses, and poor immune responsiveness among the elderly
results in suboptimal responses to immunization.

Several explanations for the gender-specific association can be
considered. As we all know, anti-NMDARE has been identified to
have a significant correlation with ovarian teratomas. Teratoma
affects up to 60% of adult women, but rarely occurs in males (16).
It has been classified that tumor removal benefited neurologic
prognosis in tumor related anti-NMDARE (15).

LIMITATIONS

Several limitations qualify our findings. First, we included the
cases registered with positive antibody, not patients eventually
diagnosed with probable anti-NMDARE not meeting criteria for
a definite anti-NMDARE category. Second, generalizability of
findings is constrained. We looked only at patients who were
under 45 years old, thus, the present results are only applicable
to similar populations and cannot be extrapolated to different
populations. Third, despite adjusting for a comprehensive set of
potential confounders, the results could be potentially biased by
residual confounding we cannot account for. In addition, there
was no long-term functional status data after discharge in our
analysis, which does not allow for conclusions on long-term
prognosis. Further prospective studies with larger sample size
are needed.

CONCLUSION

Our findings on patients under 45 years of age with anti-
NMDARE revealed that increasing age as a continuous variable
has a negative impact on the mRS score at discharge in females,
but not in males. We further explored the possible underlying
mechanisms. The present study aid with affording medical
evidence of therapies at an early stage for patients with anti-
NMDARE under 45 years of age. Further studies with larger
sample sizes are needed to further verify these associations.

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 author/s.

AUTHOR CONTRIBUTIONS

QW concepted, designed, and supervised the study. YS, XH, YL,
and TW acquired the data. YS analyzed and interpreted the data,
provided statistical analysis, had full access to all of the data in
the study, and are responsible for the integrity of the data and
the accuracy of the data analysis and drafted the manuscript.
GR, JR, and QW critically revised the manuscript for important
intellectual content. All authors contributed to the article and
approved the submitted version.

Frontiers in Neurology | www.frontiersin.org 4 December 2020 | Volume 11 | Article 61263297

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Sun et al. Age Affects Prognosis of Anti-NMDARE

FUNDING

This study was financially supported by the National Key R&D
Program of China grant 2017YFC1307500 and National Natural
Science Foundation of China (81801280 and 81601126).

ACKNOWLEDGMENTS

We thank Xiong Han, Yajun Lian, and Tiancheng Wang for
assistance of data collection.

REFERENCES

1. Dalmau J, Gleichman AJ, Hughes EG, Rossi JE, Peng X, Lai

M, et al. Anti-NMDA-receptor encephalitis: case series and

analysis of the effects of antibodies. Lancet Neurol. (2008)

7:1091–8. doi: 10.1016/S1474-4422(08)70224-2

2. Prüss H, Dalmau J, Harms L, Höltje M, Ahnert-Hilger G,

Borowski K, et al. Retrospective analysis of NMDA receptor

antibodies in encephalitis of unknown origin. Neurology. (2010)

75:1735–9. doi: 10.1212/WNL.0b013e3181fc2a06

3. Gable MS, Sheriff H, Dalmau J, Tilley DH, Glaser CA. The frequency

of autoimmune N-methyl-D-aspartate receptor encephalitis surpasses

that of individual viral etiologies in young individuals enrolled

in the California Encephalitis Project. Clin Infect Dis. (2012)

54:899–904. doi: 10.1093/cid/cir1038

4. Titulaer MJ, Mccracken L, Gabilondo I, Armangué T, Glaser C, Iizuka

T, et al. Treatment and prognostic factors for long-term outcome in

patients with anti-NMDA receptor encephalitis: an observational cohort

study. Lancet Neurol. (2013) 12:157–65. doi: 10.1016/S1474-4422(12)7

0310-1

5. De Montmollin E, Demeret S, Brulé N, Conrad M, Dailler F, Lerolle

N, et al. Anti-N-Methyl-d-aspartate receptor encephalitis in adult patients

requiring intensive care. Am J Respir Crit Care Med. (2017) 195:491–

9. doi: 10.1164/rccm.201603-0507OC

6. Titulaer MJ, Mccracken L, Gabilondo I, Iizuka T, Kawachi I, Bataller L, et al.

Late-onset anti-NMDA receptor encephalitis. Neurology. (2013) 81:1058–

63. doi: 10.1212/WNL.0b013e3182a4a49c

7. Heine J, Ly LT, Lieker I, Slowinski T, Finke C, Prüss H,

et al. Immunoadsorption or plasma exchange in the treatment

of autoimmune encephalitis: a pilot study. J Neurol. (2016)

263:2395–402. doi: 10.1007/s00415-016-8277-y

8. Aungsumart S, Ha A, Apiwattanakul M. Abnormal level of consciousness

predicts outcomes of patients with anti-NMDA encephalitis. J Clin Neurosci.

(2019) 62:184–7. doi: 10.1016/j.jocn.2018.11.033

9. Balu R, Mccracken L, Lancaster E, Graus F, Dalmau J, Titulaer

MJ. A score that predicts 1-year functional status in patients

with anti-NMDA receptor encephalitis. Neurology. (2019)

92:e244–52. doi: 10.1212/WNL.0000000000006783

10. Graus F, Titulaer MJ, Balu R, Benseler S, Bien CG, Cellucci T, et al. A clinical

approach to diagnosis of autoimmune encephalitis. Lancet Neurol. (2016)

15:391–404. doi: 10.1016/S1474-4422(15)00401-9

11. Quinn TJ, Dawson J, Walters MR, Lees KR. Reliability of

the modified Rankin Scale: a systematic review. Stroke. (2009)

40:3393–5. doi: 10.1161/STROKEAHA.109.557256

12. Wang W, Li JM, Hu FY, Wang R, Hong Z, He L, et al. Anti-NMDA receptor

encephalitis: clinical characteristics, predictors of outcome and the knowledge

gap in southwest China. Eur J Neurol. (2016) 23:621–9. doi: 10.1111/ene.12911

13. Chi X, Zhou D. Risk factors for mortality in patients with anti-NMDA

receptor encephalitis: reply to comment on data sparsity. Acta Neurol Scand.

(2017) 136:738. doi: 10.1111/ane.12791

14. Norman DC, Toledo SD. Infections in elderly persons. An

altered clinical presentation. Clin Geriatr Med. (1992) 8:713–

19. doi: 10.1016/S0749-0690(18)30439-7

15. Dalmau J, Lancaster E, Martinez-Hernandez E, Rosenfeld MR,

Balice-Gordon R. Clinical experience and laboratory investigations

in patients with anti-NMDAR encephalitis. Lancet Neurol. (2011)

10:63–74. doi: 10.1016/S1474-4422(10)70253-2

16. Dalmau J, Geis C, Graus F. Autoantibodies to synaptic receptors and neuronal

cell surface proteins in autoimmune diseases of the central nervous system.

Physiol Rev. (2017) 97:839–87. doi: 10.1152/physrev.00010.2016

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.

Copyright © 2020 Sun, Ren, Ren, Shan, Han, Lian, Wang and Wang. 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.

Frontiers in Neurology | www.frontiersin.org 5 December 2020 | Volume 11 | Article 61263298

https://doi.org/10.1016/S1474-4422(08)70224-2
https://doi.org/10.1212/WNL.0b013e3181fc2a06
https://doi.org/10.1093/cid/cir1038
https://doi.org/10.1016/S1474-4422(12)70310-1
https://doi.org/10.1164/rccm.201603-0507OC
https://doi.org/10.1212/WNL.0b013e3182a4a49c
https://doi.org/10.1007/s00415-016-8277-y
https://doi.org/10.1016/j.jocn.2018.11.033
https://doi.org/10.1212/WNL.0000000000006783
https://doi.org/10.1016/S1474-4422(15)00401-9
https://doi.org/10.1161/STROKEAHA.109.557256
https://doi.org/10.1111/ene.12911
https://doi.org/10.1111/ane.12791
https://doi.org/10.1016/S0749-0690(18)30439-7
https://doi.org/10.1016/S1474-4422(10)70253-2
https://doi.org/10.1152/physrev.00010.2016
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


ORIGINAL RESEARCH
published: 12 January 2021

doi: 10.3389/fneur.2020.618109

Frontiers in Neurology | www.frontiersin.org 1 January 2021 | Volume 11 | Article 618109

Edited by:

Marcello Moccia,

University of Naples Federico II, Italy

Reviewed by:

Rodolfo Gabriel Gatto,

University of Illinois at Chicago,

United States

Paulo Ribeiro Nóbrega,

Federal University of Ceara, Brazil

*Correspondence:

Hongzhi Guan

guanhz@263.net

Weihong Zhang

zhangweihong@pumch.cn

†These authors have contributed

equally to this work

Specialty section:

This article was submitted to

Multiple Sclerosis and

Neuroimmunology,

a section of the journal

Frontiers in Neurology

Received: 16 October 2020

Accepted: 04 December 2020

Published: 12 January 2021

Citation:

Shao X, Fan S, Luo H, Wong TY,

Zhang W, Guan H and Qiu A (2021)

Brain Magnetic Resonance Imaging

Characteristics of Anti-Leucine-Rich

Glioma-Inactivated 1 Encephalitis and

Their Clinical Relevance: A

Single-Center Study in China.

Front. Neurol. 11:618109.

doi: 10.3389/fneur.2020.618109

Brain Magnetic Resonance Imaging
Characteristics of Anti-Leucine-Rich
Glioma-Inactivated 1 Encephalitis
and Their Clinical Relevance: A
Single-Center Study in China

Xiali Shao 1,2†, Siyuan Fan 3†, Huan Luo 2, Ting Yat Wong 2, Weihong Zhang 1*,

Hongzhi Guan 3* and Anqi Qiu 2,4

1Department of Radiology, Peking Union Medical College Hospital, Peking Union Medical College and Chinese Academy of

Medical Sciences, Beijing, China, 2Department of Biomedical Engineering, National University of Singapore, Singapore,

Singapore, 3Department of Neurology, Peking Union Medical College Hospital, Peking Union Medical College and Chinese

Academy of Medical Sciences, Beijing, China, 4 The N.1 Institute for Health, National University of Singapore, Singapore,

Singapore

Objective: To characterize the magnetic resonance imaging (MRI) features

of anti-leucine-rich glioma-inactivated 1 (LGI1) encephalitis and explore their

clinical relevance.

Methods: Patients with anti-LGI1 encephalitis who underwent MRI at our center were

included in this study. Baseline and follow-up MRI characteristics were evaluated, and

relationships between lesion location and clinical symptoms were analyzed. The extent

of signal abnormalities within the lesion overlap region was measured and correlated with

modified Rankin Scale scores and serum antibody titer.

Results: Seventy-six patients were enrolled, of which 57 (75%) were classified as MR

positive. Brain lesions were located inmedial temporal lobe (MTL) (89%) and basal ganglia

(BG) (28%). Hippocampus and amygdala were lesion hubs with more than 50% lesion

overlap. BG lesions were found in 30% of patients with faciobrachial dystonic seizure

(FBDS) and only 7% of patients without FBDS (p= 0.013). Meanwhile, MTL lesions were

more commonly observed in patients with memory impairment (70 vs. 0%, p = 0.017).

MRI features included hyperintensity and edema at baseline, as well as hypointensity

and atrophy at follow-up. Correlations between signal intensity of lesion hubs (including

hippocampus and amygdala) and modified Rankin Scale scores were found on T2 (r

= 0.414, p < 0.001) and diffusion-weighted imaging (r = 0.456, p < 0.001).

Conclusion: MTL and BG are two important structures affected by anti-LGI1

encephalitis, and they are associated with distinctive symptoms. Our study provided

evidence from Chinese patients that BG lesions are more commonly observed in patients

with FBDS, potentially suggesting BG localization. Furthermore, in addition to supporting

diagnosis, MRI has the potential to quantify disease severity.

Keywords: MRI, autoimmune diseases, encephalitis, basal ganglia, limbic system

99

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2020.618109
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2020.618109&domain=pdf&date_stamp=2021-01-12
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:guanhz@263.net
mailto:zhangweihong@pumch.cn
https://doi.org/10.3389/fneur.2020.618109
https://www.frontiersin.org/articles/10.3389/fneur.2020.618109/full


Shao et al. MRI of Anti-LGI1 Encephalitis

INTRODUCTION

Anti-leucine-rich glioma-inactivated 1 (LGI1) encephalitis was
first reported in 2010 (1, 2). It is the most common
autoimmune limbic encephalitis (LE) and the second most
common autoimmune encephalitis (AE) after anti-N-methyl-
d-aspartate receptor (NMDAR) encephalitis (3, 4). The annual
incidence of anti-LGI1 encephalitis was reported to be 0.83
per million people in the Dutch population in 2015 (5). Most
patients affected by anti-LGI1 encephalitis are men between the
ages of 50 and 70 years (3). The clinical manifestations of anti-
LGI1 encephalitis include seizure, cognitive impairment, and
psychiatric disorder, and one of the most specific symptoms is
faciobrachial dystonic seizure (FBDS), which is characterized by
frequent, brief, dystonic attacks predominantly involving the face
and ipsilateral arm or leg (6, 7). Unlike other types of LE, anti-
LGI1 encephalitis is infrequently accompanied by tumors, and
typically responds well to immunotherapy (8).

In clinical practice, anti-LGI1 encephalitis has often been
misdiagnosed as psychiatric illness or viral encephalitis (9–13),
which can delay immunotherapy and cause the deterioration
of symptoms. Hyperintensity of the bilateral medial temporal
lobe (MTL) on magnetic resonance imaging (MRI) is the typical
appearance and diagnostic basis for LE (5, 7, 8, 14, 15). A
previous study suggested that cognitive deficits and disability
were accompanied by pronounced hippocampal atrophy (8).
In addition, accumulating case reports have revealed links
between basal ganglia (BG) and FBDS (16–19), suggesting
that BG is an important target for this disease. However, the
lesion distribution pattern and relationships between lesions and
clinical manifestations, especially the association between BG
and FBDS, have not been evaluated in large-scale studies. In
the current study, we describe the MRI features of patients with
anti-LGI1 encephalitis from a single-center retrospective study
in China and explore their clinical relevance, in an attempt to
increase understanding of the pathogenesis of this disease and
provide useful clues for clinical diagnosis and monitoring.

METHODS

Participants and Study Design
We searched our clinical and radiological database from May
2013 to July 2019. Patients diagnosed with anti-LGI1 encephalitis
who underwent brain MRI at our center were included in this
study. Patients with significant brain lesions that could not be
explained by encephalitis alone were excluded. In this study,
patients with symptoms of seizure, cognitive impairment, and/or
psychiatric disorder who were positive for anti-LGI1 antibodies
in either serum or cerebrospinal fluid were diagnosed with anti-
LGI1 encephalitis. The presence of anti-LGI1 antibodies was
evaluated using a fixed cell-based indirect immune-fluorescence
test using Biochips (Euroimmun AG, Lüebeck, Germany). We
retrospectively reviewed patients’ clinical data as well as their
brain MRI results. Baseline MRI scans were performed on the
first outpatient visit or upon admission. Follow-up imaging
was acquired from 25 patients at a mean time of 28 months
after initial disease onset. Baseline-modified Rankin Scale (mRS)

scores were collected as a measurement of disease severity. The
scale comprises seven levels of increasingly severe disability, from
0 to 6 (see Supplementary Table 1).

Image Acquisition
MRI was performed with 3.0-T (Siemens Skyra, GE Discovery,
Toshiba Vantage Titan, Philips Ingenia CX) or 1.5-T (GE
Signa Excite) scanners with head-neck coils. Most MRI scans
incorporated standard brain protocol sequences including fluid-
attenuated inversion recovery (FLAIR) [repetition times (TRs)=
7,500–12,000ms, echo times (TEs)= 81–178ms, inversion times
= 2,000–2,711ms], T1-weighted imaging (T1WI) (TRs= 1,404–
2,309ms, TEs= 8–29ms), T2-weighted imaging (T2WI) (TRs=
3,400–13,611ms, TEs= 82–166ms), diffusion-weighted imaging
(DWI) (TRs = 1,898–6,000ms, TEs = 62–108ms), and in some
cases contrast-enhanced T1WI (TRs = 1,376–1,946ms; TEs =
10–29ms). Slice thicknesses were 4–6.5mm, and the fields of
view were 200–240 mm.

Image Analysis
Two neuroradiologists, both blinded to patients’ clinical details,
reviewed the brain MR images to reach consensus. An MR was
considered positive when both neuroradiologists identified a
signal abnormality or volumetric change in any cortical region
or subcortical nuclei; otherwise, the MR was considered negative.
MR imaging features were visually assessed including lesion
location and signal characteristics. We analyzed the relationship
between location and clinical symptoms (memory impairment
and FBDS). The time from disease onset to the presence
of different MRI characteristics was recorded to explore the
evolution of signal features overtime.

To show the pattern of lesion distribution, we extracted
each patient’s lesion and mapped the images onto one brain.
This procedure was referred to as lesion overlap mapping. The
workflow for image processing is shown in Figure 1. First,
the axial images from all the patients were coregistered to a
template (one patient’s T1 image). Individual lesions were then
manually contoured on registered images. Finally, these lesion
labels were added together to create an overlap map. To show
the difference of lesion extensions between male and female
patients, as well as between patients with and without specific
symptoms, lesion overlapmapping was also performed separately
for these subgroups.

In addition to visual assessment, we also attempted to quantify
the extent of signal abnormalities. To achieve this goal, regions of
interest (ROIs) were created from the overlap map for all MRI-
positive patients to extract signal intensity. We set a threshold
for the overlap map and defined areas with more than 50%
overlap as lesion ROIs. We aimed to measure the signal intensity
in the more commonly affected areas, which could be regarded
as lesion hubs for anti-LGI1 encephalitis. To standardize the
signal values among different patients, we also measured the
signal intensity from tissue that appeared normal. The relative
signal was calculated as Sratio = Slesion/Snormal, here Slesion and
Snormal denote the average signal intensity of lesion and normal
appearing tissue, respectively.
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FIGURE 1 | The workflow of image processing. First, the individual image was coregistered to the template and manual lesion masking was performed on the

registered image. Next, all lesion labels were added together to form the lesion overlap map. Masks were created to extract the signal value, in which lesion masks

were created by applying a threshold of 50% to the overlap map, while control masks were chosen from normal appearing region. Finally, the signal ratios were

calculated and used to perform the correlations with modified Rankin Scale (mRS) scores and serum antibody titer.

Statistical Analysis
Statistical analysis was conducted using Statistical Package for
the Social Sciences (SPSS) version 22.0 software. The associations
between lesion locations and clinical symptoms were explored
by χ

2 test or Fisher’s exact test. The differences between the
MR-positive and MR-negative group were analyzed using the χ

2

test or Fisher’s exact test for categorical variables and the Mann-
Whitney U test for continuous variables. Spearman’s correlation
was used to test the correlation between signal values and
mRS/serum antibody titer. False discovery rate was used to adjust
for the multiple comparisons. We aimed to explore whether the
extent of signal abnormalities was indicative of disease severity.
The serum antibody titers were classified into four grades (grade
1 = 1:10, grade 2 = 1:32, grade 3 = 1:100, grade 4 = 1:320), with
higher grade indicating higher concentration. A value of p< 0.05
was considered to indicate statistical significance.

Standard Protocol Approvals,

Registrations, and Patient Consents
This study was approved by the ethics committee of
Peking Union Medical College Hospital (IRB no. JS-891).

Written informed consent forms were waived for this
retrospective design.

RESULTS

Clinical Characteristics
Overall, 76 patients were included in this study. The demographic
and clinical characteristics of these patients are listed in Table 1.
Of 76 patients, 57 patients (75%) were classified as MR positive
and 19 (25%) patients were classified as MR negative. There
was no significant difference in clinical features between these
two groups.

Lesion Locations
The lesion overlap map showed that, in addition to classic limbic
system involvement, BG was another important target for anti-
LGI1 encephalitis (Figure 2). Specifically, 51 lesions (89%) were
found to be located in MTL, while 16 lesions (28%) were located
in BG. More than 50% of the lesions overlapped at bilateral
hippocampus and amygdala, which could be regarded as lesion
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TABLE 1 | Demographic and clinical characteristics of patients with anti-LGI1

encephalitis.

Total MRI positive MRI negative p-value

Demographics

Age [mean (SD), year] 57.8 (12.8) 57.4 (12.8) 59.1 (12.9) 0.313

Sex (male/female) 52/24 38/19 14/5 0.569

Baseline mRS [mean (SD)] 2 [1] 2 [1] 2 [1] 0.445

Follow-up time [mean (SD),

months]*

28 [20] 28 [20] NA NA

Serum antibody titer

1:10 5 (7%) 4 (7%) 1 (5%) 1

1:32 37 (49%) 28 (49%) 9 (47%) 0.895

1:100 30 (39%) 21 (37%) 9 (47%) 0.5

1:320 4 (5%) 4 (7%) 0 0.569

Tumor

Pituitary adenoma 4 (5%) 3 (4%) 1 (1%) 1

Colorectal adenoma 3 (4%) 2 (3%) 1 (1%) 0.569

Gastric carcinoma 1 (1%) 1 (1%) 0 1

Prostate cancer 1 (1%) 1 (1%) 0 1

Ovarian teratoma 1 (1%) 1 (1%) 0 1

Retroperitoneal

ganglioneuroma

1 (1%) 1 (1%) 0 1

Total 11 (15%) 9 (16%) 2 (11%) 0.851

Symptoms in acute phase

Memory impairment 72 (95%) 55 (96%) 17 (89%) 0.553

Seizure 72 (95%) 55 (96%) 17 (89%) 0.553

Faciobrachial dystonic

seizure

46 (61%) 35 (61%) 11 (58%) 0.786

Mental and behavior

abnormalities

57 (75%) 46 (81%) 11 (58%) 0.092

Sleep disorder 35 (46%) 28 (49%) 7 (37%) 0.352

*All the follow-up image (the time from initial disease onset to the last follow-up) was only

available in MRI-positive patients.

NA, not applicable.

hubs. The overlapmaps for male and female patients were similar
(Supplementary Figure 1).

Lesion Signal Characteristics
Because brain lesions can be classified into two types according
to the involvement of the MTL or BG, the signal patterns were
evaluated separately. For MTL lesions, images usually presented
as hypointensity on T1WI, and hyperintensity on T2WI, FLAIR,
and DWI, accompanied by edema. Atrophy was usually observed
in the late stage. Of 21 patients with follow-up imaging, brain
MRI normalized in three patients (14%), nine patients (43%)
developed atrophy, and 11 patients (52%) exhibited persistent
high signal without loss of volume. Illustrative cases are shown
in Figure 3.

The signal patterns of BG lesions were more complex and
could be mixed combinations of hypo- or hyperintensity on
T1WI, T2WI, DWI, and FLAIR. However, it appeared that
hyperintensity (either on T1WI, T2WI, DWI, and FLAIR) usually
only occurred in the early stage with a median time interval

of 1–3 months after onset. In contrast, hypointensity (either on
T1WI, T2WI, DWI, and FLAIR) and atrophy usually presented
in the chronic phase. Follow-up images were available in six
patients. Of these, four patients (67%) exhibited persistent signal
abnormalities without volume loss, and two patients (33%)
developed atrophy. Illustrative cases are shown in Figure 4.

The Relationship Between Lesion Location

and Clinical Symptoms
To explore the relationship between lesion location and
symptoms, we compared the lesion presentation frequency
between patients with or without specific symptoms. As a
result, BG lesions were more likely to be found in patients
with FBDS (30%) compared with those without FBDS (7%)
(p = 0.013). In addition, BG lesions were less common in
patients with memory impairment (18%) compared with those
without memory impairment (75%) (p = 0.037). MTL lesions
were found in 70% of patients with memory impairment but
were not found in any patients without memory impairment
(p = 0.017). A comparison of lesion overlap maps for
patients with and without specific symptoms could be found in
Supplementary Figure 2.

Correlation Between Signal Measurements

and Disease Severity
The quantitative signal measurements were performed on T1WI,
T2WI, FLAIR, DWI, and apparent diffusion coefficient (ADC)
for the lesion hubs, then correlated with mRS scores and serum
antibody titer, respectively. The results revealed correlations
between relative signal intensity and mRS scores on T2WI (r =
0.414, p < 0.001) and DWI (r = 0.456, p < 0.001) (see Figure 5).
However, no correlation was found between serum antibody
titers and signal values for any sequence.

DISCUSSION

The current study investigated brain MRI results of 76 patients
with anti-LGI1 encephalitis and explored their clinical relevance.
To the best of our knowledge, this is the largest study
providing detailed descriptions of the MRI-based characteristics
of Chinese patients. Moreover, in addition to visual assessment,
we also tried to find disease-specific biomarkers through
quantitative analysis. There are several major findings: first,
brain lesions of patients with anti-LGI1 encephalitis were mainly
located in MTL and BG as has been previously described
(15, 18, 20–22); second, MTL lesions were more likely to
be observed in patients with memory impairment, whereas
BG lesions were more commonly observed in patients with
FBDS; third, the extent of signal abnormalities in the lesion
area was correlated with disease severity, as measured by
mRS scores.

Anti-LGI encephalitis exhibited classic limbic system
involvement with its core hubs located in the hippocampus
and amygdala. This finding is in accord with previous
pathophysiological findings showing that the LGI1 protein
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FIGURE 2 | Lesion overlap map. The multislice view (A) and 3D view (B) of the lesion overlap map for 57 MR-positive patients. The color bar indicates the percentage

of lesion overlay. The brain regions involved mainly included the limbic system and basal ganglia as illustrated in (C). More than 50% of the lesions overlapped in the

hippocampus and amygdala [hot colors in (A)].

is mainly expressed in the hippocampal region and temporal
cortex (23). Correspondingly, most patients in the current study
presented with memory impairment and seizure (95% for both
conditions). A significant correlation between MTL lesions and
memory impairment was demonstrated, suggesting MTL to
be responsible for memory deficits. This observation is also
consistent with previous studies reporting the linking between
hippocampal atrophy and memory impairment in these patients
(24, 25).

More importantly, we have observed a correlation of
BG lesions with FBDS. This finding may contribute to
the understanding of the pathogenesis of FBDS which
remains extensively debated. Increasing evidence tends
to suggest basal ganglia localization for FBDS, because

structural and functional changes in BG are more easily
detected in subjects with FBDS (18, 21, 22). However,
cohort studies in Germany and Netherlands failed to find
such association (3, 15). This controversy may be related to
ethnic differences or varied disease courses among different
cohorts. In any case, the current study provided evidence
from a Chinese cohort which further supports the notion
that basal ganglia are involved in the development of FBDS.
FBDS typically precedes the onset of anti-LGI1 encephalitis
(7). Early treatment can prevent progression to LE and
development of cognitive deficits (26, 27). Therefore, when
evaluating a movement disorder suggestive of FBDS, the
finding of BG lesions should reinforce the suspicion of
anti-LGI1 encephalitis.
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FIGURE 3 | Lesions on medial temporal lobe and their signal change over time. Case 1 was a 59-year-old female patient presenting with memory impairment and

seizure. T1 hypointensity and T2 hyperintensity accompanied by swelling were observed on left medial temporal lobe (MTL) 1 month after onset (A). Case 2 was a

73-year-old male patient who presented with seizure for 2 months, exhibiting prominent right MTL swelling and hyperintensity (B). Case 3 was a 52-year-old male

patient with seizure. Hyperintensity and swelling in left MTL was observed 1 month after onset (C1). After treatment with dexamethasone, the patient’s symptoms

improved, and the area of signal abnormality decreased (C2). Twelve months after onset, prominent atrophy occurred (C3). The patient did not fully recover from

memory deficits. Case 4 was a 43-year-old male patient with seizure and memory impairment. Slight swelling and hyperintensity were observed in left MTL (D1). The

patient’s symptoms were not well controlled even after immunotherapy. Swelling and hyperintensity became more prominent 26 months later (D2).

Anti-LGI encephalitis can mimic a variety of other
pathological processes because of its diverse clinical features,
presenting a diagnostic challenge for clinicians. This condition
is commonly misdiagnosed as Creutzfeldt-Jakob disease
and viral encephalitis (9, 28–31). Thus, the recognition of
lesion distribution pattern could serve as a useful clue for
differential diagnosis. Unlike anti-LGI1 encephalitis, which is
usually restricted to MTL, viral encephalitis may develop more
extensive MRI abnormalities in frontal, occipital, or parietal
lobes (29, 32). In addition, even though both viral encephalitis
and LE affect the MTL, BG involvement favors nonviral
etiologies (32).

The signal pattern of MTL lesions was typical for LE, which
usually manifests as T2-FLAIR hyperintensity in the acute

phase and mesial temporal sclerosis on follow-up imaging (14).
The current results are in accord with these general findings
and hyperintensity and edema were both prominent in the
acute phase. Follow-up MRI revealed normalization in only
13% of patients, with most patients exhibiting either persistent
high signal (52%) or developed atrophy (43%). Long-lasting
hyperintensity and atrophy may have been associated with
persistent neurological deficits as illustrated in our cases (cases
3 and 4 in Figure 3). The BG signal pattern has not been
fully described before, with only a few studies reporting T1
hyperintensity in FBDS patients (16–19, 33). In the current study,
the results revealed that mixed signal abnormalities with different
sequences could be observed in BG. Overall, hyperintensity
only presented in the early stage, whereas hypointensity and
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FIGURE 4 | Lesions on basal ganglia and their signal change over time. Case 1 was a 66-year-old male patient with left faciobrachial dystonic seizure (FBDS). A lesion

was observed on the right basal ganglia (BG) with T1 hyperintensity and diffusion-weighted imaging (DWI) hypointensity, accompanied by ring-shaped enhancement

(A). Case 2 was a 57-year-old male patient with epileptic seizure. Brain MRI showed prominent right caudate nucleus atrophy and DWI hypointensity 9 months after

onset (B). Case 3 was a 61-year-old male patient presenting with left FBDS. Hyperintensity on T1, T2, fluid-attenuated inversion recovery (FLAIR), and DWI were

initially observed on right BG (C1). Hypointensity on DWI began to appear 2 months after onset (C2) and became more prominent accompanied by atrophy 3 months

later (C3). High signals were replaced by hypointensity 30 months after onset (C4).

atrophy were usually observed in the chronic phase. Unlike a
previous study (18), we did not observe resolution of abnormal
BG signals at follow-up. Instead, these signals developed into
hypointensity and atrophy, potentially related to immune-
mediated brain injury.

Furthermore, the current findings have demonstrated that
the extent of signal abnormality in lesion hubs was able to

reflect disease severity. Specifically, signal values of T2 and
DWI were positively correlated with mRS scores. Interestingly,
decreased ADC values was not observed in cases with increased
DWI. It appears that elevated DWI may have reflected the T2
“shine-through” effect but not restricted diffusion, as commonly
seen in cases of abscess (34). Thus, elevated T2 and DWI
may have reflected the underlying interstitial edema caused by
inflammation but not cytotoxic damage, and the extent of edema
is indicative of disease severity. However, it should be noted that

the strength of correlation coefficients was only moderate. This
may probably be because we did not take volumetric changes
into consideration which are also reported to be important
for reflecting neurological deficits (15, 26). Because of the
retrospective nature of the current study, we were unable to
perform volumetric analysis. Nonetheless, we demonstrated that
it is feasible to use routine clinical scan to evaluate and quantify
the extent of damage.

The current study involved several limitations that should
be considered. First, the imaging findings were likely to
have reflected not only the primary pathological autoimmune
inflammatory process but also alterations associated with
immunotherapy and antiepileptic drug treatments. However, we
were unable to disentangle these factors because of variation
in disease duration and medical treatments among different
patients. Second, because of the retrospective nature of the study,
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FIGURE 5 | Correlation between mRS and lesion signal measurements. The upper left corner shows the placement of regions of interest (ROIs) for signal

measurements. The areas circled by red lines were created from lesion overlap maps and were used to extract lesion signals. The circular ROIs were used to extract

normal tissue signals. Correlations between signal intensity and modified Rankin Scale (mRS) scores were observed on T2 and diffusion-weighted imaging (DWI).

brain MRI was not regularly performed for all patients at follow-
up and more advanced techniques, such as high-resolution
MRI were not performed for calculating the exact volume of
important structures. Advanced diffusion techniques such as
diffusion tensor imaging (35), neurite orientation dispersion
and density imaging (36), and diffusion kurtosis imaging (37,
38) should be implemented in future studies to investigate
microstructural changes caused by anti-LGI1 encephalitis. Third,
because a moderate proportion of patients showed no brain
lesions, functional MRI and electroencephalography should be
conducted to further assess the underlying functional changes.
Finally, clinical measurement only included mRS. The main
criticism of this method is that the grades are too broad and
ill-defined (39), lacking sufficient sensitivity to reflect small
differences between individuals. A more systematic assessment
including disease-specific neurocognitive evaluation should be
performed in future studies.

CONCLUSION

In conclusion, the present study reviewed brain MRI results
of patients with anti-LGI1 encephalitis and identified several
characteristic radiological patterns. Classic limbic system
involvement and the typical signal features on MTL supported
the diagnosis of LE. BG was another important structure in the

pathogenesis of anti-LGI1 encephalitis, which may be involved
in the development of FBDS. Furthermore, MRI showed the
potential to reflect disease severity, suggesting that it may be a
useful biomarker for tracking disease-related changes.
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Supplementary Figure 1 | Lesion overlap maps for male and female patients.

The lesion overlap maps were very similar of male and female patients, except for

some differences in the location of basal ganglia lesions.

Supplementary Figure 2 | Lesion overlap maps for patients with and without

faciobrachial dystonic seizure. There were more basal ganglia lesions in patients

with faciobrachial dystonic seizure (FBDS) compared with those without FBDS.

Supplementary Table 1 | Modified Rankin Scale for neurologic disability.
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Remedial Effect of Intravenous
Cyclophosphamide in
Corticosteroid-Refractory Patients in
the Acute Phase of Neuromyelitis
Optica Spectrum Disorder-Related
Optic Neuritis

Ling Wang 1, Kaiqun Liu 1, Xiao Tan 1, Lin Zhou 1, Yuxin Zhang 1, Xiaoning Liu 1, Yue Fu 1,

Wei Qiu 2 and Hui Yang 1*

1 State Key Laboratory of Ophthalmology, Zhongshan Ophthalmic Center, Sun Yat-sen University, Guangzhou, China,
2Department of Neurology, Third Affiliated Hospital of Sun Yat-sen University, Guangzhou, China

Background: To investigate the remedial efficacy and safety of intravenous

cyclophosphamide (CP) in the acute phase in patients with neuromyelitis optica

spectrum disorder-related optic neuritis (NMOSD-ON) who are refractory to intravenous

methylprednisolone (MP) treatment.

Design: This study was a single-center, retrospective, observational case-control

cohort study.

Methods: Thirty-six patients who had acute NMOSD-ON attacks and were refractory

to MP treatment were included. Patents were divided into two groups: the remedial CP

group, and the MP group. The best-corrected visual acuity (BCVA), mean deviation (MD)

of the visual field (VF), visual evoked potential amplitude (VEP-A), visual evoked potential

latency (VEP-T), and average thickness of the retinal nerve fiber layer (RNFL) at onset,

1 month (m), 3m, and 6m after the attack were analyzed. Routine blood test results,

liver and kidney function, routine urinalysis results and general condition were analyzed

for safety issues at each follow-up. Fisher’s exact test, the Mann-Whitney U test, the

Kruskal-Wallis test and the Wilcoxon rank-sum test were used for statistical analysis.

Results: The remedial CP group showed significant improvement over 6m with

regard to BCVA and MD (P < 0.05),whereas MP group only showed significant

improvement in MD (P < 0.05). Regarding remedial CP intervention time window,

the CP ≤ 30 days group showed significant improvement over 6m with regard to

BCVA (P = 0.002), MD (P = 0.003), and VEP-A (P = 0.036), while those CP >

30 days group did not. Both two subgroups showed significantly RNFL thickness

reduction, however, BCVA, MD, VEP-A, VEP-T, and RNFL thickness showed no

significant differences between the two subgroups at any follow-up point (P > 0.05).
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Conclusion: CP within 30 days of attack onset is safe and might have a beneficial

degree of therapeutic efficacy for acute-phase treatment of NMOSD-ON that is refractory

to MP treatment alone.

Keywords: neuromyelitis optica spectrum disorder, optic neuritis, cyclophosphamide, methylprednisolone, effect

INTRODUCTION

Neuromyelitis optica spectrum disorders (NMOSD), which
include the neuromyelitis optica (NMO), previously known
as Devic’s syndrome, are defined as a group of inflammatory
disorders of the central nervous system(CNS) characterized by
episodes of immune-mediated demyelination and axonal damage
preferentially affecting the optic nerves and spinal cord (1);
these disorders are mainly associated with aquaporin-4 [AQP4–
immunoglobulin G (IgG)] seropositivity.

The visual outcome of NMOSD-ON is often devastating,
with one or two acute attacks potentially leading to irreversible
blindness. The treatment regimen includes rescue in the acute
phase and effective prevention of relapses later on. Treatment in
the acute phase is of utmost importance and requires measures
that work quickly. At present, the available clinical choices
include intravenous methylprednisolone (MP), plasma exchange
(PE) or immunoadsorption (IA), cyclophosphamide (CP),
intravenous immunoglobulin (IVIg), rituximab and eculizumab
(2). Among these treatments, intravenous CP has the advantages
of speed, low cost, and easily obtained materials. It has been
widely used for many years to treat a variety of autoimmune
diseases, such as neuropsychiatric systemic lupus erythematosus
(NPSLE) (3) and Sjögren’s syndrome (SS) (4).

Based on small case series and retrospective cohort studies
of the effect of CP on NMOSD, the European Federation of
Neurological Societies (EFNS) recommends CP treatment as
second-line therapy for patients with NMO, especially in cases
associated with SLE (5). Several studies (6, 7) of CP alone
or in combination with other therapies have shown an effect
on NMOSD-related longitudinally extensive transverse myelitis
(NMOSD-LETM). However, to the best of our knowledge, no
observations have been made on the remedial effect of CP on
NMOSD-ON, which is a superior model for observing the effect
of CP on functional and structural changes in a single nerve.

Therefore, the aim of this study was to thoroughly evaluate
the remedial effect and safety of intravenous CP at the acute
phase of NMOSD-ON by analyzing the best-corrected visual
acuity (BCVA), visual field (VF), visual evoked potentials (VEPs),
optical coherence tomography (OCT) results and other safety
indices at each follow-up.

MATERIALS AND METHODS

Patients and Design
This single-center, retrospective, observational case-control
cohort study was approved by the Ethics Committee of
Zhongshan Ophthalmology Center of Sun Yat-sen University in
2014 (Ethics No. 2014 meky049).

In 91 NMOSD-ON patients admitted at Zhongshan
Ophthalmic Center, Sun Yat-sen University, between June
2013 and March 2020 following the clinical onset of an acute
attack, the following clinical information was retrospectively
reviewed: serum AQP4 antibody status, ophthalmology and
general medical history, comprehensive ophthalmic examination
data, immunological examination and craniocerebral magnetic
resonance imaging (MRI) examination, treatment regimen, and
effects of treatment at each follow-up.

Subjects
The eligibility criteria were as follows: (1) AQP4-IgG–positive
optic neuritis patients, meeting the NMOSD 2015 diagnostic
criteria (8); (2) having no relapse at least 90 days prior to
the acute attack; (3)age ≥ 18 years or older; (4) ≥6m regular
follow-up after onset, with complete records of BCVA, VF, VEP,
and OCT at each follow-up; (5) records of liver and kidney
function tests and routine blood tests at baseline and each follow-
up; (6) unresponsive to an MP regimen. Treatment response
was assessed at 14 days after the initiation of MP treatment.
MP nonresponders were defined as (1) having visual acuity
improvement < 2 lines of the Snellen chart with a baseline
visual acuity ≥ 0.1 (9); (2) having improvement < 0.1 with a
baseline visual acuity of ∼0.02 (counting fingers, or CF); (3) if
the baseline visual acuity was worse than CF, such as no light
perception (NLP), light perception (LP) or hand motion (HM),
improvement from NLP to LP, from LP to HM, or from HM to
CF was considered a response to MP treatment. If there was no
treatment response, patients were considered to be refractory to
MP treatment.

The exclusion criteria were as follows: (1) received remedial
treatment other than MP and CP for NMOSD-ON; (2)
responded well to MP; (3) conditions that render the side
effects of CP unacceptable, for example, fertility requirements,
prior blood disorders such as anemia, liver dysfunction, and
kidney dysfunction.

Group Division
Among 91 acute NMOSD-ON patients, 27 patients who
responded well to initial MP therapy were excluded from the
study. Among the remaining patients, 11 patients who received
remedial treatment other than MP and CP, such as PE (2
patients), IA (1 patient), rituximab (1 patient), and IVIg (7
patients), were excluded. Five patients had fertility requirements,
1 patient had prior blood disorders, and 3 patients had liver and
kidney dysfunction. Eight patients who had received MP and
CP therapy simultaneously from very beginning were excluded.
Twenty patients who received remedial CP therapy were defined
as the remedial CP group, and 16 patients who received no other
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TABLE 1 | Basic characteristics of AQP4-positive NMOSD-ON patients in each group.

Remedial CP group (n = 20) MP group (n = 16) P value

Age at onset, year, median (IQR) 41.00 (33.50, 51.00) 37.00 (31.00, 40.00) 0.24

Female, n (%) 19 (95%) 14 (87.5%) 0.57

Previous attacks, n, median (IQR) 2 (2, 2) 2.5 (1, 4) 0.39

Recurrent attack, n (%) 16 (80%) 11 (68.75%) 0.47

Unilateral involvement, n (%) 17 (85%) 15 (93.75%) 0.61

Merge multifocal involvement

Brain, n (%) 1 (5%) 0 –

Spinal cord, n (%) 0 0 –

Abnormal HLA-B27, n (%) 1 (5%) 1 (6.25%) >0.99

Abnormal autoantibodies

ANA + SSA + SSB, n (%) 8 (40%) 4 (25%) >0.99

TPOAb + TGAb, n (%) 2(10%) 0 –

Disease duration, year, median (IQR) 4 (2.25, 5) 5.5 (1.5, 9.75) 0.35

Time from onset to MP, days; median (IQR) 9 (2, 11.75) 7 (4, 14.25) 0.86

Time from onset to CP, days; median (IQR) 26 (13.5, 44) – –

Pretreatment, n (%)

Oral CS 6 (30%) 4 (25%) >0.99

Immunosuppressants 4 (20%) 3 (18.75%) >0.99

IVMP 2 (10%) 1 (6.25%) >0.99

IVIG 0 0 –

Plasmapheresis 0 0 –

Follow-up, month, median (IQR) 22.00 (11.25, 33.00) 23.00 (10.50, 31.75) 0.82

Annual relapse rate, median (IQR) 0.5 (0.5, 2) 1.5 (1, 2) 0.26

Recurrent cases, n 3 4 0.68

Baseline BCVA, LogMar, median (IQR) 1.52 (0.8, 1.96) 1.62 (0.38, 2) 0.89

Baseline MD, dB, median (IQR) −34.00 (−34.00, −21.45) −34.00 (−34.00, −18.52) 0.58

Baseline VEP-A, µV, median (IQR) 4.24 (2.13, 6.05) 0.00 (0.00, 4.08) 0.07

Baseline abnormal VEP-T, n (%) 10/15 (66.7%) 10/15 (66.7%) >0.99

Baseline RNFL, µm, median (IQR) 106.50 (73.25, 129.75) 90.50 (66.25, 105.75) 0.12

MP, intravenous methylprednisolone; CP, intravenous cyclophosphamide; CS, corticosteroid; BCVA, best-corrected visual acuity; MD, mean deviation; VEP-A, visual evoked potential

amplitude; VEP-T, visual evoked potential latency; RNFL, retinal nerve fiber layer.

remedial therapy were defined as the MP group (Table 1 and
Figure 1).

Treatment Regimen
In the MP group, a pulse MP regimen was given intravenously:
1 g/day × 3–5 days, 0.5 g/day × 3 days, 0.25 g/day × 3 days,
0.12–0.125 g/day × 3 days, followed by oral prednisone tablets
at 1–2 mg/kg body weight per day, gradually tapering off for no
less than 6m. In the remedial CP group, the MP pulse regimen
was the same as that in the MP group, and a CP of 375 mg/mm2

(0.6 g) weekly over various periods (1–4w) was given as remedial
treatment 2 weeks after initial MP pulse therapy. In all groups,
mycophenolate mofetil (MMF) 2 mg/kg/day was given 1 month
after onset to prevent relapse.

Clinical Assessment
Ophthalmic Evaluation
(1) BCVA was recorded using Snellen charts and transformed
into the logarithm of the minimum angle of resolution (logMAR)
using the formula logMAR = –logBCVA. FC, HM, LP, and NLP
were converted to 1.85, 2.0, 2.7, and 3.0, respectively (10). (2)The

VF was assessed using the Humphrey Field Analyzer (STATPAC,
Allergan Humphrey, San Leandro, Calif), and the MD of the
central 30-2 SITA program was used to record visual field defects.
It was required that false negative rate or false positive rate <

15%, fixation loss < 30%, Otherwise, VF could be repeated until
the quality had met the standard. (3)Visual evoked potentials
(VEPs, RETI-Port/Scan 21, Germany): VEP amplitude (VEP-A)
and VEP latency (VEP-T) were recorded for a stimulus size of
60min of arc. When no signal was recorded due to poor vision,
VEP-Awas recorded as 0µV. VEP-Twas considered as abnormal
when longer than 112ms or when no clear signal could be evoked
due to poor vision (11). (4) OCT was performed using HD-OCT
(Heidelberg Engineering, Heidelberg, Germany). The average
thickness of the retinal nerve fiber layer (RNFL) was analyzed and
defined as RNFL thickness in the diameter of 3.4mm around the
optic disc. BCVA, VF, VEP, and OCT recordings in all patients at
baseline, 1, 3, and 6m were analyzed.

Immune Examination at Baseline
(1) Thyroid function and anti-thyroglobulin DNA, anti-
thyroglobulin antibody, anti-thyroid peroxidase antibody; (2)
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FIGURE 1 | Flow diagram of the patients group division according to MP response and subsequent remedical strategy. NMOSD-ON, neuromyelitis optica spectrum

disorders related optic neuritis; AQP-4, aquaporin-4; MP, intravenous methylprednisolone; CP, intravenous cyclophosphamide; BCVA, best-corrected visual acuity; VF,

visual field; VEP, visual evoked potential.

anti-nuclear antibody (anti-dsDNA antibody, anti-nucleosome
antibody, anti-histone antibody, anti-U1RNP antibody, anti-SM
antibody, anti-SSA antibody, anti-SSB antibody), anti-HLA B27
antibody, anticardiolipin antibody, and rheumatoid factor were
analyzed to understand the immune status of the patients and the
condition of systemic immune diseases.

MRI (Plain Scan + Enhanced)
Baseline brain MRI of each patient was analyzed to exclude other
diseases, such as tumors, and the involvement of the brain was
analyzed as well.

Safety Index
Liver and kidney function and routine blood tests were
performed at each follow-up and analyzed for any adverse effects.

The clinical parameters, such as BCVA, MD of VF, VEP-
A, VEP-T, and RNFL thickness, and the changes in all these
indices (1) at each follow-up time point with respect to baseline,
i.e., 0–1m, 0–3m, and 0–6m, were compared within each group
and between different groups.

The primary outcomes are improvement of visual function
(BCVA, VF, VEP) and thinning of the RNFL. The secondary
outcomes are the safety indexes.

Statistical Analysis
Statistical analyses were carried out using SPSS Statistics version
19 (SPSS Inc., Chicago, IL, USA). The figures were constructed
using GraphPad Prism, version 8 (GraphPad Software, La Jolla,
CA). The data of affected eyes were included in unilateral ON
cases, and data of one randomly chosen eye were included when
both eyes were affected simultaneously. Continuous variables
were presented as medians with interquartile ranges (IQRs). The
Mann-Whitney U test, Kruskal-Wallis test and Wilcoxon rank-
sum test were applied for comparison as appropriate. Categorical
variables were compared using the chi-square test and Fisher’s
exact test. A 2-sided P value < 0.05 was considered to be
statistically significant. A binary logistic regression was used to
analyze weather time to CP intervention represents an important
influencing factors. Data was reported with odds ratio (OR) and
95% confidence intervals (CI).
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TABLE 2 | Visual function and RNFL in the acute phase of NMOSD-ON: remedial CP group vs. MP group.

parameter Remedial CP group MP group

Baseline 6 m Pa Baseline 6 m Pb Pc

BCVA (logMAR),

median (IQR)

1.52 (0.8, 1.96) 0.55 (0.23, 1.39) 0.001* 1.62 (0.38, 2) 1.26 (0.30, 1.52) 0.17 0.32

MD (dB), median

(IQR)

−34.00 (−34.00,

−21.45)

−10.96 (−15.72,

−5.18)

0.000* −34.00 (−34.00,

−18.52)

−23.38 (−34.00,

−11.52)

0.037* 0.03*

VEP-A (µv),

median (IQR)

4.24 (2.13, 6.05) 7.64 (5.50, 10.10) 0.096 0.00 (0.00, 4.08) 3.31 (0.00, 6.49) 0.014* 0.02*

Abnormal VEP-T, n

(%)

10/15 (66.7%) 10/15 (66.7%) >0.99 10/15 (66.7%) 12/15 (80.00%) 0.68 0.68

RNFL (µm),

median (IQR)

106.50 (73.25,

129.75)

51.00 (39.75,

67.50)

0.000* 90.50 (66.25,

105.75)

56.50 (45.75,

77.00)

0.000* 0.26

Pa-value for outcomes comparison between baseline and 6m in the remedial CP group.

Pb-value for outcomes comparison between baseline and 6m in the MP group.

Pc-value for final outcome comparison between the remedial CP group and the MP group.

*P < 0.05.

CP, intravenous cyclophosphamide; MP, intravenous methylprednisolone; BCVA, best-corrected visual acuity; MD, mean deviation; VEP-A, visual evoked potential amplitude; VEP-T,

visual evoked potential latency; RNFL, retinal nerve fiber layer; IQR, interquartile range.

RESULTS

Baseline Characteristics (Table 1)
All 36 patients with acute NMOSD-ON were included: 20
patients in the remedial CP group, and 16 patients in the MP
group. Regarding the baseline clinical characteristics, including
age, sex ratio, recurrent state of the attack, follow-up period,
brain or spinal cord involvement and immune disease status,
no significant differences were found between the two groups.
Regarding the ophthalmic characteristics, including BCVA, MD
of VF, VEP-A and VEP-T, no significant differences were found
between the two groups.

Clinical Outcome
Comparison Between the Remedial CP Group and

the MP Group (Table 2)
The remedial CP group showed significant improvement in
BCVA as early as 1m after onset. Significant differences were
found between 1m and baseline (P = 0.002). No significant
difference was found after 1m, which might indicate that
the BCVA improved rapidly after remedial CP treatment and
then leveled off. However, in the MP group, no significant
difference was found at any follow-up point compared to baseline
(Figure 2A). This difference in BCVA improvement between the
two groups was more obvious if the BCVA change to baseline
was compared (Figure 2B). The remedial CP group showed
significantly better 1BCVA improvement than the MP group
at every follow-up time point (P 11m = 0.02, P 13m = 0.01,
P 16m= 0.02).

Within the remedial CP group, significant improvement in
MD was shown as early as 1m after onset. Significant differences
were found between 1m and baseline (P = 0.001), 3m and
1m (P = 0.039), and no significant differences were found
between 6 and 3m (P = 0.88). The MP group also demonstrated
significant improvement at 3m compared to baseline (P= 0.025),
but no significant difference was found afterward (Figure 2C).

Comparison between the two groups: At every follow-up point,
the remedial CP group showed better MD improvement than
the MP group. However, a significant difference was found
only at 6m (P = 0.03). Regarding MD change to baseline,
significantly better improvement was found in the remedial CP
group compared to the MP group (P 11m = 0.005, P 13m =

0.003, P 16m= 0.003) (Figure 2D).
VEP data were available for analysis in 30 patients, comprising

15 patients in the MP group and 15 in the remedial CP group.
Regarding VEP-A, within the remedial CP group, no significant
difference could be found at any follow-up point compared
to baseline. Within the MP group, significant improvement at
6m was found compared to baseline (P = 0.014) (Figure 2E).
Significantly better improvement at 6m was found in the
remedial CP group compared to the MP group (P = 0.02).
Regarding VEP-A change to baseline, no significant difference
was found between the remedial CP group and MP group
(P 11m = 0.49, P 13m = 0.33, P 16m = 0.17) (Figure 2F).
Regarding the proportion of abnormal VEP-T, no significant
difference could be found between the two groups at any follow-
up point (P > 0.05).

Within the remedial CP group, significant thinning in RNFL

was found as early as 1m after onset and continued to 6m

after onset: significant differences were found between 1m and

baseline (P = 0.000), 3 and 1m (P = 0.000), and 3 and 6m

(P = 0.000). Within the MP group, similar to the remedial CP
group, significant thinning was found as early as 1m after onset

and continued to 6m after onset: significant differences were

found between 1m and baseline (P = 0.001), 3 and 1m (P =

0.002), 3 and 6m (P = 0.001). However, no significant difference
could be found between the two groups at any follow-up point
(Figure 3A). Regarding RNFL change to baseline: No significant

difference was found between the two groups at any follow-

up point (P 11m = 0.60, P 13m = 0.07, P 16m = 0.06)

(Figure 3B).
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FIGURE 2 | (A) Distribution of BCVA among patients with remedial CP therapy and MP therapy over the course of follow-up. The red boxes represent the group that

received MP alone. Box plot details: thick horizontal bar: median; box: interquartile range (25–75%). The P values for the difference between the BCVA values of the

remedial CP group and the MP group were 0.89, 0.15, 0.12, and 0.32 at baseline, 1, 3, and 6m of follow-up, respectively. (B) Comparison of changes in 1BCVA

among patients with remedial CP therapy and MP therapy: The P values for the difference between the 1BCVA values of the remedial CP group and the MP group

were 0.02, 0.01, and 0.02 at 1, 3, and 6m of follow-up, respectively. (C) Distribution of MD among patients with remedial CP therapy and MP therapy. The red boxes

represent the group that received MP alone. Box plot details: thick horizontal bar: median; box: interquartile range (25–75%). The P values for the difference between

the MD values of the remedial CP group and MP group were 0.58, 0.26, 0.07, and 0.03 at baseline, 1, 3, and 6m of follow-up, respectively. (D) Comparison of

changes in 1MD among patients with remedial CP therapy and MP therapy: The P values for the difference between the 1MD values of the remedial CP group and

the MP group were 0.005, 0.003 and 0.003 at 1, 3, and 6m of follow-up, respectively. (E) Distribution of VEP-A among patients with remedial CP therapy and MP

therapy: The red boxes represent the group that received MP alone. Box plot details: thick horizontal bar: median; box: interquartile range (25–75%). The P values for

the difference between the VEP-A values of the remedial CP group and the MP group were 0.07, 0.11, 0.14, and 0.02 at baseline, 1, 3, and 6m of follow-up,

respectively. (F) Comparison of changes in 1VEP-A among patients with remedial CP therapy and MP therapy: The P values for the difference between the 1VEP-A

values of the remedial CP group and the MP group were 0.49, 0.33 and 0.17 at 1, 3, and 6m of follow-up, respectively. *P < 0.05, **P < 0.01, ***P < 0.001.

Remedial CP Interference Time Point (Table 3)
CP intervention timepoint was negatively associated with BCVA
improvement (OR = 0.89, 95% CI 0.82–1.00, p = 0.03).

The remedial CP group was further divided into two groups
according to the intervention time point of CP: the CP ≤ 30
days group and the CP > 30 days group. Overall, 60% of patients
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FIGURE 3 | (A) Distribution of RNFL among patients with remedial CP therapy and MP therapy: The red boxes represent the group that received MP alone. Box plot

details: thick horizontal bar: median; box: interquartile range (25–75%). The P values for the difference between the RNFL thicknesses of the remedial CP group and

the MP group were 0.12, 0.34, 0.54, and 0.26 at baseline, 1, 3, and 6m of follow-up, respectively. (B) Comparison of changes in 1RNFL among patients with

remedial CP therapy and MP therapy: The P values for the difference between the 1RNFL values of the remedial CP group and the MP group were 0.60, 0.07 and

0.06 at 1, 3, and 6m of follow-up, respectively. *P < 0.05, **P < 0.01, ***P < 0.001.

(12/20) received remedial CP treatment within 30 days of onset,
while 40% (8/20) of patients received remedial CP treatment after
30 days.

Regarding the baseline clinical characteristics, no significant
difference could be found between the two groups for any item
(P > 0.05). Additionally, no significant difference could be found
between the two groups regarding the total CP dosage in total and
the initial MP intervention time point.

CP ≤ 30 days group showed significant improvement in
BCVA as early as 1m after onset; a significant difference were
found between 1m and baseline (P = 0.003). No significant
difference from baseline was found after 1m, which might
indicate that the BCVA improved rapidly after remedial CP ≤ 30
days treatment and then level off. However, in the CP > 30 days
group, no significant improvement to baseline could be found;
no significant difference could be found at any follow-up point
compared to baseline. This difference in BCVA improvement
between the two groups was more obvious if the BCVA change
to baseline was compared. The CP ≤ 30 days group showed
significantly better 1BCVA improvement at each follow-up time
point compared to the CP > 30 days group (P 11m = 0.02, P
13m= 0.01, P 16m= 0.02).

Within the CP ≤ 30 days group, significant improvement
in MD was observed as early as 1m after onset. Significant
differences were found between 1m and baseline (P = 0.008),
3 and 1m (P = 0.033), and no significant differences were found
between 6 and 3m (P = 0.878). The CP > 30 days group
also demonstrated significant improvement at 3m compared to
baseline (P = 0.043), but no significant difference was found
afterward. Comparison between two groups: At every follow-up
point, no statistically significant differences in either group were
observed at any follow-up timepoint (1m P= 0.85, 3m P= 0.47,
6m P = 0.47). Regarding MD change to baseline, significantly
better improvement was found at 3 and 6m in the CP ≤ 30 days
group compared to the CP > 30 days group (P 11m = 0.10, P
13m= 0.002, P 16m= 0.02).

Regarding VEP, VEP data of 15 patients were available for
analysis: 8 patients in the CP ≤ 30 days group and 7 patients
in the CP > 30 days group. Regarding VEP-A, significant
improvement was found at 6m compared to baseline in the CP
≤ 30 days group (P = 0.036), while no significant improvement
was found in the CP > 30 days group. No significant difference
was found between the two groups at any timepoint (P > 0.05).
Regarding the VEP-A change to baseline, significantly better
improvement was found at 3m in the CP ≤ 30 days group
compared to the CP > 30 days group (P 11m = 0.12, P 13m
= 0.029, P 16m = 0.23). Regarding the proportion of abnormal
VEP-T, no significant difference was found between the two
groups at any time point (P > 0.05).

Within the CP ≤ 30 days group, significant thinning in RNFL
was found as early as 1m after onset and continued to 6m
after onset: significant differences were found between 1m and
baseline (P = 0.005), 3 and 1m (P = 0.005), and 3 and 6m (P =

0.005). Within the CP > 30 days group, similar to the CP ≤ 30
days group, significant thinning was found as early as 1m after
onset and continued to 6m after onset: significant differences
were found between 1m and baseline (P = 0.018), 3 and 1m
(P = 0.012), 3 and 6m (P = 0.018). However, no significant
difference could be found between the two groups at any follow-
up point. Regarding RNFL change to baseline, no significantly
better improvement was found in CP ≤ 30 days compared to
CP > 30 days (P 11m= 0.34, P 13m= 0.52, P 16m= 0.52).

Safety (Table 4)
Among patients who received CP, no serious adverse events
were observed, and no patients terminated therapy for any
adverse event. During CP treatment, nausea and fatigue (30%)
occurred in 6 patients, but the symptoms were well tolerated
and disappeared after 2–3 days, and no further medication
was needed. Alopecia occurred in 2 patients (10%). Neutrophil,
lymphocyte and platelet counts were slightly reduced but did
not reach a clinically significant level, and no leukopenia (white
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TABLE 3 | Clinical outcomes for remedial CP Groups:CP interference time point.

Remedial CP ≤ 30 days (n = 12) Remedial CP > 30 days (n = 8) P value

Age year (median, IQR) 41.00 (34.25, 51.00) 39.50 (29.00, 53.75) 0.85

Sex, female/male, n (%) 12/0 7/1 (700.00%) 0.40

Recurrent attack, n (%) 10 (83.30%) 6 (75.00%) 1.00

Abnormal autoantibodies

HLA B27, n (%) 1 (8.30%) 0 0.23

ANA + SSA + SSB, n (%) 6 (50%) 2 (25.00%)

TPOAb + TGAb, n (%) 0 (0%) 2 (25.00%)

Time from onset to MP, days (median, IQR) 9.00 (3.00, 10.75) 6.00 (0.50, 21.25) 0.97

Time from onset to CP, days (median, IQR) 16.00 (12.25, 24.25) 45.50 (37.25, 62.25) 0.00*

CP dose totally, median (IQR) 1.2 (0.6, 1.2) 0.9 (0.6, 1.2) 0.85

BCVA, logMAR, median (IQR)

Onset 1.61 (1.11, 1.96) 0.95 (0.15, 1.88) 0.18

1m 0.55 (0.30, 1.23) 0.66 (0.12, 1.65) 0.97

3m 0.44 (0.24, 0.92) 0.65 (0.10, 1.65) 0.79

6m 0.55 (0.30, 1.00) 0.65 (0.12, 1.65) 0.97

1BCVA (0–1m) −0.67 (−1.08, −1.83) −0.1 (−0.44, −0.08) 0.02*

1BCVA (0–3m) −0.84 (−1.35, −0.33) −0.25 (−0.25, 0) 0.01*

1BCVA (0–6m) −0.93 (−1.25, −0.33) −0.30 (−0.49, 0.08) 0.02*

P value (onset vs. 6m) 0.002* 0.31 –

MD, dB, median(IQR)

Onset −34.00 (−34.00, −34.00) −27.03 (−34.00, −12.86) 0.18

1m −15.43 (−29.92, −6.78) −15.75 (−34.00, −5.52) 0.85

3m −9.12 (−13.69, −3.21) −15.92 (−34.00, −4.48) 0.47

6m −10.96 (−14.35, −3.78) −9.89 (−31.01, −5.99) 0.47

1MD (0–1m) 16.68 (2.06, 23.08) 4.47 (0.00, 13.83) 0.10

1MD (0–3m) 21.59 (12.61, 29.21) 2.25 (0.00, 11.39) 0.002*

1MD (0–6m) 20.15 (13.09, 31.85) 8.36 (0.00, 15.15) 0.02*

P value (onset vs.6m) 0.003* 0.046* –

VEP-A, µv, median (IQR)

Onset 4.78 (3.22, 6.05) 4.24 (0.00, 6.05) 0.61

1m 6.41 (5.74, 8.82) 4.69 (0.00, 8.20) 0.28

3m 7.43 (5.97, 9.39) 4.49 (0.00, 8.50) 0.19

6m 7.08 (6.04, 10.72) 7.78 (0.00, 10.10) 0.69

1VEP-A (0–1m) 3.22 (0.69, 8.65) 0.00 (−4.27, 4.03) 0.12

1VEP-A (0–3m) 5.22 (2.76, 9.18) 0.00 (−4.27, 4.26) 0.029*

1VEP-A (0–6m) 5.77 (3.39, 6.58) 0.00 (−4.27, 5.86) 0.23

P value (onset vs. 6m) 0.036* 0.60 –

Abnormal VEP-T, n (%)

Onset 6/8 (75.00%) 4/7 (57.14%) 0.61

1m 5/8 (62.50%) 6/7 (85.71%) 0.57

3m 4/8 (50.00%) 5/7 (71.43%) 0.61

6m 6/8 (75.00%) 6/7 (85.71%) >0.99

P value (onset vs. 6m) >0.99 0.56 –

RNFL, µm, median (IQR)

Onset 108.50 (71.75, 120.00) 105.50 (74.25, 136.75) 0.91

1m 83.50 (61.50, 110.50) 88.00 (47.75, 90.00) 0.62

3m 60.00 (49.00, 77.50) 66.00 (42.50, 70.75) 1.00

6m 51.50 (42.50, 73.75) 49.50 (39.00, 60.00) 0.57

1RNFL (0–1m) −11.00 (−50.25, −1.50) −29.00 (−63.00, −9.00) 0.34

1RNFL (0–3m) −40.00 (−59.00, −18.25) −55.00 (−74.00, −16.00) 0.52

1RNFL (0–6m) −51.50 (−67.25, −19.00) −58.00 (−91.25, −19.50) 0.52

P value (onset vs. 6m) 0.002* 0.012* –

CP, intravenous cyclophosphamide; MP, intravenous methylprednisolone; BCVA, best-corrected visual acuity; MD, mean deviation; VEP-A, visual evoked potential amplitude; VEP-T,

visual evoked potential latency; RNFL, retinal nerve fiber layer; IQR, interquartile ranges; *P < 0.05.
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TABLE 4 | CP adverse events.

Adverse events Patients, n (%)

Nausea 6 (30%)

Fatigue 6 (30%)

Alopecia 2 (10%)

Leukopenia 0

Elevated alanine transaminase (ALT) 1 (5%)

Bladder bleeding 0

Severe infection 0

Malignancy 0

Premature ovarian failure 0

CP, intravenous cyclophosphamide.

blood cell count ≤ 3,500 cells/µL) was observed during the
course of follow-up. Temporarily elevated alanine transaminase
(ALT) levels occurred in 1 (5%) patient but returned to normal
levels soon after treatment ended. No bladder bleeding, severe
infection, malignancy or premature ovarian failure was observed.

DISCUSSION

This is the first case-control study about the remedial efficacy of
cyclophosphamide in the treatment of acute NMOSD-ON who
had no response to MP treatment. Not only BCVA but also the
VF, VEP, and RNFL were all analyzed to thoroughly evaluate
different aspects of the efficacy of CP. The follow-up period was
as long as 6m after onset. The optimal treatment time window of
CP was also analyzed and discussed.

Advantage
NMOSD-ON is the first symptom of 35.3–58.1% (12, 13) of
NMOSD patients, and it can cause irreversible damage to visual
function; therefore, it is necessary to control the disease as soon
as possible and reduce the loss of optic nerve fibers. MP is
the first-line treatment of NMOSD-ON at the acute stage, due
to broad-spectrum anti-inflammatory and immunosuppressive
effects. However, at least 20% of patients with NMO do not
respond to MP, especially in relapse cases. For these patients
who were refractory to MP, other measures were also available,
including IVIg, PE, rituxibmab, and eculizumab. Compared with
other immunosuppressants which might take months to take
effect, CP takes effect quickly (it will take effect in 1–3m).
Compared to PE/AI, CP inhibited cell proliferation and had a
more lasting effect. Compared to rituximab, CP was also cheap,
easy to obtain, safer and easy to monitor. Rituximab (RTX) is the
most widely used drug for NMO relapse prevention nowadays.
It takes RTX 2 weeks to deplete immature and memory B cells
and show effects later on. As to CP, the number of white cells
decreased to the lowest as early as 7 days after treatment. So,
compared to RTX, CP is faster to display effect andmight bemore
suitable for control of inflammation in acute phase. In addition,
cyclophosphamide was more cost effective than RTX in China.
As to Eculizumab, it is very expensive and unavailable to most
patients. For IVIg, the effectiveness has been controversial.

Effectiveness
The reasonmight be that glucocorticoids are not effective enough
to suppress B cells that produce AQP4 autoantibodies (14).
While CP has the advantage of not only playing a cytotoxic
role in inhibiting cell DNA synthesis and cell division to kill
lymphocytes at any stage of the cell division cycle, but also playing
an immunosuppressive role in cellular immunity and humoral
immunity by inhibiting the activity of lymphocytes. CP has a
stronger inhibitory effect on B cells than T cells (15, 16) and
could inhibit the proliferation and division of immune cells more
strongly than MP.

CP With SLE/SS
A single small case series of 10 patients with SLE- ON treated
with CP in the acute phase found that 80% of the patients’ visual
acuity and visual field were improved (17). Case reports (6, 7)
about CP treatment at acute phase of SLE/SS-related NMOSD
showed successful experience in achieving disease stabilization
and recovery. The EFNS in 2010 recommends the administration
of CP as a second-line therapy for patients with NMO, especially
in cases of association with SLE/SS (5). However, among the
CP group in this study, none met the criteria of SLE, SS or
any other immune disease. This indicated that CP’s beneficial
effect might not be restricted to SLE-associated or other immune
disease-associated cases.

Other Studies
There have been several prior studies of the effect of CP on
NMOSD-LETM. The results were contradictory, which might be
due to the considerable diversity of CP regimens, dose timing
and patient selection bias. Some showed beneficial effects. In a
series of 4 patients with AQP4 + NMOSD-LETM, significant
EDSS improvement was achieved (6). Interestingly, an NMOSD-
LETM case was once reported (7) in which significant recovery
was achieved following a pulse of CP after the patient failed to
respond to high-dose corticosteroids, PE, IVIg, and rituximab.
In 2007, Greenberg et al. (18) found that 13 patients with
transverse myelitis had significant EDSS improvement after
CP+MP treatment. Among them, 84.6% were recurrent, and
69.2% were complicated with autoimmune disease. In another
small case series (19) of 7 patients with NMOSD, pulse CP [1 g
every 2 months (500–700 mg/m2), 2–7 times] + MP resulted in
stabilization in only one patient.

Remedial Window
Regarding the best time window for remedial treatment by
adding CP, to the best of our knowledge, no such study on
NMOSD-ON has ever been conducted. Adding CP ≤ 30 days
after onset in this study showed a significantly better and faster
improvement of BCVA and MD of VF and VEP-A than adding
CP for more than 30 days (P < 0.05). This suggested that CP
≤ 30 days enhanced visual functional recovery in NMOSD-ON.
A similar phenomenon was observed in a study of SLE-ON:
CP was used 2–48m after initial MP therapy, and still 80%
(8/10) of the patients showed improvement (17). This might
indicate that the remedial time window for CP might be quite
early. The mechanism might be B cell early suppression by CP.
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However, in those patients who received CP > 30 days, beneficial
effects were also found, which might be due to the surviving
optic nerve fibers that were rescued by delayed CP treatment.
When the anti-inflammatory effect of MP was not strong enough
and decreased with time, inflammatory factors production and
inflammatory cells proliferation might continue, especially the
B cells that produce AQP4 antibodies, which might survive for
weeks to months, and continue to inhibit B cells, producing
beneficial effects.

Safety
The CP regimen recommended by the EFNS is 7–25 mg/kg
iv every month (350–1,250 mg/m)over a period of 6m (5).
In this study, the CP dosage was approximately 375 mg/mm2

(0.6 g), taken over a shorter period (1–4w) than recommended
by the EFNS. This is the widely accepted CP regimen in general
autoimmune diseases: weekly use [after the administration of CP,
lymphocytes and granulocytes usually reached the lowest point
on the 7th day and 14th day, respectively (20)], 375 mg/mm2

(0.6 g) each time (according to the patient’s body weight 50–
60 kg, the average body surface area 1.6 m2 is calculated by 375
mg/mm2), the total course of treatment is 4 weeks, and the
number of doses is 1–4 (according to the improvement of the
disease and the stability of the patient’s condition).The European
Euro-Lupus low-dose CP regimen (15) (0.5 g, once every 2 weeks,
6 consecutive times, cumulative dose CP of 3 g) is sufficient to
temporarily inhibit the proliferation of B immune cells. However,
this study showed that 15 of 20 patients were treated with CP
(cumulative dose of CP < 3 g) gained a better improvement in
visual functional index. All the patients included in this study
were Han Chinese. This may be the reason why a lower dose can
still obtain a good effect. For doses higher than 0.6 g, such as 0.8–
1.0 g (500–625 mg/mm2) each time, whether it has a better effect
needs to be further verified.

CP has a low selectivity to normal cells, which causes it to
produce unavoidable adverse reactions; the incidence of these
reactions is related to the cumulative dose of CP, medication time
and age (21). The safety issue of CP is a major concern, including
serious adverse events such as bone marrow suppression, bladder
toxicity, severe infection, malignancy and premature ovarian
failure. In this study, no serious adverse reactions were observed.
The reason might be the very low total dosage used: CP 375
mg/mm2 (0.6 g) for just 1–4 weeks, which made the cumulative
dose no more than 3 g. In 2016, Yan Xu et al. (22) gave CP 0.4
g/w to 41 patients with chronic NMOSD for 30 weeks, which
means that the cumulative dose went as high as 12 g, and CP-
related adverse reactions occurred in 14 cases (34.1%), including
leukopenia, elevation of liver enzymes, amenorrhea, hemorrhagic
cystitis in 1 case (2.4%), gastrointestinal disorder in 1 case (2.4%),
and thrombocytopenia in 1 case (2.4%). The gonadal injury
was not tested in this study because it had been proven that a
cumulative adult CP dose of 6 g or less is relatively safe and does
not affect the gonadal reserve (23). However, the possibility of
gonadal injury was discussed with patients before use.

This study has the following limitations: (1) As this was
a single-center, retrospective case study, it was difficult to
reach a definitive conclusion. Furthermore, a prospective
multicenter random clinical trial of CP in NMOSD-ON is
needed. (2) No comparison was made to other remedial
therapies, such as IA, PE, or exhausted B cell therapy. (3)
This study analyzed only adult NMOSD-ON, not pediatric
NMOSD-ON. (4) Only AQP4-positive NMOSD-ON was
included in this study, but the therapeutic response of
AQP4-negative NMOSD-ON was not analyzed. (5) Details
of accurate timing from symptom onset to acute CP treatment
needed to be analyzed, such as CP ≤ 14 days and CP >

14 days.

Conclusion
This study suggested that cyclophosphamide might be an
effective remedial therapy when glucocorticoid pulse therapy
alone is not effective in patients with acute NMOSD-ON attacks.
Cyclophosphamide may be more effective 30 days after onset.
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Anti-LGI1 encephalitis is an autoimmune encephalitis with antibodies against leucine-rich

glioma-inactivated 1 (LGI1), first described in 2010. It is a non-frequent and poorly

understood entity that represents the second most frequent cause of autoimmune

encephalitis. This entity is characterized by the presence of limbic encephalitis,

hyponatremia, and faciobrachial dystonic seizures. Herein, we present the case of

a male patient with an onset of epileptic seizures (generalized tonic-clonic seizure),

and involuntary dystonic movements that affect the right side of his face and right

upper limb associated with mental disorder, and affectation of higher functions. The

electroencephalogram showed continuous generalized slowing of the background

activity. The brain magnetic resonance imaging showed signal hyperintensity at the level

of both mesial temporal lobes and hippocampi and in the head of the right caudate

nucleus. Anti-thyroglobulin antibodies were positive, and he was initially diagnosed

as Hashimoto’s encephalopathy (HE). However, the response to corticosteroids was

not completed as it is usually observed in HE. For that, antibodies for autoimmune

encephalitis were tested, and the anti-LGI1 antibodies were positive in serum and

cerebrospinal fluid. HE is an important differential diagnosis to consider. Furthermore,

the presence of Anti-thyroglobulin antibodies should not be taken as the definitive

diagnostic criteria, since these antibodies could be associated with other autoimmune

encephalopathies, which include in addition to anti-LGI1, anti-NMDA and anti-Caspr2.

Keywords: autoimmune encephalitis, limbic encephalitis, anti-LGI1, anti-thyroid autoantibodies, hashimoto’s

encephalopathy

BACKGROUND

Anti-LGI1 encephalitis is an autoimmune encephalitis with antibodies against
leucine-rich glioma-inactivated 1 (LGI1), first described in 2010 (1). It is a subacute
disorder characterized by presenting symptoms of limbic encephalitis such as
memory deterioration, epileptic seizures, and behavioral disturbances associated
with faciobrachial dystonic seizures (FBDS) and hyponatremia (2, 3). LGI1 limbic
encephalitis occurs between the ages of 30–80, being more frequent in males. Changes in
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brain magnetic resonance imaging (MRI) are usually found in
up to 84%. The most frequently affected areas are the medial
temporal lobe and the basal ganglia (BG). The cerebrospinal
fluid (CSF) study is often normal. However, there may be slight
inflammatory changes or the presence of oligoclonal bands (4).

Due to the presence of neuropsychiatric symptoms,
Hashimoto’s encephalopathy (HE) can be considered as a
differential diagnosis. Therefore, the test for antithyroid
antibodies (anti-Ty Ab) is necessary. However, the coexistence
of these antibodies in other autoimmune diseases, including
limbic encephalitides such as anti-NMDAr, Caspr2, and LGI1,
must be consider as a potential source of misdiagnosis (5). We
present the case of a patient with anti-LG1 encephalitis with the
coexistence of anti-Ty Ab initially classified as HE.

CASE PRESENTATION

A 77-year-old male with a history of controlled hypertension was
brought to our office with an 11-months history that began with
a 5-min generalized tonic-clonic seizure (GTCS). At that time,
he was therefore treated with phenytoin 100mg every 8 h. After
that he remained asymptomatic. Two months later he presented
mental disorder such as irritability and apathy at times. Four
months after the symptoms began, altered mental status were
added, as well as episodic memory deficit and sleep inversion.
These symptoms progress, and after 6 months of illness, he
also presented visual hallucinations and involuntary dystonic
movements that affect the right side of his face and right upper
limb. The episodes occurred several times during the day only
seconds long. Two months before admission, apathy progressed,
reaching a state of akinetic mutism, and again presented GTCS,
for which he is brought to the emergency department.

On neurological examination during hospitalization, the
patient had spontaneous ocular opening with poor eye contact,
unable to follow simple commands, slurred speech with a
tendency to mutism, there was no motor deficit, but he had mild
limbmobility, and indifferent plantar reflexes bilaterally. At times
he had oromandibular movements associated with myoclonus of
the right upper limb.

He had no abnormalities in the hematological exams. Liver
profile, lipids, vitamin B12, HIV, and RPR tests were performed
without any abnormal finding. Hyponatremia was found (with
values between 125 and 135 mEq/L). The electroencephalogram
(EEG) showed continuous generalized slowing of the background
activity. CSF study revealed normal proteins (17 mg/dL;
reference range: 15–45 mg/dL), glucose was 47 mg/dL (reference
range: 40–76 mg/dL), and the white cell count was found 1
cell/ mm3 (100% lymphocytes). Oligoclonal bands were not
made. The brain MRI showed signal hyperintensity in T1 and
FLAIR at the level of both mesial temporal lobes (Figure 1),
hippocampi, and in the head of the right caudate nucleus
(Figure 2). The thyroid stimulating hormone (TSH) level was
2.83 µIU/mL (reference range: 0.50–5.0 µI/mL) and thyroxine
(T4) was 1.09 ng/dL (reference range: 0.93–1.71 µIU/mL).
The serum anti-thyroglobulin (anti-Ty) level was 139.6 IU/mL
(reference range: <20 IU/mL), and anti-thyroid peroxidase

FIGURE 1 | Brain MRI FLAIR protocol, showing signal hyperintensity, and

atrophy at the mesial temporal level and bilateral hippocampi.

FIGURE 2 | Brain MRI shows signal hyperintensity at the level of the basal

nuclei (caudate nucleus head and putamen) on the right side in the FLAIR

protocol (A). Discrete hyperintensity is also observed in the same region in the

T1 protocol (B).

was 268.3 IU/mL (reference range: <35 IU/mL). Given these
findings, HE was proposed as a diagnosis, therefore pulses of
methylprednisolone were started. After that, there was partial
improvement of epileptic seizures and involuntary movements.
However, the hyponatremia could not be corrected. An antibody
panel for autoimmune encephalitis was requested, supported
by the neurological presentation of limbic encephalitis and the
findings in the complementary exams.

An antibody panel against autoimmune encephalitis was
performed in serum and CSF, which included antibodies
anti-N-methyl-D-aspartate receptor (NMDAr), anti-α-amino-
3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPAR),
acid receptor g-aminobutyric B (GABAB), and voltage-gated
potassium channel (VGKC) complex components such as LGI1
and contactin-associated protein-like 2 (Caspr2). The anti-LGI1
antibody presence was positive in both serum and CSF. The
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FIGURE 3 | Case report timeline.

patient received prednisone on a chronic basis, thus achieving
better control of the symptoms. The case report timeline is
presented in the Figure 3.

DISCUSSION

We present the case of a male patient with an onset of
epileptic seizures associated with mental disorder, and affectation
of higher functions with the presence of anti-Ty antibodies
who was initially diagnosed as HE. However, the response to
corticosteroids was not completed as it is usually observed in
HE. This motivated the study of antibodies for autoimmune
encephalitis, which was positive for anti-LGI1 antibodies.

Anti-LGI1 autoimmune encephalitis was first described in
2010. It occurs between the ages of 30 to 80 with a predominance
in males between the sixth and seventh decade of life. It
represents the most common cause of immune-caused limbic
encephalitis as well as it is the second most frequent cause
of autoimmune encephalitis after anti-NMDAr encephalitis (6).
Because of our patient presented suggestive symptoms, a panel
of antibodies was requested. However, the unavailability of the
test in hospitals in our country and the high cost in private
laboratories delayed its results. Despite the increasing number
of cases of global anti-LGI1 encephalitis are being reported, our
case is the first reported in our country. We believe that poor
access to diagnostic testing underestimates the true frequency of
autoimmune encephalitis in most Latin American countries.

Our patient also presented involuntary movements that fit
the description of FBDS. The nature of these crises is debatable,

since some authors consider it to be of subcortical origin while
others defend its cortical origin in relation to epileptic seizures.
They are described as contractions of one side of the face with
flexion of the shoulder, arm, wrist, and ipsilateral finger extension
that last <3 s and occur several times during the day (7). They
usually precede cognitive decline and GTCS. However, in our
case, the patient debuted with GTCS, and FBDS that occurred at 6
months of illness along with cognitive decline. This manifestation
is almost pathognomonic of this diagnosis, it happens between 20
and 70% of cases (8, 9). Besides in a series of 13 cases by Wang
et al. indicated that all of his patients presented this finding (6).
Therefore, it is important to recognize this clinical manifestation
and its relationship with anti-LGI1 encephalitis.

Other important findings described in anti-LGI1 encephalitis
are hyponatremia, mental disorders, and sleep alterations (5).
Hyponatremia is reported in up to 65% of cases and it is
usually refractory to treatment (3), probably in association with
a syndrome of inappropriate antidiuretic hormone secretion due
to the presence of LG1 receptors in the hypothalamus and kidney.
In our patient, sodium levels could not be normalized during
their hospital stay. Although there was a slight increase in blood
sodium level after the start of corticosteroid therapy. This is
aligned with the literature showing that the blood sodium level
reflects the severity of the disease (9); since our patient was
severely compromised.

Behavioral disorders can be very diverse. Our patient
presented apathy and irritability. Apathy is reported in
up to 54%, while the frequency of organic irritability or
excitation was presented in 39% of the cases (6). The EEG
continuous generalized slowing of the background activity,
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without epileptogenic discharges, and the CSF study showed no
abnormalities, which is consistent with previous the literature
(4, 6).

The brain MRI presented hypersignals in both hippocampi
bilaterally in FLAIR, in addition to hypersignal in T1 and
FLAIR int right BG; these findings were described in previous
case series (4, 6). It should be noted that in previous reports
the unilateral hypersignal in BG (in FLAIR), correlates with
contralateral FBDS. In our case, this hypersignal was ipsilateral
and not contralateral to his FBDS. However, it does not rule out
that FBDSs on the left side could have gone unnoticed, which is
frequent in this condition (6, 10).

One of the differential diagnosis is HE (9), also known as
steroid-sensitive encephalopathy associated with autoimmune
thyroiditis, which is a clinically heterogeneous entity,
traditionally defined as an encephalopathy associated with
the presence of antithyroid antibodies. Our patient was
initially diagnosed as HE due to neurological and psychiatric
symptoms, and the presence of anti-Ty antibodies. However,
these antibodies have shown to be not very specific to define
this disease, and a factor of overdiagnosis; since, they have also
been evidenced in other immune-mediated disorders, such as
some autoimmune encephalitis, and even in up to 13% of the
normal population (11).

Tüzün et al. (12), detected anti-Ty antibodies in eight of 24
patients with limbic encephalitis, and in this group of patients
the antineuronal antibodies were the most frequent finding.
The low specificity of antithyroid antibodies to define HE
and their coexistence with other antibodies that define various
autoimmune encephalitis suggests that these are only part of
an epiphenomenon triggered by the antineuronal antibody and
forces the need to refocus studies toward the systematic exclusion
of antineuronal antibodies in patients with symptoms suggestive
of immune-mediated encephalitis; even in those with antithyroid
antibodies. It is important to note that antibody testing should
not be a requirement to start the treatment if there is a high
clinical suspicion. Opposite behavior can have a significant
negative impact, since it is known that the prognosis, especially
cognitive, in this entity is related to timely treatment. Likewise, it
is important to highlight that high doses of IV steroids followed
by prolonged oral steroids seem to be more effective in LGI1
antibody encephalitis, as occurred in our case (10).

CONCLUSION

Anti-LGI1 encephalitis is a non-frequent and poorly understood
entity that represents the second most frequent cause of
autoimmune encephalitis. It is distinguished by the presence
of limbic encephalitis, hyponatremia, and FBDS. HE is an
important differential diagnosis to consider. Furthermore, the
presence of anti-Ty antibodies should not be taken as the
definitive diagnostic criteria, since these antibodies could be
associated with other autoimmune encephalopathies, which
include in addition to anti-LGI1, anti-NMDA and anti-Caspr2.
In resource-limited countries with difficult access to the
antibody test, it should be noted that it may be cheaper than
requesting repeatMRIs. Evenmore so considering that anti-LGI1
encephalitis presents characteristic findings in MRI that should
not generate uncertainty.
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Objectives: The function of the N-methyl-D-aspartate receptor (NMDAR) in the kidney

has been studied. However, the effect on the kidney from anti-NAMDAR antibody

encephalitis has not been investigated thus far.

Methods: Case data were collected from 82 patients with anti-NMDAR antibody

encephalitis and 166 age- and sex-matched healthy controls (HCs). Clinical

characteristics, urinalysis [including urine pH and urine specific gravity (SG)], serum

creatinine (Scr), and estimated glomerular filtration rate (eGFR) based on Cr levels

were evaluated.

Results: At initial admission, urine pH levels and urine SG levels in anti-NMDAR antibody

encephalitis patients were significantly higher and lower, respectively, than HCs (both p

< 0.001). There were no significant differences in Scr and eGFR between anti-NMDAR

antibody encephalitis patients and HCs. Urine pH levels in patients with anti-NMDAR

antibody <1:32 were significantly lower than those in patients with anti-NMDAR antibody

≥1:32 (p= 0.029). Urine pH levels were significantly lower (p= 0.004) and urine SG levels

were significantly higher (p = 0.027) in a follow-up evaluation 3 months after treatment.

Conclusions: The changes in urinalysis occur in patients with anti-NMDAR antibody

encephalitis. The pathophysiological changes in anti-NMDAR antibody encephalitis were

not limited to the CNS.

Keywords: anti-N-methyl-D-aspartate receptor encephalitis, estimated glomerular filtration rate (eGFR), renal

function, urinalysis, urine pH, urine specific gravity (USG)

INTRODUCTION

The anti-N-methyl-D-aspartate receptor (anti-NMDAR) antibody encephalitis is the most
common antibody-mediated encephalitis (1) and is caused by the production of autoantibodies
against the GluN1 subunit of NMDAR (2). It represents a severe neuropsychiatric manifestation
characterized by seizures, memory decline, and behavioral deficits (3, 4).

Microarray studies haveshown that all known NMDAR transcripts can be detected in the kidney
(5), and there is now a consensus that activation of these receptors affects renal function, and
in some cases may induce renal dysfunction (6). NMDARs are expressed in the renal cortex and
medulla and appear to play a role in the regulation of renal blood flow, glomerular filtration,
proximal tubule reabsorption, and urine concentration within medullary collecting ducts (6).
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Glomerular filtration, tubular reabsorption, and tubular
excretion are three mechanisms through which kidneys
accomplish the homeostasis of the internal environment (7).
The glomerular filtration rate (GFR) is a universal marker of
renal function (8) and classically used for evaluating individual’s
kidney function and for scoring disease stages in chronic kidney
disease (CKD) patients (9). Urine specific gravity (SG) correlates
with urine osmolality and reflects the concentrating ability of the
kidneys (10). Urine pH is generally used to provide an overall
estimate of a patient’s acid-base status and reflects the pH of body
fluids (11). In patients with anti-NMDAR antibody encephalitis,
it is not clear whether anti-NMDAR antibodies could lead to
damage in the kidney resulting in abnormal urinalysis and
renal function.

To the best of our knowledge, no studies have been conducted
to analyze the urinalysis and renal function in patients with anti-
NMDAR antibody encephalitis. The objective of this study is to
evaluate the results from urinalysis and renal function between
anti-NMDAR antibody encephalitis and HCs, including urine
SG, pH, serum creatinine (SCr), and estimated GFR (eGFR).

METHODS

Study Design and Samples
This study is approved by the Medical Ethics Committee of
the Third Affiliated Hospital of Sun Yat-sen University. All
study participants have provided written consent for research
and publication.

We recruited 82 Chinese Han patients with anti-NMDAR
antibody encephalitis from the Department of Neurology at
the Third Affiliated Hospital of Sun Yat-sen University during
March 2015 to November 2019. Diagnosis criteria for anti-
NMDAR antibody encephalitis were based on the diagnostic
criteria by Graus et al. (12): (1). The presence of one or more
of the six major groups of symptoms: (i) Abnormal (psychiatric)
behavior or cognitive dysfunction; (ii) Speech dysfunction
(pressured speech, verbal reduction, mutism); (iii) Seizures; (iv)
Movement disorder, dyskinesias, or rigidity/abnormal postures;
(v) Decreased level of consciousness; and (vi) Autonomic
dysfunction or central hypoventilation. (2). Anti-NMDAR
antibody testing in cerebrospinal fluid (CSF) was positive. (3).
Reasonable exclusion of other disorders. Additionally, none of
the patients had urinary tract infections, stones in the kidney or
urinary tract, or obviously abnormal thyroid function at initial
admission or at follow-up. Anti-NMDAR antibodies in CSF, or
both CSF and serum, were investigated with a cultured cell-
basedmethod using a commercially available kit (EUROIMMUN
Medizinische Labordiagnostika, Lübeck, Germany) according
to the manufacturer’s instructions. All patients were clinically
evaluated for neurological status using the modified Rankin
Scale (mRS) scores (13) and screened for systemic tumors with
computed tomography (CT), positron emission tomography-
computed tomography (PET-CT), magnetic resonance imaging
(MRI), or B ultrasound at least once. We also recruited 166
healthy controls (HCs) age- and sex-matched to anti-NMDAR
antibody encephalitis patients from the Department of Medical
Examination Center.

Urinalysis and Renal Function Assessment
at Initial Admission
Early morning spot urine samples were collected from all
anti-NMDAR antibody encephalitis patients on the day after
admission to measure urine SG and pH. After urine samples
were collected at initial admission, all anti-NMDAR antibody
encephalitis patients received methylprednisolone pulse therapy
or intravenous immunoglobulin.

Serum Cr levels were also measured in all anti-NMDAR
antibody encephalitis patients on the day after admission. The
eGFR based on Cr was calculated using the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) formula (14).

Follow-Up Evaluations
Among these 82 anti-NMDAR antibody encephalitis patients, 32
patients had a follow-up evaluation 3months after treatment. The
follow-up evaluation included the repetition of mRS scores and
the measurement of serum Cr, eGFR, urine SG, and urine pH.

Statistical Analysis
All statistical analyses were performed using the Statistical
Program for Social Sciences (SPSS) software (version 22.0,
Chicago, IL, USA). The data were presented as mean ± standard
deviation (SD) if the data was normally distributed or as median
and interquartile range (IQR) if the data was not normally
distributed. Unless otherwise noted, we used student t-test for
testing the difference of normally distributed variable from two
groups, Mann-Whitney U-test (also known as Wilcoxon rank-
sum test) for testing the difference of non-normally distributed
variable from two groups, and Chi-square test for testing the
association of two binary variables. Paired t-test was used for
normal data and paired Mann-Whitney U-test was used for non-
normal data. One-way analysis of variance (ANOVA) and the
Scheffe post-hoc test were used for statistical comparisons among
the HC, acute phase, and stable phase groups. To eliminate the
effects of age and sex, a multivariable linear regression model
was used to determine the differences in the urine pH levels and
urine SG levels among the groups. All tests were two-sided with
a significance level of 0.05.

RESULTS

Baseline Characteristics
Table 1 shows the baseline characteristics between anti-NMDAR
antibody encephalitis patients (female: male = 37:45) and HCs
(female: male = 76:90). The median mRS score and disease
duration in anti-NMDAR antibody encephalitis patients were 4
(1.75–5.00) and 28.63± 19.66 days, respectively. 48 of 82 patients
(58.54%) had seizures. 14 of 82 patients (17.07%) had tumors.

Comparison Between Anti-NMDAR
Antibody Encephalitis Patients and Healthy
Controls
Urine SG, urine pH, serum Scr, and eGFR levels were compared
between anti-NMDAR antibody encephalitis patients and HCs.
The results were shown in Table 1.
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TABLE 1 | Demographic features of patients with anti-NMDAR antibody

encephalitis at initial admission and healthy controls.

Anti-NMDAR

encephalitis

(n = 82)

Healthy

controls

(n = 166)

p-value

Age onset (y, mean ± SD) 32.11 ± 12.27 31.78 ± 12.35 0.842P1

Gender (male: female) 37:45 76:90 1.00P3

Disease duration

(d, mean ± SD)

28.63 ± 19.66 – –

CSF anti-NMDAR Abs

positive (n, %)

82 (100) –

Urine*

Urine pH levels 7.00

(6.50–7.00)

6.00

(5.50–6.50)

<0.001P2

Adjusted urine pH levels 6.78

(6.75–6.90)

6.16

(5.98–6.19)

<0.001P2

Urine SG levels 1.020

(1.015–1.020)

1.020

(1.020–1.025)

<0.001P2

Adjusted urine SG levels 1.017

(1.017–1.018)

1.021

(1.020–1.023)

<0.001 P2

Scr (µmol/L, IQR) 56.00

(47.75–73.25)

58.00

(51.75–68.25)

0.897P2

Adjusted Scr (µmol/L, IQR) 57.80

(55.31–72.70)

53.59

(51.34–68.60)

0.111P2

eGFR (IQR) 123.04

(108.62–

133.51)

123.60

(117.82–

128.81)

0.936P2

Adjusted eGFR 123.18

(113.08–

131.64)

124.80

(118.49–

128.05)

0.746P2

mRS (IQR) 4.00

(1.75–5.00)

0.00

(0.00–0.00)

<0.001P2

With seizure (n, %) 48 (58.54) 0 (0.00) <0.001P3

With tumor (n, %) 14 (17.07) –

anti-NMDAR, anti-N-Methyl-D-aspartate receptor; CSF, cerebrospinal fluid; Ab, antibody;

Scr, Serum Creatinine; GFR, glomerular filtration rate; eGFR, estimated GFR; SG, Specific

Gravity; SD, standard deviation; IQR, interquartile range. *, Anti-NMDAR encephalitis n =

79 (male: female 37:42, age 32.33 ± 12.32); p1, the Student’s t-test; p2, Mann-Whitney

U-tests; p3, Chi-square test.

The median unadjusted and adjusted urine SG level in anti-
NMDAR antibody encephalitis patients were significantly lower
than median urine SG level in HCs (both p < 0.001; Table 1,
Figure 1A). The unadjusted median and interquartile range
(IQR) urine SG level were 1.020 (1.015–1.020) vs. 1.020 (1.020–
1.025) and the adjusted median (IQR) were 1.017(1.017–1.018)
vs. 1.021 (1.020–1.023). In both the unadjusted and adjusted
models, the median (IQR) urine pH levels in anti-NMDAR
antibody encephalitis patients were significantly higher than
HCs (both p < 0.001; Table 1, Figure 1B). The unadjusted
median (IQR) were 7.00 (6.50–7.00) vs. 6.00 (5.50–6.50) and
the adjusted median (IQR) were 6.78 (6.75–6.90) vs. 6.16
(5.98–6.19). In addition, Scr levels in anti-NMDAR antibody
encephalitis patients were also higher than HCs in the adjusted
model, but with no significant differences (p = 0.111; Table 1).
There were not any statistically significant differences in eGFR

(both unadjusted and adjusted) between anti-NMDAR antibody
encephalitis patients and HCs (Table 1).

Comparison Between Anti-NMDAR
Antibody <1:32 and Anti-NMDAR Antibody
≥1:32 in Anti-NMDAR Antibody
Encephalitis Patients at Initial Admission
We further divided these patients into two groups according to
the titers of CSF IgG antibody against NMDAR, anti-NMDAR
antibody <1:32, and anti-NMDAR antibody ≥1:32. The results
were shown in Table 2.

The unadjusted median and interquartile range (IQR) urine
pH levels in patients with anti-NMDAR antibody <1:32 vs.
patients with anti-NMDAR antibody ≥1:32 were 6.75 (6.00–
7.00) vs. 7.00 (6.50–7.00), p = 0.029 (Table 2; Figure 2A). And
the median (IQR) urine pH levels in HCs were 6.00 (5.50–
6.50). The unadjusted median and interquartile range (IQR)
urine pH levels in anti-NMDAR antibody encephalitis patients
with anti-NMDAR antibody <1:32 and anti-NMDAR antibody
≥1:32 were significantly higher than in HCs, respectively (both
p < 0.001; Table 2; Figure 2A). The median (IQR) urine SG
levels in anti-NMDAR antibody encephalitis patients with anti-
NMDAR antibody<1:32 and anti-NMDAR antibody≥1:32 were
significantly lower than in HCs, (p = 0.006 and p < 0.001;
Table 2; Figure 2B).

In addition, we also divided these patients into two groups
according to mRS (0–2 and 3–5), pH (pH ≤ 6.5 and pH > 6.5),
and USG (≤ 1.015 and > 1.015). These results were shown in
Supplementary Tables 1–3.

Correlation Analysis in Anti-NMDAR
Antibody Encephalitis Patients at Initial
Admission
In addition to urine SG levels correlating with urine pH levels in
anti-NMDAR antibody encephalitis patients at initial admission
(r = −0.006, p < 0.001; Figure 3), there were no correlations
between mRS scores, disease duration, Scr levels, urine SG levels,
or urine pH levels. And there were no correlations between mRS
scores, disease duration, urine SG levels, or urine pH levels and
eGFR levels from anti-NMDAR antibody encephalitis patients at
initial admission.

Follow-Up Evaluation in Anti-NMDAR
Antibody Encephalitis Patients Following
Treatments
Urine pH levels were significantly lower in follow-up evaluation
3 months after treatment than at initial admission (p = 0.004),
while urine SG levels were higher in follow-up evaluation
3 months after treatment than at initial admission (p =

0.027), as shown in Table 3, Figure 4, Supplementary Figure 1.
Furthermore, mRS scores were significantly lower in follow-up
evaluation 3 months after treatment than at initial admission.
There were no differences in Scr or eGFR levels in follow-up
evaluations 3 months after treatment and at initial admission.
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FIGURE 1 | (A) The unadjusted and adjusted urine SG level in anti-NMDAR antibody encephalitis patients were significantly lower than that of HCs (both p < 0.001).

(B) The unadjusted and adjusted urine pH levels in anti-NMDAR antibody encephalitis patients were significantly higher than HCs (both p < 0.001). * represents

significant difference between the two groups, p < 0.05.

TABLE 2 | Comparison between NMDAR <1:32 and NMDAR ≥1:32 in anti-NMDAR antibody encephalitis patients at initial admission.

NMDAR <1:32 NMDAR ≥1:32 HCs

Variables (n = 26) (n = 48) (n = 166) p 1 vs. 2 vs. 3 p-value

1 vs. 2

p-value

1 vs. 3

p-value 2 vs. 3

Age onset (y, mean ± SD) 31.85 ± 12.07 30.94 ± 12.02 31.78 ± 12.35 0.894P2 0.757P1 0.979P1 0.746P1

Sex, male: female 11: 15 21: 28 76:90 0.929P3 0.963P3 0.905P3 0.933P3

Disease duration (d, IQR) 24.00 (13.00–28.25) 24.00 (15.50–38.50) – – 0.155P2 – –

Cr (µmol/L, IQR) 61.00 (49.00–74.50) 54.00 (46.00–75.00) 58.00 (51.75–68.25) 0.874P2 0.628P2 0.596P2 0.932P2

eGFR (ml/(min×1.73m2), IQR) 121.83(109.71–132.39) 122.64(106.90–138.22) 123.60 (117.82–128.81) 0.956P2 0.717P2 0.804P2 0.864P2

mRS 2.00 (0.75–4.00) 4.00 (2.00–5.00) – – 0.032P2 – –

USG 1.020 (1.011–1.024)a 1.020 (1.015–1.020)b 1.020 (1.020–1.025) <0.001P2 0.734P2 0.006P2 <0.001P2

pH 6.75 (6.00–7.00)a 7.00 (6.50–7.00)b 6.00 (5.50–6.50) <0.001P2 0.029P2 <0.001P2 <0.001P2

anti-NMDAR, anti-N-Methyl-D-aspartate receptor; CSF, cerebrospinal fluid; Ab, antibody; Scr, Serum Creatinine; GFR, glomerular filtration rate; eGFR, estimated GFR; SG, Specific

Gravity; SD, standard deviation; IQR, interquartile range. p1, the Student’s t-test; p2, Mann-Whitney U-tests; p3, Chi-square test, a, n = 24, b, n = 47. 1 refers to NMDAR <1:32; 2

refers to NMDAR ≥1:32; 3 refers to HCs.

DISCUSSION

To the best of our knowledge, this study is the first to analyze the
results from urinalysis and renal function in patients with anti-
NMDAR antibody encephalitis. In this study, we found that urine
pH and urine SG levels in anti-NMDAR antibody encephalitis
patients at initial admission were significantly higher and lower
than HCs, respectively. Urine pH levels in patients with anti-
NMDAR antibody <1:32 were significantly lower than patients
with anti-NMDAR antibody ≥1:32. The median urine pH levels
and urine SG levels in anti-NMDAR antibody encephalitis
patients at initial admission were higher and lower than those in
follow-up evaluation 3 months after treatment, respectively.

Microarray studies have shown that all known NMDAR
transcripts can be detected in the kidney (5), such as GluN1,
GluN2A, C, D, GluN3A, and B. NMDAR-mediated effects of both
have been observed in the kidney. The proposed functions are
vasodilation, proximal reabsorption, glomerular filtration, and
renotoxicity (15–19). NMDARs are expressed in the renal cortex
and medulla and appear to play a role in the regulation of renal
blood flow, glomerular filtration, proximal tubule reabsorption,

and urine concentration within medullary collecting ducts (6).
A study has found that NR3a is localized to the basolateral
membrane of the collecting duct in the kidney, which may
play a renoprotective role in collecting duct cells (17). Urine
SG is performed to evaluate the kidney’s ability to dilute
or concentrate urine in order to maintain homeostasis (20).
The affected organs outside of CNS in anti-NMDAR antibody
encephalitis, such as the lymphoid tissue, testicular tissue, and
even kidney, have been described in several previous reports and
may have been involved (21–23). In this study, we found urine
SG levels were significantly lower than HCs in anti-NMDAR
antibody encephalitis patients at initial admission. This finding
suggested that anti-NMDAR antibody encephalitis patients may
have defects in their ability to concentrate urine. Furthermore,
the collecting duct is also responsible for acid/base transport (24).
We found urine pH levels in anti-NMDAR antibody encephalitis
patients at initial admission were significantly higher than HCs.
The results suggested urine pH levels in anti-NMDAR antibody
encephalitis patients are more likely to be alkaline than HCs.
We further found different antibody titers had effects on urine
pH. Compared with patients with anti-NMDAR antibody ≥1:32,
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FIGURE 2 | (A) The unadjusted median and interquartile range (IQR) urine pH

levels in patients with anti-NMDAR antibody <1:32 were significantly lower

than those in patients with anti-NMDAR antibody ≥1:32 (p = 0.029). The

median (IQR) urine pH levels in anti-NMDAR antibody encephalitis patients

with anti-NMDAR antibody <1:32 and anti-NMDAR antibody ≥1:32 were

significantly higher than HCs (both p < 0.001). (B) The median (IQR) urine SG

levels in anti-NMDAR antibody encephalitis patients with anti-NMDAR

antibody <1:32 and anti-NMDAR antibody ≥1:32 were significantly lower than

HCs, respectively (p = 0.006 and p < 0.001). * represents significant

difference between the two groups, p < 0.05.

urine pH in patients with anti-NMDAR antibody <1:32 was
closer to the HCs. Therefore, our study suggested that the
antibody against NMDAR has an impact on the collecting duct.
We further analyzed the effect on the results of urinalysis in
follow-up evaluation 3 months after treatment; we found with
the improvement of the disease condition, the urine pH levels
decreased and the urine SG levels increased. According to our
results, the effect on the kidney from anti-NMDAR antibody
encephalitis is involved in impaired urine concentration and
changes to urine pH and urine SG were observed to be a marker
of the improvement of anti-NMDAR antibody encephalitis.

In this study, we found there were no significant differences
in Scr and eGFR between anti-NMDAR antibody encephalitis
patients and HCs. According to this result, our study suggested

FIGURE 3 | Correlation between urine pH and urine SG levels in the

anti-NMDAR antibody patients at initial admission.

TABLE 3 | 3-month follow-up evaluation in anti-NMDAR antibody encephalitis

patients.

Anti-NMDAR antibody encephalitis (n = 32)

At initial

admission

3–month

follow-up

p-value

Sex (male: female) 18:14 18:14 1.000P1

Scr levels (µmol/L, IQR) 60.50

(46.00–77.50)

61.50

(49.25–77.75)

0.456P2

eGFR levels

(mL/min/1.73 m2, IQR)

122.25

(107.48–136.29)

120.27

(109.20–131.25)

0.636P2

urine pH levels 7.00 (6.50–7.00) 6.50 (6.00–7.00) 0.004P2

urine SG levels 1.015

(1.010–1.020)

1.020

(1.015–1.025)

0.027P2

mRS 3.00 (1.25–4.00) 1.00 (0.00–2.00) <0.001P2

anti-NMDAR, anti-N-Methyl-D-aspartate receptor; Ab, antibody; Scr, Serum Creatinine;

GFR, glomerular filtration rate; eGFR, estimated GFR; SG, Specific Gravity; SD, standard

deviation; IQR, interquartile range. P1, Chi-square test; P2, paired Mann-Whitney U-tests.

there were no negative effects on renal function indexes,
such as Scr and eGFR, in anti-NMDAR antibody encephalitis.
There is now a consensus that activation of the NMDA
receptor affects renal function, and in some cases may induce
renal dysfunction (6). Similarly, pharmacological inhibition of
NMDARs in proximal tubules ameliorated renal insufficiency in
an animal model of acute kidney injury (19). Also in animal
models, ischemia results in the upregulation of NR1 subunits
throughout the kidney, and NMDA blockade is reported to
improve renal function after ischemia (25). As mentioned above,
antibodies against NMDAR may not have a deteriorating effect
on renal function indexes such as Scr and eGFR in patients with
anti-NMDAR antibody encephalitis. However, there is a study
analyzing autopsy data of one male patient with anti-NMDAR
antibody encephalitis, which found renal edemawith renal failure
due to acute tubular necrosis (23). This may be explained by the
fact that the above patient was deceased, which may eventually
lead to kidney damage.

However, there are limitations to this study. Firstly, this
is a retrospective study on only a single ethnic population
from a single center, which could result in unintentional
bias. Secondly, the numbers of patients were relatively small,
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FIGURE 4 | Changes in urine pH levels (A) and urine SG levels (B) in anti-NMDAR antibody encephalitis patients after treatment.

especially the numbers of patients at initial admission. However,
to the best of our knowledge, this is the first study to
evaluate urinalysis and renal function in anti-NMDAR antibody
encephalitis. Anti-NMDAR antibody encephalitis is a rare
neuroimmunological disease of CNS. In the future, we will
collect more patients for further investigation. Thirdly, we
did not use eGFRCysC and eGFRCr−CysC to evaluate renal
function in this study. The estimated GFR (eGFR) used
in this study is Cr-based eGFR, which can be affected by
a patient’s age, gender, race, weight, height, body surface
area, and particularly by muscle mass and dietary intake.
eGFRCysC or eGFRCr−CysC could provide a more accurate
measure of renal function. The measurement of eGFRCysC or
eGFRCr−CysC may improve the sensitivity and specificity of the
assessment of kidney function, which will be investigated in
the future.

In conclusion, our results indicate that urine pH levels and
urine SG levels in anti-NMDAR antibody encephalitis patients
were significantly higher and lower than HCs, respectively. These
findings suggest pathophysiological changes in anti-NMDAR
antibody encephalitis patients involve not only the central
nervous system, but also the kidney, especially the collecting duct.
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Objective: The epidemiological characteristics of patients with antibody-medicated

autoimmune encephalitis in China remain unclear, and a large-scale epidemiological

survey is necessary.

Methods: A multiple-center retrospective study was performed. We collected 1,047

patients with suspected autoimmune encephalitis and ultimately enrolled 778 defined

patients across centers in China. All patients were positive for serum [or cerebrospinal

fluid (CSF)] antibodies. Demographic information and clinical data from January 2014 to

January 2019 from 22 centers in China were reviewed.

Results: A total of 778 patients with autoimmune encephalitis were enrolled in the

study. In general, the ratio of males to females was ∼1.2:1. The main subtypes

of autoimmune encephalitis were NMDAR-AE (61.35%), LGI-1-AE (20.61%), and

GABAbR-AE (12.40%). According to the characteristics of age of onset, the incidence

of autoimmune encephalitis showed a “double peak” distribution entailing a 20-year-old

age group and a 60-year-old age group. We next analyzed the proportion of patients with

tumors in this cohort. More specifically, there were 34 patients with tumors and 85 with

tumor marker positivity. Relapse occurred in 81 patients within at least 1 year’s follow

up study: 52 with NMDAR-AE (18.2%); 19 with LGI-1-AE (16.8%); 5 with GABAbR-AE

(9%); and 3 with CASPR2-AE.

Interpretation: Due to the vast differences in demographic features, the incidence of

cancer and the genetic characteristics between the populations in China and Western

countries, the demographics, sex distribution, concomitant tumor rate, clinical features,

and relapse characteristics associated with autoimmune encephalitis in China shows a

similar profile with Western countries with some minor differences.

Keywords: encephalitis, demographic information, clinical symptoms, laboratory tests, relapse, treatment and

outcome
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INTRODUCTION

Autoimmune encephalitis (AE) is associated with autoantibodies
against neurosurface, synaptic or neuronal intracytoplasmic
antigens. Since the first case of anti-N-methyl-D-aspartate
receptor (NMDAR) encephalitis was identified (1), increasing
numbers and subtypes of antibody-mediated encephalitis
have been discovered, such as leucine-rich glioma-
inactivated 1 (LGI-1), γ-aminobutyric acid type B receptor
(GABAbR), and contactin-associated protein-2 (CASPR2)
antibodies (2–4).

AE is induced when the immune system makes auto-
antibodies that are not supposed to be there, these auto-
antibodies begin to attack healthy brain cells wrongly identifying
them as invade foreign though targeting special receptors in the
brain during the brain inflammation (5). The antibodies can
target the attack to receptors on the cell surface of healthy nerve
cells in the brain or target the attack to synaptic receptors that
are exposed to the attacking antibody or ion channels, during this
process the healthy brain cells are destroyed or no longer function
properly (6).

Several cohort studies have been described in Western
countries, whereas a few systemic research and information have
been reported in East Asia. Some centers have reported cases
with neurological involvement in patients with autoimmune
disease and information about treatment or outcomes (7–9).
However, more detailed information from cohort studies
regarding baseline information or whether neurological
symptoms are attributable to secondary mechanisms is needed.
Moreover, there are unanswered questions about differences
in disease profiles regarding demographic information, genetic
background, and cancer epidemiology between Eastern and
Western regions.

Increased awareness and advanced testing methods
in recent years have led to more frequent diagnoses of
AE (10, 11). Nonetheless, the diverse clinical symptoms
hamper accurate diagnosis and, consequently, appropriate
treatment, thereby influencing outcomes, and prognoses for
these patients.

Taking advantage of the National Center for Clinical Medicine
of Neurological Diseases, a respective cohort of AE was
established to describe the clinical characteristics, treatment
regimens, and long-term outcomes of patients with this disease
in China. We retrieved information from 22 hospital medical
centers in China for this retrospective study. This paper aims to
provide supporting evidence for the diagnosis and treatment of
patients with AE based on the investigation of this cohort as well
as the existing literature.

Abbreviations: AEDs, antiepileptic drugs; AE, autoimmune encephalitis; IQR,

interquartile range; NMDAR, anti-N-methyl-D-aspartate receptor; LGI-1, leucine-

rich glioma-inactivated 1; GABAbR, γ-aminobutyric acid type B receptor;

CASPR2, contactin-associated protein-2; MTX, methotrexate; RTX, rituximab;

IVIG, IV immunoglobulin; PE, plasmapheresis; CTX, cyclophosphamide; MMF,

mycophenolate mofetil; AZA, azathioprine.

METHODS

Standard Protocol Approvals,

Registrations, and Patient Consent
This study was approved by the Ethics Committee of the Beijing
Tiantan Hospital. The study was conducted in accordance with
the Declaration of Helsinki, and all patients provided informed
consent for the use of their medical records. All data analyzed in
the study were strictly anonymous.

Study Design and Population
Patients which suspected AE were enrolled consecutively from
January 2014 to January 2019 at Beijing Tiantan Hospital,
Tianjin Medical University Affiliated Hospital, Henan Province
People Hospital, Nanjing Medical Hospital, Zheng Zhou
Medical University Affiliated First Hospital, Qi Lu Hospital,
Ningxia Medical School-Affiliated Hospital, Hebei Medical
School Affiliated Hospital, Qingdao University Medical School
Affiliated Hospital, Shanxi Province Hospital, and Baotou City
Hospital, Xiangya Hosptial, Huaxi Hosptial, Jilin University
affiliated First Hospital, Tongji Hospital, Zhongshan Hospital,
Jilin University affiliated Third Hospital, The First Affiliated
Hospital of Guangxi University, The first affiliated hospital, Sun
Yat-sen University, Jilin University affiliated third hospital, and
Wuhan Xiehe Hospital.

All the patients included in the study based on the
following criteria: (1) Subacute onset (rapid progression of
<3 months) of 1 or more of the 10 major groups of
manifestations, including psychosis, memory deficit, speech
disturbance, seizure, movement disorder, loss of consciousness,
autonomic dysfunction, and central hypoventilation; (2) with
or without CSF pleocytosis, encephalitis MRI features or EEG
epileptic or slow-wave activity; (3) cerebrospinal fluid (CSF) or
blood serum antibody testing positive for AE antibodies based
on a cell-based assay (CBA) (FA 112d-1 for NMDAR, AMPAR,
GABAbR, LGI-1, CASPR2; FA 1151 for LgLON5; Euroimmun
Ag, Lubeck, Germany); (4) subtype cases more than 10 could be
included and listed in this study; and (5) reasonable exclusion of
other disorders.

Demographic data including age at onset, sex and ancillary test
results including CSF or blood serum antibody test results, and
magnetic resonance imaging (MRI) and electroencephalography
(EEG) results were recorded. All patients were screened at
least once for systemic tumors by computed tomography (CT),
positron emission tomography (PET), MRI, or ultrasound at
onset, if possible. Patients with tumors underwent tumor removal
following the standard treatment for AE.

For the autoimmune encephalitis immunotherapy treatment
included first-line [IV immunoglobulin (IVIG), corticosteroids,
or plasmapheresis (PE) alone or combined] and second-
line [rituximab (RTX) and cyclophosphamide (CTX) alone
or combined] immunotherapies. Long-term immunotherapies
[mycophenolate mofetil (MMF) or azathioprine (AZA) >1 year]
and other immunotherapies [intrathecal methotrexate (MTX)]
were also administered.
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For the treatment effects evaluation, the modified Rankin
Scale (mRS) was applied. For the relapse, it was defined as an
exacerbation of previous symptoms or the occurrence of new
symptoms after being stable for 2 months.

Statistical Analysis
SPSS 22.0 was used for statistical analysis. Descriptive statistics
were applied to analyze clinical data, such as medians and
percentages. Figures were generated by GraphPad Prism 6.0.
Quantitative data with normal distributions are presented as
the mean ± SD; otherwise, medians with the interquartile
range (IQR) are provided. A value of p < 0.05 was
considered significant.

Data Availability
Anonymized data not published within this article will be made
available by request from the principal investigator, Qun Wang.

RESULTS

Epidemiological Characteristics
A total of 1,047 suspected AE cases from 20 centers in China were
collected for this study, and 778 defined patients were ultimately
enrolled based on positive blood serum or CSF antibody assay
results (Figure 1). In the collecting data set, only 74.31% patients
reported antibody positive.

Among these autoimmune patients, the ratio of males to
females was 1.2:1 (Figure 2A and Supplementary Tables 1, 2).
The main subtypes of AE were NMDAR-AE (61.35%), LGI-
1-AE (20.61%), and GABAbR-AE (12.40%) (Figure 2A and
Supplementary Tables 1, 2). For each AE subtype, the sex ratio
and age distribution of patients were also different. For the
NMDAR-AE patients, the female ratio was 50.39% (Figure 2A
and Supplementary Tables 1, 2), to compared with the data to
Titulaer group’s report, we also analysis the percentage of females
in the age interval between 18 and 45 years old, the ratio is
still 49.78%, this is different from reports in Western countries
(80%). The median age in this autoimmune subtype was 27 years
in females, ranging from 1 to 87 years, and 28 years in males,
ranging from 2 to 83 years (Supplementary Tables 1, 2). For
LGI-1-AE, the female ratio was∼29.69%, which was significantly
lower than the male ratio. The age distribution in females was 58
years, ranging from 23 to 78 years, and the median age in males
was 61 years, ranging from 15 to 82 years. Among GABAbR-AE
patients, the female ratio was ∼35.06%, also significantly lower
than the male ratio. The median age in females and males was 56
and 57 years, ranging from 17 to 84 years and from 28 to 82 years,
respectively (Supplementary Tables 1, 2).

Patients under 18 years of age comprise a special group that
needs intensive care in the hospital, and we analyzed ratios across
subgroups in this study. The patient number and percentage in
the NMDAR subgroup were significantly higher than those in the
other groups: the total NMDAR subgroup patient number was
77, and∼25.71% were under 18 years old (p > 0.01); in the other
groups, the percentages were 1.25% (LGI-1), 2.41% (GABAbR),
and 15.38% (CRASPR).

FIGURE 1 | Flow chart of patients’ inclusion and exclusion. One thousand and

seventy-four patients were initially screened, 296 of them were excluded, a

total of 778 AE patients were enrolled in the study.

The distribution of AE subtypes varied between the sexes.
In the male group, 55.59% had NMDAR-AE vs. 68.33% in the
female group, and 26.47% had LGI-1 vs. 13.52%; 14.41% of males
had GABAbR-AE vs. 9.96% of females, and 2.05% of males had
CASPR2-AE vs. 5.69% of females (Figures 2B–E).

According to the characteristics of age of onset, the incidence
of AE exhibited a “double peak” distribution, with a 20-year-
old age group and a 60-year-old age group (Figure 2B). The age
of onset of NMDAR-AE was mainly ∼20 years old (Figure 2C),
whereas that of LGI-1 and GABAbR-AE was mainly at∼60 years
old (Figures 2D,E), which constituted a later peak.

Clinical Characteristics
Based on our study, the most common clinical manifestations of
AE in the initial stage were psychosis (341 patients, 54.91%) and
seizure (397 patients, 63.93%). In this study, we also noted that
headache (34.65%) and fever (33.60%) were more frequent (p <

0.001) in the NMDAR subgroup than in the other subgroups,
with rates of <8%. The percentage of patients with a decrease
in consciousness was lower in the LGI-1-AE subgroup, at only
7.03% of patients, than in the other groups, which was over 20%
(p < 0.001). However, memory deficits were more likely in the
LGI-1-AE subgroup, at ∼62.5%, which was significantly higher
than that in the other subgroups (p < 0.001). In the GABAbR-
AE subgroup, movement disorders were a rare symptom that
appeared in∼3.90% of patients. More detailed information about
these symptoms are provided in Table 1.

Associated tumors are detected in AE patients, and oncologic
management (chemotherapy or tumor resection) is essential
for improvement. In this study, tumors were diagnosed in
34 (8.97%) of 379 patients who underwent tumor screening
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FIGURE 2 | (A) Male to female ratio of all subtype AE patients. (B–E) Distribution of gender and age of AE patients and its subtype.

tests, including thyroid ultrasound, abdominal ultrasound,
gynecological ultrasound, breast ultrasound, thoracoabdominal
CT, and whole-body PET/CT. Of 212 anti-NMDAR-AE patients,
23 were diagnosed with tumors (10.85%). Of the 19 females, 16
(84.2%) had ovarian teratomas, two had hamartoma, and one had
small-cell lung cancer; of the 4males, 3 had small-cell lung cancer
and one had gallbladder small-cell carcinoma. All female patients
with ovarian teratomas underwent tumor removal, whereas the
patient with lung cancer was treated with palliative therapy by an
internist and later died of cancer. In the GABAbR-AE group, a
total of 9 patients were diagnosed with cancer, including 8 with

small-cell lung cancer and one with a mediastinal tumor. To our
surprise, LGI-1-AE rarely correlated with cancer in follow-up
studies (Supplementary Table 4).

Auxiliary Examinations
In this study, ∼510 patients underwent brain MRI at onset, and
295 (61.2%) had abnormal fluid-attenuated inversion recovery
(FLAIR) sequence signals, including 45.45% (115/253 patients)
with NMDAR-AE, 82.14% (115/140 patients) with LGI-1-AE,
75.31% (61/81 patients) with GABAbR-AE, and 91.67% (33/36
patients) with CASPR-AE and other types. MRI findings were
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TABLE 1 | On-set clinical symptom of patients with autoimmune encephalitis.

On-set All NMDAR-AE LGI-1 AE GABAbR-AE CRASPR-AE

(n = 778) (n = 494) (n = 160) (n = 83) Others (41)

Psychosis 414 (53.21%) 270 (54.66%) 79 (49.38%) 42 (50.60%) 23 (56.10%)

Seizures 482 (61.95) 279 (56.48%) 120 (75.00%) 70 (84.34%) 13 (31.71)

Fever 181 (23.26%) 164 (33.20%) 3 (1.88%) 6 (7.23%) 8 (19.51%)

Consciousness-decrease 200 (25.71%) 141 (28.54%) 16 (10.00%) 35 (42.17%) 8 (19.51%)

Memory deficit 177 (22.75%) 47 (9.51%) 97 (60.63%) 24 (28.92%) 9 (21.95%)

Speech disturbance 126 (16.19%) 89 (18.02%) 14 (8.75%) 14 (16.87%) 9 (21.95%)

Movement disorder 111 (14.27%) 82 (16.60%) 14 (8.75%) 4 (4.82%) 11 (26.83%)

Sleep disorder 94 (12.08%) 58 (11.74%) 18 (11.25) 13 (15.66%) 5 (12.20%)

Headache 175 (22.49%) 161 (32.59%) 7 (4.38%) 5 (6.02%) 2 (4.88%)

Visual defect 42 (5.40%) 35 (7.09%) 3 (1.88%) 1 (1.20%) 3 (7.32%)

LGI-1 seizure included FBDS, 49 patients (40.83%).

mainly abnormal in the medial temporal lobe, including in
∼36.44% of the patients with NMDAR-AE, 46.08% with LGI-1-
AE, 50.00% with GABAbR-AE, and 61.54% with CASPR-AE and
other types. Other involved areas included the frontal, parietal,
and occipital cortices, the diencephalon, the cerebellum, and
the brainstem.

Abnormal EEG findings were obtained in 386 of 525 patients
(73.52%): 351 (66.85%) had slow activity, and 32 (6.10%) showed
epileptiform discharges. For each subtype of AE, abnormal EEG
percentages were 79.16% (247/312) in those with NMDAR-AE,
61.29% (76/126) in those with LGI-1-AE, 63.79% (37/58) in those
with GABAbR-AE, and 89.66% (26/29) in those with CASPR-AE
and other types (Supplementary Table 4).

In total,∼597 patients were tested for CSF white blood cells in
the initial stage, with levels of 39.26 (count permm3) in NMDAR-
AE patients, 7.79 in LGI-1-AE patients, and 29.93 in GABAbR-
AE patients. Moreover, protein levels in the CSF at onset were
elevated in 394 patients, including 0.47 mg/dL in NMDAR-AE
patients, 0.553 mg/dL in LGI-1-AE patients, and 0.64 mg/dL in
GABAbR-AE patients (Supplementary Table 3).

Treatment Outcomes
There are various treatment approaches for AE patients, such as
first-line corticosteroid treatment, intravenous immunoglobulin
treatment, plasma exchange treatment and second-line rituximab
and cyclophosphamide treatment. Overall, 768/778 (98.76%)
patients received first-line immunotherapy in hospital, a
combined regimen of repeated steroids and IVIG in most
cases (444 patients, 57.1%). A total of 665 (85.48%) patients
received steroids, of whom 221 (33.23%) received pulsed IV
methylprednisolone. IVIG was administered to 553 (71.08%)
patients, and 20 (2.5%) patients underwent PE. Conversely,
second-line immunotherapy was administered to only a small
proportion of the patients. Thirty-six (4.5%) patients received
RTX or CTX. Our statistical analysis, especially for the in-
hospital patients, all the patients from on-set to diagnosis and
treatment taking about 2–28 days, for the in-hospital treatment
14 days (IQR: 8–27 days). During this treatment period, we
evaluated the patient’s condition and the effect of treatment with

the Modified Rankin Scale (mRS), and the whole process showed
in Figure 3A. In general, 75% of the patients (n= 461) improved
after treatment, the change of mRS distribution before and after
treatment could be found in Figure 3B (mRS distribution before
and after treatment) and Figure 3F (mRS change distribution
ratio mapping), for more detailed information about other
subtypes such as NMDAR, LGI-1 andGABAbR could be found in
Figures 3C–E,G–I. Generally, the treatment-response NMDAR-
AE is better than LGI-1 AE, LGI-1 AE is better than GABAbR-
AE. However, due to lacking the mRS recording information for
the following-up study, we could not provide more information
about mRS evaluation in this study.

Relapse Group
For more than 1 year’ follow up study, a total of 138 relapsed
patients (17.74%) were evaluated. The median duration from
onset to the first relapse was 192 days (IQR: 100–354). Of the
relapsed cases, 51 patients (36.96%) were female, 36 patients
(21.83%) were under 18 years old, 89 patients (64.49%) had
NMDAR-AE, 31 patients (22.46%) had LGI-1-AE, 9 patients
(10.11%) had GABAbR-AE, 5 patients (3.62%) had CASPR-
AE, and 4 patients (2.90%) had other types. Regarding the
relationship between relapse and cancer, two patients with
NMDAR-AE relapse (2/89) had ovarian teratomas at disease
onset, and 4 patients with GABAbR-AE relapse (4/9) had lung
cancer at disease onset.

DISCUSSION

In this study, we showed that our collected and analyzed data
are comparable with those in previous literature (Table 2), and
we provided additional detailed information. The incidence of
antibody-mediated AE is increasing over time, and an increasing
number of patients are identified after being diagnosed with other
diseases, especially psychiatric disorders. Overall, it is of great
importance to be aware of antibody-mediated AE in patients
with various symptoms, which will lead to an increased amount
of testing for autoantibodies and, consequently, an increased
number of patients diagnosed with this disease.
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FIGURE 3 | (A) time line of mRS-taking. (B–E) mRS score at onset stage and out-hospital stage in AE patients and other subtype AE patients. (F–I) mRS score

change after treatment in AE patients and other subtype AE patients.

To our knowledge, this is the largest Chinese AE cohort
to date. We identified anti-NMDAR encephalitis, anti-LGI-
1 encephalitis, anti-GABAbR encephalitis, and anti-CASPR
encephalitis as the most common subtypes in our cohort, which
is similar to previous studies in China and in Western countries
(7, 8, 14, 15).

The mode of onset in antibody-mediated AE is mostly
acute or subacute. The common clinical manifestations reported
include psychiatric disorders, epileptic seizures, involuntary
movement, and sleep disorders (16). Our results are similar
to previous studies. In our study, the most common clinical
symptoms in patients were psychiatric symptoms and epileptic
seizures, consistent with other Chinese cohorts and most
Western cohorts (7, 8, 14, 15). In addition, consciousness
impairment, memory deficit, speech disturbance, movement

disorder and sleep disorder are common symptoms worth
noting (17). In this study, we observed that headache and
fever were more frequent in anti-NMDAR AE than in
other subtypes. Scholars have speculated that viruses can
trigger a pro-inflammatory state that activates the immune
system, including microglia and immune cells in the central
nervous system. Over activated immune cells produce an
autoimmune response against the CNS (18). In previous studies,
HSV has been found to be an important inducer of anti-
NMDAR AE (19). In addition to HSV, other viral antigens,
such as HIV, rubella virus, cytomegalovirus and Epstein-Barr
virus, may also be positive in some patients (20–23). This
might explain the higher prevalence of fever and headache
in anti-NMDAR AE, as such symptoms are relevant to
viral infection.
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TABLE 2 | Comparison of several representative cohort or case series of antibody-mediated autoimmune encephalitis in China and western countries.

#of patients

(region, centers)

Demographic

information

Common types Clinical characteristics Auxiliary examination Treatment Prognosis and

outcome

This study N = 1,027 N =

778 (China,

23 centers)

1–87 y.o. (median

= 35); female

45.50%

Anti-NMDAR (61.35%),

Anti-LGi1 (20.57%),

Anti-GABAbR (10.67%),

others (5.27%)

Psychosis (53.21%), seizures (61.95%),

headache (32.59%), fever (33.20%),

consciousness impairment (28.54%)

MRI: abnormal FLAIR

signals (61.2%) mainly in the

medial temporal lobe. EEG:

slow activity (61.67%) and

epileptiform discharges

(6.88%)

First-line: steroid

(85.48%) and IVIG

(66.77%), mostly

combined (57.1%); PE

(2.5%)

Second-line: RTX or

CTX (4.5%)

17.74% with relapse:

anti-NMDAR (64.49%),

anti-LGi1 (22.46%),

anti-GABAR (10.11%),

anti-Caspr2 (3.62%)

Deng et al. N = 86 (China,

single-center)

Mean = 32.9 y.o.;

female 44.19%

Anti-NMDAR (83.72%),

Anti-LGi1 (4.65%),

Anti-GABAbR (5.81%),

anti-Caspr2 (3.49%), others

(3.49%)

Psychiatric disturbance, epilepsy,

autonomic dysfunction, sleep disorders,

consciousness disorders

MRI: abnormal in 50%,

mainly insular/hippocampal

abnormality. EEG: abnormal

in 71%; typically slow waves

and sharp waves, mainly in

the frontal area (48.8%) and

area centralis (32.6%)

steroid or in

combination with PE,

IVIG, or

immunosuppressive

agents like

cyclophosphamide

Immune therapy

administered within 15

days from onset was

associated with a

higher rate of mRS

score difference ≥ 2

Gu et al. N = 189

(Southwest China,

multi-center)

1–70 y.o. (median

= 16); female

61.38%

Anti-NMDAR (80.95%),

Anti-LGi1 (4.76%),

Anti-GABAbR (7.41%),

anti-Caspr2 (2.65%), others

(4.23%)

N/A in detail; 62.22% of adult and 10.10%

of children admitted to ICU

N/A N/A 76.71% of male

patients and 92.92% of

female patients had a

good prognosis

Probasco et al. N = 61 (Sweden,

single-center)

Median = 54 y.o.;

female 54%

Anti-NMDAR (13.11%),

Anti-LGi1 (8.20%),

Anti-VKGC (6.56%),

anti-GAD65 (6.56%), other

seropositive (18.03%)

Short-term memory impairment (75%),

cerebellar signs (77%), focal weakness

(61%), focal numbness (57%), movement

disorder (64%), seizures (41%)

FDG-PET/CT: brain regional

abnormal metabolism 85%

N/A N/A

Titulaer et al. N = 577 (USA,

multi-center)

<18 y.o.: 37%;

>18 y.o.:63%;

female 81%

Anti-NMDAR specifically Behavior problem (65%), movement

disorder (50%), Seizures (50%); 77%

admitted to ICU

MRI: abnormal in 33% EEG:

abnormal in 90%

First-line

immunotherapy: 92%

Second-line

immunotherapy: 27%

Tumor removal y: 2%

Favorable

outcomes: 81%

Relapse: 11%

Mueller et al. N = 150

(Germany,

multicenter)

Anti-NMDAR:

mean = 30.3 y.o.

Anti-LGi1: mean =

62.7 y.o.

Anti-NMDAR and anti-Lgi1

specifically

Anti-NMDAR: seizures (73%), psychiatric

symptoms (92%), movement disorder

(45%), autonomic dysfunction (39%)

Anti-Lgi1: seizures (76%), psychiatric

symptoms (57%), movement disorder

(11%), autonomic dysfunction (12%)

Anti-NMDAR: abnormal MRI

in 57%, abnormal EEG

in 75% Anti-LGi1: abnormal

MRI in 74%, abnormal EEG

in 78%

N/A N/A

Xu et al. (12) N = 220 (China

single-center)

<18 y.o.: 31.08%;

>18 y.o.: 68.92%,

female 81%

Anti-NMDAR specifically Psychosis 82.7%, seizures 80.9%, Fever

57.3%, decrease of consciousness

53.2%, 30.9% admitted to ICU

MRI: abnormal in 35.9%

EEG: abnormal in 51.4%

First-line

immunotherapy: 99.5%

Second-line

immunotherapy: 7.3%

94.1% improvement

3.6% stable 2.3% died

Guan et al. (13) N = 531 (China

single-center)

N/A. Anti-NMDAR (79.7%),

Anti-LGi1 (12.8%),

Anti-GABAbR (5.6%),

others (1.8%)

N/A. N/A. N/A. Relapse: 23.5%
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In our study, there were 34 patients with tumors and 85
patients diagnosed with abnormal tumor markers [including
Alpha fetoprotein (AFP), CA125, CA242, CA72-4, CA50, CA19-
9, carcinoembryonic antigen (CEA), Prostate specific antigen
(t-PSA), Cytokeratin-19-fragment (CYFYA21-1), neuron specific
enolase (NSE), Squamous cell carcinoma antigen (SCC), pro-
gastrin-releasing peptide (ProGRP)]. In the case of anti-NMDAR
AE, the prevalence of an underlying neoplasm varies among
studies. For example, Titulaer et al. reported that 38% of patients
had a tumor and that Asian patients were more likely (45%) to
have a teratoma (15). However, only 8.39% of the patients in our
cohort had a tumor, with ovarian teratoma comprising 84.2% of
the tumors diagnosed in females. Other studies of Chinese or
Asian cohorts have also reported a relatively low prevalence of
tumors (Supplementary Table 4) [Lim et al. (24), 22.7%; Wang
et al. (25), 8%; Liu et al. (22), 6.7%; Zhang et al. (26), 8.1%]. The
heterogeneity among Asian and Western populations might be
due to different genetic backgrounds and epidemiologic factors.
In addition, sample size differences and selection bias are also
factors that might influence the results. Thus, future studies are
required to confirm the association between AE and tumors.

Brain MRI and EEG are the main auxiliary examinations
significant for the diagnosis of antibody-mediated AE. Findings
on brain MRI and EEG analyses provide evidence that AE is
a “diffuse encephalopathy” (7, 15, 27). In this study, abnormal
signals on brain MRI were detected in 61.2% of the patients,
predominantly in the medial temporal lobe. This result is similar
to another study in southwestern China (abnormal in 50%,
mainly insular/hippocampal abnormality) (8). This result might
explain the high incidence of epileptic seizures in patients with
AE, as medial temporal structures, including the hippocampus,
are critical in the neural circuits that play an important role in
seizure propagation (28, 29). Abnormal signals in other areas of
the cortex, diencephalon, brainstem, and cerebellum have also
been reported (27). Abnormal EEG signals were more commonly
observed in this study and in previous studies. Most of the EEG
abnormalities were slow waves, which are indicative of brain
structural lesions. Epileptiform discharges such as sharp waves
were also observed in the present and previous studies, indicating
clinical or subclinical seizure activity (7, 14, 15).

In the management of antibody-mediated AE, repeated first-
line immunotherapy, mostly a combination of steroids and IVIG,
was most frequently used in our cohort. In contrast, second-
line immunotherapy was applied in a relatively small portion
of patients due to RTX’s off-label use for AE in China (7, 15).
This situation is similar to previous reports in China, where the
second-line immunotherapy is limited by RTX’s off-label use for
AE, cost, hospitalization requirements, and concerns about side
effects (7, 8, 30). While in previous reports in Western countries,
the second-line immunotherapy was applied in a much larger
proportion of patients because it’s commonly used in those who
failed the first-line therapy (15). The proportion of patients who
received improvements and favorable outcomes was relatively
high, which are similar between reports from China andWestern
countries (8, 15, 30). Moreover, Titulaer et al. suggested that
predictors of good outcome were early treatment and lack of ICU
admission, and predictors of good outcome and the magnitude

of effect of second-line immunotherapy were comparable to the
entire cohort, validating the therapeutic significance of second-
line immunotherapy which is not fully utilized yet in China
(15). Relapses (clinical symptoms descriptions) were relatively
common in our cohort and other reports [17.3% (30, 31)] in
China, which is slightly higher than Western reports [12% (15)].
This might be due to genetic differences among different human
races. The serum or CSF antibody titer did not consistent with
clinical severity. In some relapse cases, antibodies could only
be detected in the CSF, as previously reported (7, 8, 15). This
suggests that we should combine clinical manifestations and
antibody titer in disease monitoring in clinical practice.

The main limitations of this study as the same as other
retrospective researches. The patients were recruited from the
clearly diagnosed autoimmune encephalitis, which excluded the
other unclearly antibody medicated autoimmune encephalitis,
not included all potential autoimmune encephalitis patients
(antibody test negative group). Even though the diagnosis of
autoimmune encephalitis could be evaluated or diagnosed by
multiple methods for concluding the possibility or probability in
patients with diverse AE syndromes independent from the serum
or CSF antibody. However, these methods could not be applied
in the retrospective study. And also, even though we could apply
the scale for the AE diagnosis in the RCT research, at this
time, we could not clearly classify them to each specific subtype,
which might bring limitations in clearly describing clinical
characteristics, immunotherapy regimens, and outcomes for each
subtype of autoimmune encephalitis. In addition, theoretically
speaking, AE associated with antibodies of GABAa Receptor,
mGluR5, AMPA Receptors should also be included in this study,
but the numbers of cases with these subtypes of AE were too
limited (<10 cases) in the cohort to perform convincing analysis.
Thus, we were not able to provide more detailed information
here. All these cases were classified into others group, which
might bring bias into this study.

This study describes multiple subtypes of autoimmune
encephalitis clinical characteristics, immunotherapy regimens,
and long-term outcomes of patients in China.
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Introduction: Autoimmune encephalitis is a disorder associated with antibodies directed

against central nervous system proteins with variable clinical features. This study aims

to add to knowledge of the disease by reporting the details of a cohort of patients with

autoimmune encephalitis in Queensland, Australia.

Methodology: We surveyed patients with autoimmune encephalitis diagnosed and

managed through public hospitals in Queensland, Australia between 2010 and the end

of 2019. Cases were identified via case detection through a centralized diagnostic

neuroimmunology laboratory (Division of Immunology, HSQ Pathology Queensland

Central Laboratory, Brisbane, Queensland, Australia) and a survey of neurologists. Data

including demographic details, clinical presentation, investigation results, treatments

including immune therapy and outcomes was collected.

Results: Sixty cases of antibody positive autoimmune encephalitis were identified.

Twenty-eight were of anti-NMDA-receptor encephalitis with other cases associated with

antibodies against LGi1, Caspr2, glycine receptor, DPPX, GABAB receptor, IgLON5,

GFAP, and SOX1. The number of diagnosed cases, especially of anti-NMDA-receptor

encephalitis has markedly increased over the period 2017 to 2019. Clinical presentations

were marked by heterogeneous symptom complexes and prolonged hospital

admissions. Imaging studies were largely normal or non-specific. There was a response

to immune therapy and a low mortality rate. Most cases affected by this disorder were

left with ongoing symptoms associated with mild disability.
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Conclusion: Autoimmune encephalitis in Queensland, Australia is an increasingly

common but complex clinical entity marked by heterogeneous presentations,

response to immune therapy and outcome results marked by low mortality and

incomplete recovery.

Keywords: autoimmune encephalitis, anti-NMDA-receptor antibody encephalitis, immune therapy, anti-glycine-

receptor antibody associated disease, anti-CASPR2 encephalitis, anti-LGI1 encephalitis

INTRODUCTION

Recent years have seen autoimmune encephalitis become
established as a potential diagnosis in patients presenting with a
range of neurological and psychiatric symptoms. In 2007 Dalmau
et al. detailed the clinical features of 12 women presenting with
psychosis, seizure, memory disturbance, movement disorder,
autonomic dysfunction and decreased level of consciousness,
in association with ovarian teratoma and antibodies against N-
methyl-D-Aspartate receptor (NMDA-R) (1).

Since then, understanding of autoimmune encephalitis has
evolved and now represents a clinical spectrum of disease
phenotypes, associated with more than 15 central nervous system
protein targets (2). These antigenic targets are predominantly
synaptic cleft channels or proteins and include leucine-
rich glioma inactivated 1 (LGi1) (3, 4), contactin-associated-
protein-like 2 (Caspr2) (5–7), glycine receptor (8, 9), gamma-
aminobutyric acid-B receptor (GABABR) (10, 11), dipeptidyl-
peptidase-like protein 6 (DPPX) (12), immunoglobulin-like cell
adhesion molecule 5 (IgLON5) (13–15), glial fibrillary acidic
protein (GFAP) (16), and SRY-Box Transcription Factor 1
(SOX1) (17–19). The growing number of reported cases has
broadened the clinical spectrum associated with autoimmune
encephalitis (20).

Recent international cohort studies have analyzed single
center autoimmune encephalitis experience with clinical
presentations and management approaches (21), short-
term prognosis in a Chinese center (22) and analyzed the
high medical costs involved in autoimmune encephalitis
presentations (23). There are emerging Australian autoimmune
encephalitis data sets (24, 25). To date, these have focused
on defining characteristics of autoimmune encephalitis
in Australia with reference to specific investigation
findings (26, 27), certain antibody subsets (24) or the
relationship between autoimmune encephalitis and psychiatric
presentations (25, 28).

In this study the authors look to build on recent developments
in knowledge of autoimmune encephalitis by presenting findings
from an Australian region-based analysis of cases. This
incorporates autoimmune encephalitis presenting to tertiary
neurology centers, psychiatric services and other hospitals within
Queensland, Australia. This approach was enabled by the
collation of cases through a central diagnostic neuroimmunology
laboratory. There is specific focus within this dataset in assessing
and comparing clinical data, therapeutic approach, treatment
response and outcome measures across a range of autoimmune
encephalitis subsets.

MATERIALS AND METHODS

Case detection was undertaken via ascertainment of antibody
cases through a centralized diagnostic neuroimmunology
laboratory (Division of Immunology, HSQ Pathology
Queensland Central Laboratory, Brisbane, Queensland,
Australia) and a survey of neurologists. Data was collected
on identified cases via both their treating neurologist and
through a retrospective chart audit.

Since 2010 to the present, all autoimmune encephalitis-
related antibody and anti-neuronal antibody testing for
Queensland public hospitals has been performed in a
single laboratory (Division of Immunology, HSQ Pathology
Queensland Central Laboratory). This is a diagnostic
referral laboratory offering specialized neuroimmunology
testing. The following assays were used for the detection
of the various autoimmune encephalitis-related antibodies
and anti-neuronal antibodies. Anti-NMDA-receptor IgG
antibodies were detected in serum and cerebrospinal fluid
(CSF) by indirect immunofluorescence using a commercial
assay containing four biochips of primate hippocampus,
primate cerebellum, fixed NR1-transfected human embryonic
kidney 293 (HEK293) cells, and fixed non-transfected
control HEK293 cells (IIFT: Glutamate Receptor Mosaic
3, Euroimmun, Lübeck, Germany). Antibodies against
LGi1, Caspr2, GABABR, a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid receptor types 1 and 2 (AMPAR1
and AMPAR2, respectively), were detected in serum and
CSF by indirect immunofluorescence using a commercial
assay containing biochips of fixed HEK293 cells transfected
with LGi1, CASPR2, GABABR, AMPAR1, and AMPAR2
(IIFT: Autoimmune Encephalitis Mosaic 6, Euroimmun,
Lübeck, Germany). Anti-glycine-receptor antibody analyses
were performed by the Autoimmune Neurology Diagnostic
Laboratory (Oxford, UK) using a cell-based assay of live
HEK293 cells transfected to express homomeric alpha 1
glycine-receptor subunits (24).

Antibodies against SOX1, IgLON5, GFAP, and DPPX were
screened in serum and CSF by indirect immunofluorescence
using a commercial fixed composite slide containing primate
cerebellum, primate cerebrum and murine stomach (NOVA
Lite Monkey Cerebellum/Cerebrum & Mouse Stomach Slide
Pack, Inova Diagnostics, San Diego, CA, USA). The presence of
antibodies against SOX1 in serum and CSF was confirmed using
a commercial immunoblot that contained SOX1 (EUROLINE
Neuronal Antigens Profile PLUS RST (IgG), Euroimmun,
Lübeck, Germany). The presence of antibodies of IgLON5 in
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serum and CSF was confirmed by indirect immunofluorescence
using a commercial assay containing biochips of fixed HEK293
cells transfected with IgLON5 (IIFT: IgLON family member
5, Euroimmun, Lübeck, Germany). The presence of antibodies
against GFAP in CSF was sent for confirmation by the
Autoimmune Neurology Diagnostic Laboratory (Oxford, UK).
Finally, the presence of antibodies against DPPX in serum and
CSF was confirmed by immunoprecipitation studies, and this
patient was previously reported in a series of patients with this
antibody (12).

Case data was assessed by both a neurologist and
neuropsychiatrist (AS and NW).

Adult patients (defined as >18 years of age at time
of identification by the study authors) were included if
there was a positive IgG NMDA-receptor antibody or other
autoimmune encephalitis associated antibody in either serum
or CSF (cerebrospinal fluid) and if their clinical features and
investigations were consistent with autoimmune encephalitis.
Seronegative cases were excluded. Individuals were excluded
if younger than 18 years of age at the time of case
identification, if the antibody detected had only been reported
and/or confirmed by another diagnostic laboratory (with
the exception of anti-Glycine-receptor antibodies, anti-DPPX
and anti-GFAP), if the patient lived outside of Queensland
at the time of case identification or if the autoimmune
encephalitis was secondary to another neuroinflammatory
or neuroinfectious condition such as anti-NMDA-receptor
encephalitis complicating herpes simplex virus encephalitis.
Cases with antibodies targeting intracellular or intracytoplasmic
oncogenic antigens (ANNA-1/Hu, ANNA-2/Ri, PCA-1/Yo,
PCA-2, anti-Ma/Ta, anti-amphiphysin, anti-GAD, and anti-CV2)
were also excluded.

Ethical approval for this study was granted from
Metro-South Human Research and Ethics Committee
reference HREC/17/QPAH/423.

RESULTS

Sixty cases of autoimmune encephalitis meeting inclusion criteria
were identified. Twenty-eight were of anti-NMDA-receptor
encephalitis. The next most common subtypes were fourteen
cases of anti-glycine-receptor related neurological disease and
eight cases of anti-LGi1 encephalitis. There were three or
fewer cases of autoimmune encephalitis with antibodies directed
against Caspr2, DPPX, GABABR, IgLON5, GFAP, and SOX1.
Data related to the patients with anti-glycine-receptor related
neurological disease has previously been presented (24).

Figure 1 presents autoimmune cases diagnosed over time.
Compared to the number of cases pre-2014 there is an increase
of identified cases across all subtypes, most notably with the 18
cases of anti-NMDA-receptor encephalitis diagnosed during the
2017 to 2019 period.

Demographic data and past medical history of each
autoimmune encephalitis subgroup is presented in Table 1.
Across all subtypes there was a wide age at onset distribution
(16–79 years old). Anti-NMDA-receptor encephalitis cases
showed both a lower mean (35.25 years) and median (28 years)
age of onset when compared to the other subtypes. There was
a female to male predominance in the anti-NMDA-receptor
encephalitis (55.5% female) and anti-glycine-receptor groups
(78.6% female).

Prior brain injury was present in <15% of cases across
the most represented subgroups. A pre-existing autoimmune

FIGURE 1 | Distribution by time period of diagnosed cases in Queensland of autoimmune encephalitis by antibody subtype.
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TABLE 1 | Demographic and past medical history of autoimmune encephalitis cases by antigenic target.

NMDA-R Glycine-R LGi1 Caspr2 DPPX GABABR IgLON5 GFAP SOX1

Number of cases 28 14 8 2 1 3 1 1 2

Age of onset range (years) 16–78 20–79 46–69 28–63 45–50 52–71 70–75 35–40 35–56

Mean age of onset (years) 35.25 44.1 58.25 59.5 N/A 63 N/A N/A 45.5

Median age of onset (years) 28 42.7 57 59.5 N/A 66 N/A N/A 45.5

Male: female ratio 10 to 18 3 to 11 5 to 3 1 to 1 N/A 1 to 2 N/A N/A 2 to 0

Prior brain injury 4/28

(14.3%)

2/14

(14.3%)

1/8

(12.5%)

0/2

(0.0%)

0/1

(0.0%)

0/3

(0.0%)

0/1

(0.0%)

0/1

(0.0%)

0/2

(0.0%)

Pre-existing autoimmune condition 6/28

(21.4%)

1/14

(7.1%)

0/8

(0.0%)

0/2

(0.0%)

0/1

(0.0%)

0/3

(0.0%)

0/1

(0.0%)

0/1

(0.0%)

1/2

(50.0%)

Prior psychiatric history 10/28

(35.7%)

2/14

(14.3%)

2/8

(25.0%)

0/2

(0.0%)

0/1

(0.0%)

0/3

(0.0%)

0/1

(0.0%)

0/1

(0.0%)

1/2

(50.0%)

Ovarian teratoma 5/28

(17.9%)

1/14

(7.1%)

0/8

(0.0%)

0/2

(0.0%)

0/1

(0.0%)

0/3

(0.0%)

0/1

(0.0%)

0/1

(0.0%)

0/2

(0.0%)

Other pre-existing malignancy 0/28

(0.0%)

2/14

(14.3%)

0/8

(0.0%)

1/2

(50.0%)

0/1

(0.0%)

3/3

(100%)

0/1

(0.0%)

0/1

(0.0%)

0/2

(0.0%)

condition was found in 21.4% of cases with anti-NMDA-
receptor encephalitis. These conditions included Coeliac Disease,
Autoimmune Spondyloarthritis, Type One Diabetes Mellitus,
Vitiligo, Crohn’s Disease, andHashimoto’s Thyroiditis. There was
a higher percentage of past history of a psychiatric condition in
the anti-NMDA-receptor encephalitis group than in the other
groups (35.7%).

Ovarian teratoma was most common in the anti-NMDA-
receptor antibody encephalitis and was found in 17.9% of cases.
The three cases with anti- GABABR encephalitis all had comorbid
small cell lung cancer.

Prodromal symptoms (flu-like illness, insomnia/sleep
disturbance, fever, headache, weight loss/appetite change
and cognitive symptoms) were present in all autoimmune
encephalitis subtypes aside from anti-GABABR encephalitis.
Figure 2 illustrates the percentage of cases experiencing each
prodromal symptom from the most common autoimmune
encephalitis subgroups in this cohort study. Anti-NMDA-
receptor encephalitis cases experienced cognitive change, sleep
disturbance, headache and appetite change in 20% or more
of cases. The glycine subgroup developed fever and flu-like
symptoms in more than 20% of cases. In the anti-Caspr2 cases,
50% had at least one of the six prodromal symptoms. The
anti-DDPX case only had prodromal appetite change. The anti-
IgLON5 case developed a flu-like illness, dysphagia and sleep
disturbance likely representing parasomnia. The anti-GFAP
case had three prodromal symptoms (flu-like illness, sleep
disturbance, and fever). In the anti-SOX1 encephalitis cases, 50%
experienced flu-like illness and fever.

There was a wide range of presenting symptoms across the
Queensland autoimmune encephalitis cohort as illustrated in
Figure 3. Psychiatric symptoms (64.3%) followed by seizure
(17.9%) were the most common presenting symptom of
anti-NMDA-receptor encephalitis cases. Anti-glycine-receptor
associated disorder cases most commonly presented with seizure
(57.1%) and Progressive Encephalomyelitis with Rigidity and
Myoclonus (PERM) (21.4%). Psychiatric symptoms, seizure,

cognitive symptoms and encephalopathy were common
presentations across the anti-LGi1, anti-Caspr2, anti-GABABR
and anti-SOX1 subgroups. Unique presenting symptoms of
gastrointestinal dysfunction, dysphagia and ataxia were seen
in the cases with antibodies against DPPX, IgLON5, and
GFAP, respectively.

Table 2 illustrates symptoms experienced by patients
across their entire clinical course. In the anti-NMDA-receptor
encephalitis group more than 35% of cases experienced cognitive
impairment, mood disorder, auditory hallucinations, delusional
thoughts and/or seizure. Within that same cohort there were
additionally more than 15% of cases that displayed symptoms of
visual hallucination, speech disturbance, weakness, autonomic
dysfunction, and/or movement disorder.

Autoimmune encephalitis patients were at risk of requiring
intensive care unit (ICU) admission. ICU admission was required
in 25% of anti-NMDA-receptor encephalitis cases with an average
duration of stay of 74 days. Other autoimmune encephalitis
subgroups also required ICU admission including anti-glycine-
receptor (35.7% ICU admissions with average stay 11.2 days) and
anti-LGi1encephalitis (12.5% ICU admissions with average stay
5 days). The cases of anti-IgLON5 encephalitis and anti-GFAP
encephalitis both required ICU admission.

Investigation results are summarized in Table 3. Aside from
the anti-glycine-receptor related disorders more than 96% of
cases in the cohort series had antibody testing performed
in both serum and CSF. There were 98.3% of cases with
a positive antibody in serum. Many of the autoimmune
encephalitis subgroups (anti-DPPX, anti-GABABR anti-IgLON5,
anti-GFAP, and anti-SOX1) had an antibody present in both
serum and CSF in 100% of cases. The anti-NMDA-receptor
antibody encephalitis group had one case with antibody
positive in CSF but not serum and three cases where the
antibody was positive in serum but not CSF. However,
two of these three cases had delayed CSF collection of
more than 6 weeks after serum collection. Additionally, both
cases were administered immunotherapy after the positive
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FIGURE 2 | Percentage of cases who experienced prodromal symptoms by autoimmune encephalitis subtype.

FIGURE 3 | Autoimmune encephalitis subgroups by presenting symptom (expressed as percentage of cases).
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TABLE 2 | Symptoms present during disease course of autoimmune encephalitis cases by antigenic target.

NMDA-R Glycine-R LGi1 Caspr2 DPPX GABABR IgLON5 GFAP SOX1

Cognitive impairment 25/28

(89.3%)

6/14

(42.9%)

5/8

(62.5%)

2/2

(100.0%)

1/1

(100.0%)

3/3

(100.0%)

0/1

(0.0%)

1/1

(100.0%)

2/2

(100.0%)

Mood disorder

(elevated or depressed)

13/28

(46.4%)

2/14

(14.3%)

1/8

(12.5%)

1/2

(50.0%)

1/1

(100.0%)

1/3

(33.3%)

0/1

(0.0%)

0/1

(0.0%)

2/2

(100.0%)

Visual hallucination 9/28

(32.1%)

0/14

(0.0%)

0/8

(0.0%)

1/2

(50.0%)

1/1

(100.0%)

0/3

(0.0%)

0/1

(0.0%)

0/1

(0.0%)

0/2

(0.0%)

Auditory hallucination 11/28

(39.3%)

0/14

(0.0%)

1/8

(12.5%)

1/2

(50.0%)

0/1

(0.0%)

0/3

(0.0%)

0/1

(0.0%)

0/1

(0.0%)

1/2

(50.0%)

Delusional thoughts 15/28

(53.6%)

0/14

(0.0%)

1/8

(12.5%)

1/2

(50.0%)

1/1

(100.0%)

0/3

(0.0%)

0/1

(0.0%)

0/1

(0.0%)

1/2

(50.0%)

Seizure/s 17/28

(60.7%)

9/14

(64.3%)

6/8

(75.0%)

1/2

(50.0%)

1/1

(100.0%)

3/3

(100.0%)

0/1

(0.0%)

0/1

(0.0%)

1/2

(50.0%)

Status epilepticus 4/28

(14.3%)

4/14

(28.6%)

1/8

(12.5%)

0/2

(0.0%)

0/1

(0.0%)

0/3

(0.0%)

0/1

(0.0%)

0/1

(0.0%)

0/2

(0.0%)

Speech disturbance 5/28

(17.9%)

2/14

(14.3%)

0/8

(0.0%)

1/2

(50.0%)

0/1

(0.0%)

0/3

(0.0%)

1/1

(100.0%)

1/1

(100.0%)

0/2

(0.0%)

Weakness (including respiratory

muscle weakness)

7/28

(25.0%)

1/14

(7.1%)

1/8

(12.5%)

1/2

(50.0%)

0/1

(0.0%)

1/3

(33.3%)

1/1

(100.0%)

1/1

(100.0%)

0/2

(0.0%)

Autonomic dysfunction 8/28

(28.6%)

1/14

(7.1%)

0/8

(0.0%)

2/2

(100.0%)

0/1

(0.0%)

1/3

(33.3%)

1/1

(100.0%)

1/1

(100.0%)

0/2

(0.0%)

Ataxia 4/28

(14.3%)

1/14

(7.1%)

0/8

(0.0%)

2/2

(100.0%)

0/1

(0.0%)

0/3

(0.0%)

0/1

(0.0%)

1/1

(100.0%)

0/2

(0.0%)

Movement disorder 7/28

(25.0%)

3/14

(21.4%)

1/8

(12.5%)

1/2

(50.0%)

0/1

(0.0%)

0/3

(0.0%)

0/1

(0.0%)

0/1

(0.0%)

0/2

(0.0%)

Altered sensation 2/28

(7.1%)

0/14

(0.0%)

0/8

(0.0%)

0/2

(0.0%)

0/1

(0.0%)

0/3

(0.0%)

0/1

(0.0%)

0/1

(0.0%)

1/2

(50.0%)

Oculomotor disturbance 3/28

(10.7%)

1/14

(7.1%)

0/8

(0.0%)

0/2

(0.0%)

0/1

(0.0%)

0/3

(0.0%)

0/1

(0.0%)

0/1

(0.0%)

1/2

(50.0%)

Cases requiring ICU admission

(average duration days)

7/28

(25.0%)

(74)

5/14

(35.7%)

(11.2)

1/8

(12.5%)

(5)

0/2

(0.0%)

0/1

(0.0%)

0/3

(0.0%)

1/1

(100.0%)

(N/A)

1/1

(100.0%)

(21)

0/2

(0.0%)

serum anti-NMDA-receptor antibody result but before CSF
was collected.

The Anti-NMDA-receptor encephalitis group had abnormal
magnetic resonance imaging (MRI) in 17.9% of cases. There
were only four total cases with MRI findings of increased
T2/FLAIR signal or contrast enhancement with most of these
abnormal findings in the temporal or frontal lobes. The rate of
abnormal MRI scans was higher in other subgroups including
anti-glycine, anti-LGi1, anti-Caspr2, and anti-SOX1. Positron
emission tomography (PET) was performed in 14.3% of anti-
NMDA-receptor encephalitis cases with only one abnormal result
which was relatively reducedmetabolismwithin almost the whole
brain. PET scans performed on individual cases of anti-Caspr2
antibody encephalitis and anti-GABA-B antibody encephalitis
were reported as within normal limits.

Electroencephalogram (EEG) results were abnormal in 50%
or more of anti-NMDA-receptor, anti-glycine, anti-LGi1, anti-
Caspr2, anti-GABABR, anti-GFAP, and anti-SOX1 cases. These
results most commonly represented generalized or focal slowing.
Table 3 shows the percentage of cases with a recorded seizure
or epileptiform activity on the EEG. Epileptiform discharges

(42.9%) and EEG recorded seizure/s (28.6%) were most common
in the anti-glycine-receptor antibody group.

Immune therapy was administered in fifty-six cases (90.3%)
of autoimmune encephalitis in this cohort. Figure 4 shows
the different immunotherapies utilized in each autoimmune
encephalitis subgroup. Intravenous immunoglobulin (IVIG),
high dose steroid therapy (intravenous methylprednisolone),
and rituximab were the most utilized therapies. All anti-
NMDA-receptor encephalitis cases received IVIG, high dose
steroids or plasma exchange as first line therapy, with
sixteen cases receiving a combination of these agents. There
were 71.4% of anti-NMDA-receptor encephalitis patients who
received rituximab and 14.3% who received intravenous pulse
cyclophosphamide. The anti-Caspr2, anti-DPPX, anti-IgLON5,
and anti-GFAP cases all received both IVIG and rituximab.
Resection of an identified ovarian teratoma occurred in 17.9%
of cases with anti-NMDA-receptor encephalitis and in one
case with a positive anti-glycine-receptor antibody. Additionally,
four cases in the anti-glycine-receptor antibody subgroup
did not receive immune therapy due to management with
other treatments such as anti-epileptics. All patients with
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TABLE 3 | Summary investigation results of autoimmune encephalitis cases by antigenic target.

NMDA-R Glycine-R LGi1 Caspr2 DPPX GABABR IgLON5 GFAP SOX1

Antibody present in serum 27/28

(96.4%)

14/14

(100.0%)

8/8

(100.0%)

2/2

(100.0%)

1/1

(100.0%)

3/3

(100.0%)

1/1

(100.0%)

1/1

(100.0%)

2/2

(100.0%)

Antibody present in CSF 25/28

(89.3%)

1/3

(only 3 CSF samples

tested for Ab)

5/8

(62.5%)

1/2

(50.0%)

1/1

(100.0%)

3/3

(100.0%)

1/1

(100.0%)

1/1

(100.0%)

2/2

(100.0%)

Cases with CSF elevated protein

(range mg/L)

8/28

(28.6%)

(200–1,220)

1/14

(7.1%)

(200–500)

2/8

(25.0%)

(230–700)

1/2

(50.0%)

(270–2,600)

0/1

(0.0%)

(350)

0/3

(0.0%)

(190–400)

1/1

(100.0%)

(850)

1/1

(100.0%)

(1000)

2/2

(100.0%)

(640–2,400)

Cases with CSF elevated WCC

(range 106/L)

8/28

(28.6%)

(<1–840)

2/14

(14.3%)

(<1–44)

1/8

(12.5%)

(<1–16)

1/2

(50.0%)

(<1–2,600)

1/1

(100.0%)

(15)

3/3

(100.0%)

(6–16)

0/1

(0.0%)

(<1)

0/1

(0.0%)

(1)

1/2

(50.0%)

(1–114)

Cases with CSF unavailable 1/28

(3.6%)

5/14

(35.7%)

0/8

(0.0%)

0/2

(0.0%)

0/1

(0.0%)

0/3

(0.0%)

0/1

(0.0%)

0/1

(0.0%)

0/2

(0.0%)

Cases with abnormal brain MRI

findings

5/28

(17.9%)

6/14

(42.9%)

4/8

(50.0%)

0/2

(0.0%)

0/1

(0.0%)

1/3

(33.3%)

0/1

(0.0%)

0/1

(0.0%)

2/2

(100.0%)

Cases with a FDG-PET scan

performed of the brain

4/28

(14.3%)

0/14

(0.0%)

0/8

(0.0%)

1/2

(50.0%)

0/1

(0.0%)

1/3

(33.3%)

0/1

(0.0%)

0/1

(0.0%)

0/2

(0.0%)

Cases with an abnormal

FDG-PET scan of the brain

1/28

(3.6%)

0/14

(0.0%)

0/8

(0.0%)

0/2

(0.0%)

0/1

(0.0%)

0/3

(0.0%)

0/1

(0.0%)

0/1

(0.0%)

0/2

(0.0%)

Cases with abnormal EEG 18/28

(64.3%)

8/14

(57.1%)

4/8

(50.0%)

2/2

(100.0%)

0/1

(0.0%)

2/3

(66.7%)

0/1

(0.0%)

1/1

(100.0%)

1/2

(50.0%)

Cases with seizure recorded on

EEG

1/28

(3.6%)

4/14

(28.6%)

1/8

(12.5%)

0/2

(0.0%)

0/1

(0.0%)

0/3

(0.0%)

0/1

(0.0%)

0/1

(0.0%)

0/2

(0.0%)

Cases with epileptiform changes

on EEG

4/28

(14.3%)

6/14

(42.9%)

2/8

(25.0%)

0/2

(0.0%)

0/1

(0.0%)

1/3

(33.3%)

0/1

(0.0%)

0/1

(0.0%)

1/2

(50.0%)

FIGURE 4 | Percentage of autoimmune encephalitis cases receiving immunotherapy.

anti-GABABR encephalitis received chemotherapy for their
underlying small cell lung cancer.

There was documented response to immune therapy in 71.4%
of cases in the anti-NMDA-receptor encephalitis subgroup,

71.4% in the anti-glycine-receptor subgroup and 87.5% in the
anti-LGi1 subgroup. One of the SOX1 cases and each of the
anti-Caspr2, anti-DPPX, anti-IgLON5, anti-GFAP, and GABABR
cases responded to immune therapy.
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Autoimmune encephalitis cases within the cohort study
experienced significant morbidity often with prolonged
admissions. The mean number of days till discharge in the
anti-NMDA-receptor encephalitis group was 73.96 days. Mean
and median times to discharge across the cohort are given in
Table 4.

The modified rankin scale (mRS) (29) was used to assess
premorbid status, status at the most severely impaired stage
of the disease course and the status at last follow-up. The
average follow-up was >12 months across the cohort. The
average mRS showed that there was little disability at baseline
across all subgroups. At maximal impairment the anti-NMDA-
receptor cohort group had an average mRS of 3.78 representing
moderate to moderately-severe disability. The anti-LGi1 and
anti-glycine subgroups were similar to the anti-NMDA-receptor
group. The anti-SOX1 cases showed the lowest average disability
at maximum disease severity (mRS 2.5). The anti-Caspr2, anti-
DPPX, anti-IgLON5, and anti-GFAP cases were on average more
severely affected at maximal disease severity when compared to
the anti-NMDA-receptor group.

Most patients in the cohort improved but continued to
experience symptoms. The average final mRS in the anti-NMDA-
receptor encephalitis group was 1.07 with a final mRS range
across the cohort of 0.75 to 3. There was one death recorded,
in a patient with anti-glycine-receptor antibody related disease
(PERM), due to disease progression.

DISCUSSION

This cohort study adds to the growing body of literature
describing autoimmune encephalitis, detailing a state-based
Australian experience. It establishes that there are a significant
number of cases (sixty) of autoimmune encephalitis diagnosed
and managed through Queensland public hospitals, of which
Anti-NMDA-receptor encephalitis was the most common
subtype. Represented in smaller but still significant numbers

were other subgroups of autoimmune encephalitis with other
antigenic targets including glycine receptor, LGi1, Caspr2, DPPX,
GABA-B, IgLON5, GFAP, and SOX1. Also illustrated in this
cohort is the rapid growth in the number of cases diagnosed, most
prominently seen in the anti-NMDA-receptor encephalitis group
in the period 2017 to 2019. This growth is likely representative
of improved awareness of autoimmune encephalitis, increased
local availability of anti-NMDA-receptor antibody testing, and
the evolution and more widespread usage of screening guidelines
for mental health and epilepsy presentations such as the
recommendation for autoimmune encephalitis screening in
selected psychosis cases in Queensland since 2016.

When first described, anti-NMDA-receptor encephalitis was

predominantly a disorder of young females with a high
percentage of cases with an ovarian teratoma (1, 20, 30). The

female predominance, younger age of onset, and association with
teratoma is present in this cohort. However, the overall cohort of
anti-NMDA-receptor encephalitis also demonstrates a growing
male representation (45%) and that 90% of cases did not have an
associated teratoma or other malignancy.

The wide range and heterogeneous nature of the symptoms
displayed at presentation and across the disease course
demonstrates that the Queensland autoimmune encephalitis
cohort comprises a complex and medically challenging group.
Investigations such as MRI, EEG, and less commonly PET scans
are largely either normal or non-specific and illustrate the lack
of a defining biomarker as referenced in the 2016 consensus
diagnostic criteria (31).

Analyzing cases of autoimmune encephalitis from across
an entire state/service district makes this dataset distinct
from recent studies analyzing experience at a single center
(21, 22), and prior larger studies where cases were recruited
through referrals from multiple health districts to a reference
laboratory (22). This regional approach included cases that
may come from non-tertiary centers, psychiatry and oncology
services. When compared to recent single center studies, our

TABLE 4 | Summary of treatment and outcome results of autoimmune encephalitis cases by antigenic target.

NMDA-R Glycine-R LGi1 Caspr2 DPPX GABABR IgLON5 GFAP SOX1

Average time to discharge

(mean days)

74 20.78 36.5 112.5 233 16 165 74 6

Average time to discharge

(median days)

28 9 23 112.5 233 17 165 74 6

Cases with full recovery 5/28

(17.9%)

6/14

(42.9%)

3/8

(37.5%)

0/2

(0.0%)

0/1

(0.0%)

0/3

(0.0%)

0/1

(0.0%)

0/1

(0.0%)

1/2

(50.0%)

Cases with partial recovery 22/28

(78.6%)

3/14

(21.4%)

5/8

(62.5%)

2/2

(100.0%)

1/1

(100.0%)

3/3

(100.0%)

1/1

(100.0%)

1/1

(100.0%)

1/2

(50.0%)

Cases with no recovery 1/28

(3.6%)

5/14

(35.7%)

0/8

(0.0%)

0/2

(0.0%)

0/1

(0.0%)

0/3

(0.0%)

0/1

(0.0%)

0/1

(0.0%)

0/2

(0.0%)

Deaths 0/30

(0.0%)

1/14

(7.1%)

0/8

(0.0%)

0/2

(0.0%)

0/1

(0.0%)

0/3

(0.0%)

0/1

(0.0%)

0/1

(0.0%)

0/2

(0.0%)

Average baseline mRS score 0.19 0.21 0 0 0 0.33 1 0 0

Average maximum mRS score 3.78 6 3.65 5 5 3 5 5 2.5

Average final mRS score

(at last follow-up)

1.07 1.28 0.75 2 1 1.33 3 2 1
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Queensland dataset shows similar outcome mRS for the anti-
NMDA-receptor subgroup (21), a comparable utilization of
multiple immune therapies (22), a high proportion of cases with
psychiatric symptoms (22) and a similar low mortality when
compared with larger referral cohorts (20). Our cohort also
correlates with recent evidence regarding the high morbidity and
significant health care resources required tomanage patients with
autoimmune encephalitis (23). This is illustrated in this cohort
by prolonged hospital admissions (which often require additional
ICU admission), the need for combination immunotherapy and
multiple investigations such as MRI, EEG, and PET.

The limitations of this study are the retrospective nature
and relatively small number of cases available for analysis.
This is inherent when studying a rare disorder in a defined
geographic area such as Queensland, Australia. There was one
case where atypically the anti-NMDA-receptor antibody was
present in serum but not CSF where this was not accounted
for by CSF testing delay and treatment prior to CSF antibody
testing. This patient presented with psychiatric symptoms
and responded to immune therapy. Although atypical, cases
presenting with psychiatric symptoms have previously been
reported with positive serum ant-NMDA-receptor antibody
studies but negative CSF antibody studies (32).

With regard to management and clinical outcomes,
combination immunotherapy appears to be effective, but
the documented improvement does not correlate with short
hospital admissions. This is contributed to by the severe nature
of autoimmune encephalitis as evidenced by the maximal
mRS scores ranging from 2.5 to 6 and the average score in the
anti-NMDA-receptor encephalitis group of 3.78. The clinical
improvement displayed across this cohort at last follow-up
is encouraging, but demonstrates that patients are often left
with ongoing symptoms and in many cases mild disability as
evidenced by an average mRS score at last follow-up of >0.75
across all groups.

CONCLUSION

In conclusion, autoimmune encephalitis in Queensland is an
increasingly common disorder with a rapid recent escalation in
the number of diagnosed cases. The diagnosis of these conditions
continues to be highly dependent on the availability of specialized
autoantibody testing.

The 60 cases of autoimmune encephalitis represented in this
study are small when compared to more prevalent neurological
disorders such as stroke or migraine. However, these cases are

significant as autoimmune encephalitis presented with a complex
interplay of heterogeneous symptoms, lacked clear neuroimaging
findings and was associated with high morbidity and significant
health care system burden.

What is currently not known is whether this increased case
detection of autoimmune encephalitis will now plateau, as the
majority of cases are now being identified. The alternative is
that the growth demonstrated in this cohort study will continue
with further advances in understanding of this disorder. These
advances may come via more effective implementation of testing
criteria, better identification of potential cases or the emergence
of groups of patients where autoimmune encephalitis accounts
for a percentage of presentations.
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Background: Neuromyelitis optica spectrum disorder (NMOSD) is a relapsing

autoimmune-related neurological disorder of the central nervous system. Most patients

with NMOSD have serum anti-aquaporin-4 immunoglobulin G antibodies (AQP4-IgG). In

addition to optic neuritis and myelitis, other insidious symptoms such as depressive state

and chronic fatigue in NMOSD are gradually being recognized.

Methods: To elucidate the impact of low- to medium-dose oral prednisolone (PSL) as a

relapse prevention therapy for psychiatric disturbances and chronic fatigue in NMOSD,

we evaluated clinical data from 39 patients with AQP4-IgG-positive NMOSD, along with

the details of present and cumulative oral PSL dosage.

Results: Thirty-six of the 39 patients were treated with low- to medium-dose oral

PSL, and the mean and standard deviation of the present daily dose of oral PSL

were 7.9 ± 4.0 mg/day. None of the patients were treated with a daily PSL dose of

>15mg. As a result, the disease duration and the untreated period before starting

oral PSL showed weak to moderate correlations with the subsequent severities of

psychiatric disturbance and fatigue level. Meanwhile, none of the other treatment-related

variables evaluated, such as the present oral PSL daily dose, cumulative PSL dose,

months of oral PSL administration, previous courses of steroid pulse therapy, and

coadministered immunosuppressants, were correlated with these insidious symptoms.
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Conclusion: Our results suggest that the use of long-term low- to medium-dose

oral PSL ≤15mg daily for relapse prevention in AQP4-IgG-positive NMOSD would not

aggravate the psychiatric and fatigue conditions. On the contrary, early initiation of oral

PSL for relapse prevention, together with significantly decreased relapse rate, alleviated

the subsequent depressive state and fatigue from the disease.

Keywords: anti-aquaporin-4 antibodies, depression, fatigue, neuromyelitis optica spectrum disorders, oral

prednisolone, psychiatric disturbances

INTRODUCTION

Neuromyelitis optica spectrum disorder (NMOSD) is a relapsing
autoimmune-related neurological disorder in the central nervous
system. Most of the patients with NMOSD have serum
anti-aquaporin-4 immunoglobulin G antibodies (AQP4-IgG)
(1–3). Patients with NMOSD typically present with symptoms
based on relapsing attacks with optic neuritis and myelitis.
However, it has come to be known that many patients are
also accompanied by several intractable insidious symptoms
such as depressive states and chronic fatigue, which are not
always related to the level of neurological disability (4–8).
These insidious symptoms have been known to significantly
impair the quality of life (QOL) of patients, but their exact
causes and mechanisms have not yet been identified (4).
Patients with NMOSD have been conventionally treated by
oral administration of single or combined immunosuppressants,
such as azathioprine, tacrolimus, mycophenolate mofetil, or
prednisolone (PSL), to prevent relapses (9–12). Although long-
term administration of low- to medium-dose oral PSL is not
a global standard of care to prevent relapses, it is considered
to be effective for suppressing relapses in NMOSD as with
other preventive therapies (13, 14). Recently, in addition to
these conventional oral relapse prevention therapies, several
highly efficacious parenteral monoclonal antibodies, such as
rituximab, eculizumab, satralizumab, and inebilizumab, have
emerged as other promising therapeutic options (15–17).
Relapse prevention with these preventive therapies is essential
in NMOSD as the neurological disability in the disorder is
known to have a sudden occurrence with stepwise development
of irreversible neurological symptoms (18–20). Furthermore,
relapse prevention therapy in NMOSD is usually needed to be
continued for a long period of time because relapses may take
place even more than several decades after the previous attack
(21). As a result, the long-term tolerability of the aforementioned
therapies is an important aspect to be considered when selecting
the best therapeutic plan for each patient. To date, the safety and
effectiveness of these therapies on the aforementioned insidious
symptoms (i.e., psychiatric conditions and chronic fatigue) in
NMOSD have not been studied. In particular, the long-term
administration of high-dose oral PSL (typically≥20mg daily) has
been known to cause psychiatric side effects in nearly half of the
patients, although they are usually reversible (22–24). Thus, there
is a need for patients and clinicians to elucidate the safety of long-
term administration of low- to medium-dose oral PSL <20mg
daily from the viewpoint of psychiatric side effects. Therefore,

we retrospectively studied the correlations between the history
of relapse prevention therapies, mostly with oral PSL in this
study, and the above-described insidious symptoms in AQP4-
IgG-positive NMOSD, to identify the impact of low- to medium-
dose oral PSL on the depressive state and chronic fatigue in
patients with the disease.

METHODS AND MATERIALS

Study Design
We retrospectively collected clinical information from 39
consecutive patients with AQP4-IgG-positive NMOSD who
were treated at the outpatient center of Tohoku University
Hospital and agreed to participate in this study. All patients
who were asked to participate in this study agreed to cooperate.
The positivity of serum AQP4-IgG was checked by the
microscopic live cell-based assay method using human M23-
AQP4-expressing HEK293 cells, as previously done (25, 26).
The patients were cross-sectionally studied for the severity of
depression and fatigue between June and September in a single
year. Depressive state was measured using the self-reported
Quick Inventory of Depressive Symptomatology (QIDS-SR), and
fatigue level was measured using the 14-item Chalder Fatigue
Scale (CFS). Patients took the self-report sheets to their homes
and submitted the filled sheets at the next hospital visit 1–2
months later.

Evaluated Variables
QIDS-SR is a scale for assessing the psychiatric depressive state
in the last 7 days, which comprises nine self-reported questions
with scores of 0–3 for each (i.e., scores of 0–27 in total). Higher
scores indicated the higher likelihood of patients experiencing
depression. Those with QIDS-SR scores ≥6/27 were considered
to have depressive symptoms. In this study, all 39 patients
answered all nine questionnaires.

CFS is a scale for assessing the chronic fatigue state,
comprising 14 questions with scores of 1–4 for each (i.e., scores
of 14–56 in total) (27). Higher scores indicated that the patient
was more likely to experience chronic fatigue. Those with CFS
scores ≥26/56 were considered to have chronic fatigue. In this
study, one patient failed to respond to one of the 14 items of the
CFS, and the score was not valid for the subsequent assessment.
Consequently, valid CFS data were obtained from 38 of the
39 patients.

To study the possible effects of relapse prevention therapies
on these insidious symptoms, we also collected the following
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treatment-related information at the time of assessment: duration
of the oral PSL administration (in months), the present
oral PSL dosage (mg/day), the cumulative total amount of
previously administered oral PSL (mg), total number of
previously administered steroid pulse therapy (times), and the
existence of other co-administered immunosuppressants such as
azathioprine or eculizumab. All these treatment-related variables
were evaluated for correlation with each of the studied insidious
symptoms (i.e., depressive state and fatigue). Furthermore, the
following baseline data of these 39 patients were also studied:
age, sex, body weight, disease duration, previous numbers of
attacks, Kurtzke Expanded Disability Status Scale score, level
of gait disturbance, and the number of eyes (0–2) with legal
blindness (i.e., decimal corrected visual acuity <0.1). The level of
gait disturbance was categorized into the following five levels: 0
(none), 1 (mild; no disturbance in daily living), 2 (moderate; can
walk but having disturbance in daily living), 3 (severe; wheelchair
bound), and 4 (bedridden). As several typical cerebral lesions
may accompany in nearly half of the patients with NMOSD
(28–30), the presence of cerebral T2/FLAIR high-intensity lesions
in the brain MRI at the time of assessment was also evaluated.

Statistical Analysis
As for the descriptive statistics of the demographic and
clinical data of the enrolled patients, quantitative variables
with supposedly normal distribution were described with the
mean and standard deviation (SD). Quantitative variables
with non-normal distribution were described with median
and interquartile range (IQR; 25–75 percentiles). Spearman’s
correlation coefficient (Spearman’s rho) was calculated between
the insidious symptoms and the studied treatment-related
variables. P < 0.05 were considered statistically significant.
The statistical analyses in this study were performed using
SPSS Statistics Base 22 software (IBM) and MATLAB
R2015a (MathWorks).

Ethics
This study was approved by the Institutional Review Board of the
Tohoku University School of Medicine and Tohoku University
Hospital. This research was conducted in accordance with the
Helsinki Declaration as revised in 2013. Each patient provided
written informed consent before participating in this study.

RESULTS

Patient Backgrounds
Demographic and clinical features of the enrolled 39 patients are
listed in Table 1. As for the distributions of the QIDS-SR and
CFS, no fewer than 23 (59.0%) of the 39 patients showed more
than a weak depressive state (i.e., QIDS-SR ≥ 6/27), whereas 29
(76.3%) of the 38 patients with valid CFS data showed abnormally
high CFS scores (i.e., CFS≥ 26/56). Ten of the 39 patients (25.6%)
were co-administered immunosuppressants (9 with azathioprine
and 1 with eculizumab) other than oral PSL. Three of the 39
patients were not treated with any relapse prevention therapies
during the assessment period because they decided against using
any of the treatments even with relapsing clinical courses, after

TABLE 1 | Demographic and clinical features of the enrolled 39 patients with

AQP4-IgG-positive NMOSD.

Variables Data in the total enrolled

patients (n = 39)

Male: Female 0: 39

Age at assessment* 51.5 ± 13.5 years

Disease duration at assessment† 9.0 (5.0–15.5) years

Previous times of relapses at

assessment†
3.0 (1.0–5.0) times

EDSS score at assessment† 4.5 (2.5–6.0)

Number of eyes with legal blindness† 1.0 (0.0–2.0) eyes

PSL daily dose at assessment* 7.90 ± 4.01 mg/day

PSL daily dose adjusted by body

weight*

0.151 ± 0.083 mg/kg/day

Cumulative total administered oral

PSL†
17,155 (10,585–26,463) mg

Total cycles of previous steroid pulse

therapy†
2.0 (1.0–3.5) cycles

Cycles of steroid pulse therapy before

starting long-term oral PSL†
0.0 (0.0–1.5) cycles

Co-administered

immunosuppressants

n = 10 (25.6%)

QIDS-SR score† 6 (4–11)

CFS score† 32 (27–37)

CFS, Chalder Fatigue Scale; EDSS, Kurtzke Expanded Disability Status Scale; PSL,

prednisolone; QIDS-SR, self-reported Quick Inventory of Depressive Symptomatology.
*Mean and standard deviation.
†
Median and interquartile range (25–75 percentiles).

being well-explained and understanding the risk of not using the
therapies. The mean ± SD of the body weight was 55.6 ± 9.1 kg,
and the oral PSL daily dose adjusted by body weight was 0.151±
0.083 mg/kg/day.

Factors That Affected Depression and

Fatigue
The correlation matrix between the evaluated insidious
symptoms and treatment-related variables in the enrolled 39
patients is summarized in Table 2. As shown in the table,
the disease duration affected the depressive state and fatigue,
whereas relapse times or the level of neurological disturbances
had no effect on the same. As for the evaluated treatment-related
variables, only the length of the untreated period before starting
oral PSL showed significant correlation with the evaluated
insidious symptoms, but other variables (i.e., duration of oral PSL
administration, present PSL daily dose, cumulative total amount
of oral PSL administration, total cycles of previously performed
steroid pulse therapy before the assessment, cycles of steroid
pulse therapy before starting oral PSL for relapse prevention, and
co-administered immunosuppressants) showed no significant
correlation. The scattered plots between the treatment-related
variables and the evaluated insidious symptoms are shown
in Figure 1. From the figure, we can visually confirm that
administration of low- to medium-dose oral PSL did not make
the subsequent depressive state or fatigue deteriorate in the
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TABLE 2 | Correlation matrix between the studied symptoms and concurrent other variables in total cohort (n = 39).

Depressive state (QIDS-SR) Chronic fatigue (CFS)

rho p rho p

Concurrent clinical and demographic data

Present age −0.006 0.974 −0.101 0.548

Disease duration [years] +0.349 0.029 +0.419 0.009

Previous total times of relapses +0.259 0.111 +0.206 0.215

EDSS score +0.093 0.573 +0.033 0.846

Cerebral lesion −0.033 0.844 −0.022 0.897

Level of gait disturbance +0.204 0.213 +0.171 0.304

Number of eyes with legal blindness −0.059 0.723 −0.032 0.850

Treatment-related variables

Untreated period before starting oral PSL [years] +0.384 0.016 +0.420 0.009

Duration of oral PSL [years] +0.064 0.699 +0.085 0.614

Ratio of untreated / treated periods +0.339 0.035 +0.353 0.030

Present oral PSL daily dose [mg/day] −0.058 0.725 +0.029 0.861

Present oral PSL daily dose adjusted by body weight [mg/kg/day] −0.140 0.409 −0.052 0.764

Cumulative amount of oral PSL [mg] +0.097 0.557 +0.164 0.327

Total cycles of steroid pulse therapy before the assessment +0.184 0.262 +0.092 0.584

Cycles of steroid pulse therapy before starting long-term oral PSL +0.202 0.217 +0.179 0.281

Non-steroidal immunosuppressants [Yes/No] +0.134 0.418 +0.027 0.871

The values of Spearman’s rho between the insidious symptoms and treatment-related variables are listed. As shown, none of the evaluated treatment-related variables, except for the

duration of the untreated period before starting oral PSL, correlates with these insidious symptoms.

CFS, Chalder Fatigue Scale; EDSS, Kurtzke Expanded Disability Status Scale; PSL, prednisolone; QIDS-SR, self-reported Quick Inventory of Depressive Symptomatology.

FIGURE 1 | Scatter plots of the oral prednisolone-related therapeutic variables and the insidious symptoms. The duration of the untreated period shows a positive

correlation with the present scores in QIDS-SR (A) and CFS (B). Meanwhile, none of the present oral prednisolone dosage, duration of prednisolone administration, or

cumulative total amount of oral prednisolone shows a significant correlation with the present depressive state or fatigue level. CFS, Chalder Fatigue Scale; PSL,

prednisolone; QIDS-SR, self-reported Quick Inventory of Depressive Symptomatology.
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FIGURE 2 | Dot plots of QIDS-SR and CFS scores with the duration of the untreated/treated periods. The patients listed were placed in order of the scores of each

self-reported battery. The length of the bars on the left side of each plot represents the duration of the untreated/treated period with relapse prevention therapies in

years. CFS, Chalder Fatigue Scale; QIDS-SR, self-reported Quick Inventory of Depressive Symptomatology.

patients with NMOSD. Alternately, late initiation of relapse
prevention therapy with immunosuppressants may.

To visually check the impact of the untreated period on
the subsequent depressive state and fatigue level, dot plots of
the scores of QIDS-SR and CFS, together with the length of
untreated/treated periods with relapse prevention therapies, are
shown in Figure 2. The length of disease duration and the
untreated period appeared to correlate with the subsequent
depressive state and fatigue level.

Since the disease duration of each patient varied, we also
calculated the ratio of untreated and treated periods with relapse
prevention therapies and checked for its correlation with the
score of QIDS-SR or CFS, but it showed a weaker correlation
with each of the insidious symptoms than the raw value of
untreated years.

Effect From the Combined

Immunosuppressants
To exclude the possible bias from the use of combined
immunosuppressants, the correlations between the insidious
symptoms and treatment-related variables were also calculated
among the 29 patients without the use of immunosuppressants
other than PSL (i.e., azathioprine, eculizumab). The results
of the correlation coefficients (Table 3) show that there is no

significant effect of the present PSL dosage or cumulative PSL
used, on the present depressive or fatigue symptoms even after
excluding the effect of the non-steroidal immunosuppressants.
Moreover, the above-described negative impact of the duration
of the untreated period on the subsequent insidious symptoms
remained significant even after excluding the effect of co-
administered immunosuppressants. Based on these results, the
correlation networks between the clinical data, PSL-related
variables, and evaluated insidious symptoms in the total cohort
(n = 39) and those without non-steroidal immunosuppressants
(n= 29) are shown in Figure 3.

DISCUSSION

Depressive state and chronic fatigue in patients with NMOSD
are distressful conditions that occur frequently but are often
overlooked or insufficiently counteracted. Shi et al. (31)
demonstrated that anxiety, depressive state, neurological
disability, and chronic fatigue significantly impaired the health-
related QOL in NMOSD (31). In another study, Seok et al.
demonstrated that a depressive state affects mental aspects,
whereas chronic fatigue affects physical aspects of QOL (4).
Chavarro et al. (32) showed that about 30% of patients with
NMOSD experienced moderate to severe depressive states,

Frontiers in Neurology | www.frontiersin.org 5 February 2021 | Volume 12 | Article 608149156

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Akaishi et al. Non-Treatment and Depression in NMOSD

TABLE 3 | Correlation matrix among those without non-steroidal immunosuppressants (n = 29).

Depressive state (QIDS-SR) Chronic fatigue (CFS)

rho p rho p

Concurrent clinical and demographic data

Present age +0.001 0.995 −0.187 0.341

Disease duration [years] +0.340 0.072 +0.442 0.019

Previous total times of relapses +0.333 0.078 +0.324 0.093

EDSS score +0.068 0.725 +0.046 0.815

Cerebral lesion −0.041 0.834 −0.007 0.971

Level of gait disturbance +0.102 0.600 +0.063 0.749

Number of eyes with legal blindness +0.059 0.763 +0.072 0.715

Treatment-related variables

Untreated period before starting oral PSL [years] +0.429 0.020 +0.470 0.012

Duration of oral PSL [years] +0.084 0.666 +0.164 0.404

Ratio of untreated / treated periods +0.384 0.040 +0.398 0.036

Present oral PSL daily dose [mg/day] −0.008 0.968 +0.160 0.417

Present oral PSL daily dose adjusted by body weight [mg/kg/day] −0.105 0.602 +0.120 0.558

Cumulative amount of oral PSL [mg] +0.112 0.564 +0.275 0.157

Total cycles of steroid pulse therapy before the assessment +0.258 0.176 +0.202 0.302

Cycles of steroid pulse therapy before starting long-term oral PSL +0.246 0.198 +0.258 0.185

The values of Spearman’s rho between the insidious symptoms and treatment-related variables are listed. As shown, none of the evaluated treatment-related variables, except for the

duration of the untreated period before starting oral PSL, correlates with these insidious symptoms.

CFS, Chalder Fatigue Scale; EDSS, Kurtzke Expanded Disability Status Scale; PSL, prednisolone; QIDS-SR, self-reported Quick Inventory of Depressive Symptomatology.

FIGURE 3 | Correlation networks between clinical data, therapeutic variables, and insidious symptoms. Correlation networks in the total patients (A) and in those

without the use of non-steroidal immunosuppressants as a potential confounder (B) are shown. None of the therapeutic variables, except for the duration of the

untreated period with relapse prevention therapies, show a significant correlation with the evaluated insidious symptoms irrespective of the usage of nonsteroidal

immunosuppressants. CFS, Chalder Fatigue Scale; PSL, prednisolone; QIDS-SR, self-reported Quick Inventory of Depressive Symptomatology.

but only 40% of these patients with depression were properly
and adequately treated with antidepressants (32). These facts
suggest the importance of proper assessment and therapeutic
interventions needed in patients with NMOSD. However,

whether the mechanism of psychiatric disturbances in patients
with NMOSD and psychiatric patients is similar, remains
unclear. Moreover, the effect of conventional antidepressants
in treating the depressive state in NMOSD is still inconclusive
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(32). A previous report demonstrated that the rate of suicide
attempts in patients with NMOSD with a depressed state is much
higher than that in the normal population (33). Similar to the
management of non-NMOSD patients with usual depression,
there is a need for caution and vigilant attention toward patients
with NMOSD and depression for their suicidal ideation, and
immediately consult psychiatrists if the ideation seems urgent.

In this study, the present daily dose (< 20mg daily; a standard
daily dose for patients with NMOSD in Japan) or cumulative
total amount of oral PSL in patients with NMOSD was not
significantly associated with depressive states or chronic fatigue
level. To date, it is unclear whether the mid- to long-term use
of low- to medium-dose oral PSL administration (i.e., < 20mg
daily) may cause psychiatric disturbances or chronic fatigue. The
results of this study imply that the higher levels of depression and
chronic fatigue in patients with NMOSD cannot be explained
by the therapeutic side-effects of steroids. Our results were
comparable with several previous reports, i.e., that the risk of
mental conditions with oral steroid administration is minimal
with a PSL daily dose <20mg, although these risks would
dramatically increase for the administration of a daily dose of
more than 40–80mg (34, 35).

In the present study, both QIDS-SR and CFS showed
weak to moderate correlation with disease duration and the
untreated period before starting oral PSL. Meanwhile, these
insidious symptoms showed no significant correlation with the
present age or with the present level of neurological disability.
These may imply a delayed impact of clinical attacks and/or
unknown latent progression of glial or neural damage leading
to the psychiatric condition and fatigue levels in NMOSD.
A possible explanation for such delayed or latent impact is
the prolonged demyelination secondary to primary astrocytic
damage in NMOSD (36). Demyelination was once thought
to have no association with NMOSD, but was later proved
pathologically to exist in NMOSD (37). In both multiple
sclerosis (MS) and NMOSD, temperature-induced conduction
block in demyelinated segments is thought to cause Uhthoff’s
phenomenon (38, 39). Henceforth, such an activity-dependent
conduction block has been proposed to contribute to fatigability
in patients with MS (40, 41). Similarly, it is likely that impaired
nerve conduction based on secondary demyelination in NMOSD
may contribute to the delayed manifestation of depressive states
and chronic fatigue in the disease. Another possible explanation
for chronic fatigue is subclinical hypoxemia in patients with
NMOSD, which has been proposed in a previous report (42).
Chronic inflammation in the central nervous system has also
been suggested to cause fatigue in patients (43, 44). These theories
seem to be compatible with the observed correlation between the
untreated period and subsequent depression and fatigue levels
in this study. Meanwhile, among the unlikely causes of chronic
fatigue in NMOSD is the serum level of L-carnitine. Generally,
decreased serum L-carnitine level is considered to result in
chronic fatigue, but the effect of orally administered L-carnitine
on chronic fatigue in patients with MS is unsettled (5, 45).
At present, there has been no report that shows a significant
effect of orally administered L-carnitine on chronic fatigue in
AQP4-IgG-positive patients with NMOSD.

As a limitation of this study, all the patients included were
Asian, and their body weight and body surface areas were
generally much lower than those in Caucasian and African
American patients. Consequently, to achieve an equivalent
effect of relapse suppression by oral PSL, a higher daily
dose of oral PSL may be required in Caucasian and African
American patients with NMOSD. Long-term administration
of medium- to high-dose oral corticosteroids (i.e., above
the daily dose of 7.5–10mg) would result in side effects
other than psychiatric disturbances or chronic fatigue, such
as hyperglycemia, hyperlipidemia, hypertension, weight gain,
infectious diseases, glaucoma, cataract, and osteoporosis (46–48).
Moreover, although it is difficult to discuss the direct effect of oral
glucocorticoids on the mortality rate after excluding the effect of
the primary diseases, a higher daily dose of oral glucocorticoids
has been suggested to be associated with an elevated risk of all-
cause mortality in patients with rheumatoid arthritis (49). In
the present study, we screened only for psychiatric disturbance
and chronic fatigue with oral PSL, but ideally, we need to
assess all the possible side effects of glucocorticoids (e.g., serum
lipid levels, blood glucose level, HbA1c, blood pressure, and
body mass index) to determine the tolerability of long-term
oral PSL administration in patients with NMOSD. In view of
these facts, if a patient with NMOSD requires an oral PSL daily
dose higher than 7.5 to 10mg as monotherapy for sufficient
relapse prevention, other additional or alternative steroid-
sparing relapse prevention therapies should be considered to
avoid possible steroid-induced side effects.

CONCLUSION

Long-term administration of low- to medium-dose oral PSL
<20mg daily would not aggravate the depressive state or fatigue
level in patients with NMOSD. Alternately, early initiation of
oral PSL administration for relapse prevention may alleviate the
subsequent depressive and fatigue conditions. The effect of early
initiation of relapse preventive therapies other than oral PSL to
prevent the progression of depression and fatigue in AQP4-IgG-
positive NMOSD remains to be confirmed by future studies.
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Introduction: Anti-N-methyl-d-aspartate receptor (NMDAR) encephalitis, a serious

neurological autoimmune disorder caused by autoantibodies with diverse clinical

manifestations, may simultaneously onset with antimyelin oligodendrocyte glycoprotein

(MOG) demyelination after recurrent central nervous system (CNS) demyelination.

Case Report: We present a case of anti-NMDAR encephalitis combining with anti-MOG

CNS demyelination following recurrent CNS demyelination. A 38-year-old man admitted

to hospital developed epileptic seizures following recurrent episodes of cross-sensory

disturbance and dizziness. Magnetic resonance imaging (MRI) showed a demyelinating

lesion in the right brainstem initially. Despite a good response tomethylprednisolone pulse

therapy at the beginning, the patient still had relapses and progression after corticosteroid

reduction or withdrawal. Then brain MRI discovered new serpentine lesions involving

extensive cerebral cortex on his second relapse. Repeat autoantibodies test indicated

cerebrospinal fluid (CSF) NMDAR antibodies coexisted with MOG-Abs simultaneously,

suggesting the diagnosis of anti-NMDAR encephalitis with anti-MOGCNS demyelination.

Results: After a definite diagnosis, the patient was treated with mycophenolate mofetil

(MMF) and corticosteroid. He was discharged after his symptoms ameliorated. No

neurological sequels remained, and there were no effects on his activities of daily living

after 6 months of immunoregulatory therapy of MMF and corticosteroid.

Conclusion: For individuals with recurrent CNS demyelination, especially combining

with cortical encephalitis, repeated detection of autoantibodies against AE, and

demyelination in CSF/serum can be helpful to enable a definite early diagnosis. For

patients who suffer from anti-NMDAR encephalitis combining with anti-MOG CNS

demyelination, second-line immunotherapy is recommended when first-line treatment

such as steroids, intravenous immunoglobulin G (IVIG) and plasma exchange has been

proven ineffective to prevent the relapse of disease.

Keywords: recurrent CNS demyelination, diagnosis, anti-NMDAR encephalitis, anti-MOG CNS demyelination,

therapy
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INTRODUCTION

Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis is
an autoimmune disorder in association with immunoglobulin G
(IgG) antibodies against the GluN1 subunit of the NMDAR (1)
and clinical manifestations are diverse such as psychiatric
behavior or cognitive dysfunction, speech dysfunction,
seizures, dyskinesias, loss of consciousness, autonomic
dysfunction, or central hypoventilation (2). Despite severe
symptoms, only 35% of cases reveal abnormal brain MRI
at the onset involving cortical and subcortical regions of
the brain, hippocampus, and sometimes the basal ganglia,
which are often mild, transient, and nonspecific (3). As
few case reports of anti-NMDAR encephalitis combining
with demyelinating disorders such as acute demyelinating
encephalomyelitis (ADEM), myelitis, or neuromyelitis optica
(NMO) in recent years (4), patients suffering from anti-NMDAR
encephalitis and a demyelinating disorder concurrently or
successively may be easily misdiagnosed. A case report described
MOG-antibody-mediated recurrent demyelination following
autoimmune cortical encephalitis in 2017 (5). However, the
case of anti-NMDAR autoimmune cortical encephalitis after
MOG-antibody-mediated recurrent demyelination was relatively
rare as far as we know.

Here, we describe a case of anti-NMDAR encephalitis
with anti-MOG CNS demyelination following recurrent CNS
demyelination according to neuroimaging characteristics,
laboratory test, neuroelectrophysiological examination and
autoantibodies test in cerebrospinal fluid (CSF)/serum.

CASE PRESENTATION

A previously healthy 38-year-old man presented to the
local hospital with progressive right facial numbness and
left hemianesthesia (below the left inferior cervical level),
accompanied by diplopia, blurred vision, vertigo, gait
unsteadiness, nausea, and vomiting. His brain MRI on
14th March 2018 showed a lesion in the right brainstem
(hypointensity on T1WI but hyperintensity on T2WI,
FLAIR, DWI, ADC, and ring enhancement around the lesion
(Supplementary Figure 1). He was preliminarily diagnosed with
probable CNS demyelination and empirically treated with high-
dose methylprednisolone. His clinical symptoms were markedly
improved within 2 weeks, and he was discharged with an oral
prednisone taper. However, 1 week after the discontinuation of
oral prednisone, his symptoms reappeared soon. The patient
denied history of hypertension, diabetes, or any other high-risk
factors for cerebral vascular diseases (CVD). A comprehensive
neurological examination revealed limited right ocular abduction
with horizontal nystagmus, right-sided central facial paralysis,
right facial hypoesthesia, hemihypesthesia below the left inferior
cervical vertebrae, and a left suspect Babinski sign without
meningeal irritation sign or abnormal reflexes.

Given the patient’s myriad of symptoms, we concluded
a right medulla oblongata and pons lesion involving the
spinal trigeminal nucleus, lateral spinothalamic tract, facial
nucleus, vestibular nucleus, and abducens nucleus, which

was later confirmed upon a brain MRI scan on 5th May
2018 (Figures 1A1–A8). Consequently, in order to determine
whether the patient suffered from CNS demyelination and
ensure him to achieve effective treatment in time, lumbar
puncture was provided immediately upon admission on the
same day. CSF analysis revealed leukocytosis (88 × 106/L;
90% lymphocytes), mild increased protein (0.48 g/L), normal
glucose (4.35 mmol/L), and chlorine (119.8 mmol/L), suggestive
of mild inflammatory reaction. There were no bacterial, fungal,
acid-fast bacilli, cryptococci, or viral antibodies in CSF, and
oligoclonal bands (OCB) were negative. In addition, the report
on 8th May 2018 revealed that autoantibodies against AE and
demyelination diseases were negative in CSF/serum. Despite
insufficient diagnostic evidence, he was still considered to have
CNS demyelination. In addition, immunoregulatory therapy
(methylprednisolone, 500 mg/day intravenously for 5 days with
an oral prednisone taper and intravenous IgG, 0.4 g/kg/day for
5 days) were applied empirically at the same time. He responded
well to the treatment and then was discharged with residual mild
blurred vision 2 weeks after this relapse.

Unfortunately, the patient was readmitted a month and a
half after this discharge due to left facial and limb epileptic
seizures, followed by a generalized tonic-clonic seizure with loss
of consciousness for 2min. He had weakness in his left limbs
after consciousness recovery. Upon admission, he additionally
presented with somnolence, dysarthria, shallower left sulci
nasolabialis, left skew of tongue, cross sensory disturbance
(hypalgesia in right face and left side below the inferior cervical
vertebrae), left limb hemiplegia (muscle strength grade 4),
active left tendon reflex, and a left Babinski sign. Follow-
up brain MRI on 4th July 2018 discovered new serpentine
lesions involving the bilateral frontal, temporal, parietal, and
occipital cortex (Lace sign), as well as the original brainstem
lesion (Figures 1C1–C18). In addition, laboratory tests revealed
increased lactate dehydrogenase (LDH), creatine kinase (CK),
positive antinuclear antibody (1:80), and weak positivity for
anti-SSA/SSB antibody. However, later labial salivary gland
biopsy showed negative result. In addition, mitochondrial
encephalomyopathy was excluded due to the absence of
mitochondrial gene mutations. With the evolution of the disease,
his clinical symptoms became more serious and complex.

Then a second autoantibody test of the aforementioned
proteins in the serum/CSF was performed for the purpose of a
definitive diagnosis and effective treatment on 10th July 2018.
Repeat CSF analysis indicated 275 mmH2O IP, leukocytosis
(50 × 106/L; 85% lymphocytes), mild increased protein (0.49
g/L), slightly decreased chlorine (126.0 mmol/L), and normal
glucose (4.30 mmol/L). Notably, serum anti-NMDAR and MOG
antibodies were both positive except autoantibodies against
paraneoplastic syndrome. It is interesting that CSF NMDAR
antibodies also coexisted with MOG-Abs simultaneously upon
retesting (Figures 1B1,B2). Then a diagnosis of anti-NMDAR
encephalitis combining with anti-MOG CNS demyelination was
confirmed due to the coexistence of both antibodies.

The patient was started on corticosteroid impulse therapy
followed by oral tapering with mycophenolate mofetil (MMF)
(2,000 mg/day). Six months after the second relapse, he had
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FIGURE 1 | Brain MRI of two relapses and the result of re-examined autoantibodies. (A1–A8) Brain MRI of first relapse (abnormal signal in right medulla oblongata

and pontine; the lesions are marked by a red circle). Decreased T1 signal abnormalities (A1) and increased T2 (A2), FLAIR (A3), DWI (A4), and ADC (A5) signal

abnormalities involving the right brainstem are shown. Ring Gd DTPA enhancement around the lesion still existed in the brainstem in axial review (A6), sagittal review

(A7), and coronal review (A8) in brain MRI of first relapse. (B1–B2) Transfected, cell-based indirect immunofluorescence test showed positive anti-NMDAR in CSF and

anti-MOG antibodies in serum of patient. (B1) The patient’s CSF was positive for anti-NMDAR antibodies. (B2) The patient’s serum was positive for anti-MOG

antibodies. (C1–C18) Brain MRI of second relapse (abnormal signals in the right brainstem, diffuse abnormal signals in the cerebral cortex of both hemispheres, the

obvious lesions are marked by red circle and crescent-shaped). Decreased T1 (C1) signal abnormalities and increased T2 (C2), FLAIR (C3), DWI (C4), and ADC (C5)

signal abnormalities still existed in the right brainstem without obvious Gd DTPA enhancement (C6). Decreased T1 (C7), ADC (C11) signal abnormalities, and

increased T2 (C8), FLAIR (C9), and DWI (C10) signal abnormalities involving both cortexes at the basal ganglia level without obvious Gd DTPA enhancement (C12)

are shown. Right cortex serpent-like lesion is more obvious. Decreased T1 (C13) and ADC (C17) signal abnormalities and increased T2 (C14), FLAIR (C15), and DWI

(C16) signal abnormalities involving both cortexes at the centrum semioval level without obvious Gd DTPA enhancement (C18) are shown (right cortex serpent-like

lesion is more obvious).
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a good prognosis without any neurological sequels, and there
were no effects on his activities of daily living. Surprisingly, the
re-examination brain MRI on 9th January 2019 revealed that
widespread abnormal signals in the bilateral cerebral cortex and
brainstem had almost disappeared after MMF and corticosteroid
treatment for 6 months (Supplemental Figure 2).

DISCUSSION

A case of anti-NMDAR encephalitis combining with anti-MOG
CNS demyelination after recurrent CNS demyelination was
eventually identified. During the patient’s first hospitalization,
brain MRI showed a lesion in the right brainstem. Based
on the patient’s clinical manifestations and neuroimaging
characteristics at the first relapse, CVD, CNS infectious diseases,
an intracranial mass lesion and demyelinating diseases should
be taken into consideration as a cause. Due to the absence
of high-risk stroke factors and a vascular injury pathological
basis, ischemic infarction should be excluded first. Intracranial
infectious diseases can also be ruled out in consideration of
his symptoms without headache, fever, meningeal irritation
signs, and the characteristics of his CSF test and brain MRI.
For negative findings of magnetic resonance spectrum, good
response to methylprednisolone therapy and his nonprogressive
course, the diagnosis of intracranial mass lesion could be
ruled out. Therefore, the patient was preliminarily diagnosed
with CNS demyelination according to his brainstem lesions,
the relapsing-remitting course, abnormal SEP, BAEP, effective
immunotherapy, and neuroimaging characteristics consistent
with CNS demyelination.

However, the disease not only relapsed but also progressed
(epileptic seizures occurrence and new serpentine lesions
involving the bilateral frontal, temporal, parietal, and occipital
cortex in brain MRI) during the process of prednisolone
reduction after second discharge. Diagnostic confusion arose as
the extensive cortex lesions and brainstem lesions seemed not
to be explained by a single disease. There has been increasing
awareness of CNS demyelination presenting concurrently with
other autoimmune diseases, including Sjögren’s syndrome,
myasthenia gravis (MG), systemic lupus erythematosus (SLE),
and sarcoidosis (6). It is reasonable to believe that the
patient’s condition was related to Sjögren’s syndrome due to
weak positivity for anti-SSA/SSB antibody in serum. However,
Sjogren’s syndrome was ruled out because of negative labial
salivary gland biopsy results. MG, SLE, and sarcoidosis were also
excluded as there was no relative clinical evidence.

In consideration of the diffuse cortical serpentine
lesions (lace sign), differential diagnoses of mitochondrial
encephalomyopathy, Creutzfeldt-Jakob disease (CJD), hypoxic-
ischemic encephalopathy, hypoglycemic encephalopathy,
epilepsy-mediated brain damage, encephalitis (including
viral encephalitis, immune-related encephalitis, autoimmune
encephalitis, limbic encephalitis, etc.), as well as others should
be taken into consideration. For the diffuse cortical serpentine
lesions (Lace sign) in cranial MRI, differential diagnosis
of mitochondrial encephalomyopathy should be taken into

consideration. However, the diagnosis was untenable, for lack of
the evidence of mitochondrial gene mutations. He had no typical
clinical manifestations of CJD (such as progressive dementia,
myoclonus), so CJD was not considered. Hypoxic-ischemic
encephalopathy and hypoglycemic encephalopathy were also
excluded because he had no any relative pathogenesis. The
patient did have epileptic seizures, however, the epileptic seizures
have not lasted more than 2min, excluding the diagnosis
of epilepsy-mediated brain damage. At the same time, all
aforementioned diseases (except encephalitis) do not exhibit
such characteristics in brain MRI (diffuse cortical lesions with
accompanying brainstem demyelinating lesions).

According to the above clinical analysis, we considered the
case to have CNS demyelination or cortical encephalitis due
to certain autoimmune mechanism although autoantibodies of
AE and myelin in CSF/serum were all negative in the first
test. In order to rule out a negative response time window
of autoantibody production and the possible influence of
immunotherapeutic agents in the detection of autoantibodies,
autoantibodies of AE, and myelin were re-examined. Afterwards,
the positive CSF NMDAR antibodies and MOG-Abs in the
second test prompted us to the diagnosis of anti-NMDAR
encephalitis with anti-MOG CNS demyelination.

Anti-NMDAR encephalitis may show lesions of
demyelination in some individuals. In a recent investigation,
3.3% of 691 patients with anti-NMDAR encephalitis had
clinical or imaging evidence of a demyelinating disorder (4).
Acute demyelinating encephalomyelitis (ADEM), neuromyelitis
optica (NMO), optic neuritis, myelitis, multiple sclerosis (MS),
prominent brainstem dysfunction, and other demyelinating
disorders with anti-NMDAR encephalitis have also been
reported (7). It also reported that patients with MOG-Abs
alone can induce cerebral cortical encephalitis and CNS
demyelination at the same time (2). Moreover, a case reported
MOG-antibody-mediated recurrent demyelination following
anti-NMDAR encephalitis in 2017 (5). However, the case of
anti-NMDAR autoimmune cortical encephalitis simultaneously
onset with anti-MOG CNS demyelination after recurrent
CNS demyelination has not been reported previously as far as
we know.

As mentioned earlier, simultaneous appearance of both
antibodies in the case may not be accidental but may be
caused by some relevance of the immunological mechanisms
perhaps. We guessed that mechanism of CNS demyelination
may overlap with that of anti-NMDAR encephalitis. Considering
that oligodendrocytes do contain NMDAR, it is reasonable
to speculate that the immune attack targeting myelin may
simultaneously involve NMDAR, and vice versa (5). As we know,
differentiation of oligodendrocyte precursor cells (OPCs) into
myelinating oligodendrocytes is the most important event for
CNS axonal myelination during development and remyelination
in demyelinating diseases. A research in 2012 showed that
NMDAR plays a critical role in the regulation of promoting
OPC differentiation and remyelination by enhancing myelin
protein expression through mTOR-dependent mechanism (8).
While the anti-NMDAR antibodies target molecules involved in
neurotransmission, they block ion channel pores or disrupt the
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interaction with neighboring molecules and reduce expression
of cell surface receptors by altering receptor localization on the
membrane or causing receptor internalization which lead to
neuronal dysfunction (9). Therefore, the NMDAR is a double-
edged sword in patients with demyelinating disorders because
it is not only involved in the regeneration and repair of myelin
but also associates with autoimmune response leading to a worse
prognosis finally.

It was reported in 2020 that 10 children with AE associated
with MOG-Abs presented several radiologic features in position:
involvement of cortical and deep gray matter structures often
associated with juxtacortical signal changes and no involvement
of the optic nerves or other white matter structures. In addition,
all of them had a brief prodromal period, associated often
with severe headache, followed by impairment of consciousness,
other neurologic symptoms, and seizures (10), which was
consistent with our case. Hence, it suggested the important
auxiliary role of imaging features and clinical manifestations in
diagnosis. A recent study found that between 4% of patients with
anti-NMDAR encephalitis have concurrent glial-Abs including
MOG, glial fibrillary acidic protein (GFAP), and aquaporin 4
(AQP4), and people with concurrent glial-Ab often have more
frequent previous episodes of encephalitis or demyelinating
disorders, more frequent prodromal symptoms, and shorter
duration of symptoms (11). Therefore, for patients with recurrent
demyelinating disorders and various prodromal symptoms, the
examination of immune responses in CSF/serum requires to be
done as soon as possible.

Our study has several limitations as follows: (1) It is
a pity that we neglected the electroencephalogram (EEG)
examination. Although the diagnosis is based on clinical
manifestations, neuroimaging examination and the test
of autoantibodies in CSF/serum, EEG examinations often
show abnormalities in 90% or even more patients with anti-
NMDAR encephalitis, characterized by focal or generalized
slow activity with or without epileptic discharges (7).
Moreover, EEG recording can be normalized after effective
treatment (2). We did not repeat the autoantibody test timely,
resulting in a delayed diagnosis, for we neglected that the
patient had received immunoregulatory therapy before the
autoantibody test, which could result in a false-negative
result from an autoantibody test (3). Six months follow-
up is short relatively to assess the long-term outcome and
frequency of relapses after the identification of concurrent
antibodies. Fortunately, the patient had a good prognosis
without any neurological sequels, and lesions in MRI had
almost disappeared after mycophenolate mofetil (MMF) and
corticosteroid treatment.

In summary, our case provides several clues that patients with
recurrent CNS demyelination, particularly in the presence of
brainstem lesion and cortical involvement on MRI, overlapping
autoimmune diseases should be taken into consideration.
Repeated autoantibody tests against AE, demyelinating disorders,
and paraneoplastic syndrome are necessary for a definite and
early diagnosis and therapy. Moreover, the diagnosis can be
identified by a combination of other factors, including previous

recurrent episodes of autoimmune demyelinating disorders,
clinical or MRI characteristics, laboratory examination,
and immunohistochemistry with patients’ CSF/serum.
In the meanwhile, this case reminded us that second-
line immunotherapy, including MMF, rituximab (RTX),
azathioprine (AZA), ciclosporin (CsA), and cyclophosphamide,
is recommended for anti-NMDAR encephalitis particularly
combining with recurrent demyelinating disorders despite a
good response to the first-line treatment including steroids,
IVIG, and plasma exchange, which have been proven to have a
better prognosis and less recurrence compared with those who
did not receive (3).

CONCLUSION

Our clinical observation implies that auto-antibodies of AE
and myelin in CSF/serum should be re-examined in patients
with CNS demyelination relapse even though autoantibodies
were negative in the first test. For patients who suffer from
anti-NMDAR encephalitis combining with anti-MOG CNS
demyelination, second-line immunoregulatory therapies which
were confirmed to have a better prognosis in this case should
be started as soon as possible when first-line treatment has been
proven ineffective to prevent the relapse of disease.
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Background and purpose: Immunoadsorption (IA) is an antibody-depleting

therapy used to treat neuromyelitis optica spectrum disorder (NMOSD) associated

to antiaquaporin 4 (anti-AQP4-IgG) and antimyelin oligodendrocyte glycoprotein

(anti-MOG-IgG) serum autoantibodies. Our aim was to evaluate longitudinal changes of

serum MOG-IgG and AQP4-IgG antibody titer and to correlate it with the clinical status.

Methods: Autoantibody titer and clinical features of two MOG-IgG+/AQP4-IgG– and

two AQP4-IgG+/MOG-IgG– patients with NMOSD were collected at baseline (T0),

after 6 IA courses (T1), and then 2 weeks (T2) and 6 months after treatment (T3). A

fluorescent ratiometric assay was used for a quantitative detection of MOG and AQP4

antibodies, based on HEK-293 cells transfected with the full-length hMOG fused to GFP

or h-AQP4-M23 isoform fused to m-cherry, respectively. We defined the antibody titer as

MOG quantitative ratio (MOGqr) and AQP4 quantitative ratio (AQP4qr).

Results: In Case 1, the MOGqr dropped from 0.98 at T0 to 0.14 at T3, and in Case

2, it decreased from 0.96 at T0 to undetectable at T3. In Case3, the AQP4qr remained

high: 0.90 at T0 and 0.92 at T3. In Case 4, the AQP4qr decreased from 0.50 at T0 to

undetectable at T3. Complete recovery was found in Cases 1, 2, and 4.

Conclusions: Semiquantitative ratiometric method accurately detects even slight

variation of MOG-IgG and AQP4-IgG titer, suggesting it may be useful to monitor the

antibody titer during the disease course and maintenance immunotherapy.

Keywords: NMO antibodies, NMOSD, NMO spectrum disorder, MOG (myelin oligodendrocyte glyco protein),

neuroinflammation

INTRODUCTION

Neuromyelitis optica spectrum disorders (NMOSD) are autoantibody-mediated chronic
inflammatory diseases (1). Serum immunoglobulin G (IgG) autoantibodies binding to astrocytic
aquaporin 4 (AQP4), the principal water channel of the central nervous system (CNS) (2), cause
autoimmune astrocytopathies, characterized by recurrent attacks of the optic nerve, brainstem,
and spinal cord (1). In some patients, presenting with NMOSD clinical and radiological features,
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serum IgG autoantibodies against myelin oligodendrocyte
glycoprotein (MOG) are detected (3). MOG-IgG autoantibodies
(Abs) are associated with a wide spectrum of demyelinating
central nervous system (CNS) disorders, such as optic
neuritis (ON), myelitis, clinically isolated syndrome (CIS),
NMOSD, acute demyelinating encephalomyelitis (ADEM), or
multiphasic demyelinating encephalomyelitis (MDEM) (4).
These clinical syndromes are now frequently referred as MOG
encephalomyelitis (MOG-EM) or MOG antibodies disease
(MOGAD) (5). According to the revised NMOSD diagnostic
criteria, patients without evidence of AQP4-IgG can be assigned
to NMOSD, even though their relevance as nosological entity is
currently under discussion (6).

Magnetic resonance imaging (MRI) is one of the most
important diagnostic tools to distinguish multiple sclerosis (MS)
from AQP4-positive NMOSD and MOGAD. The Wingerchuck
2015 criteria have shown 90.9% sensitivity and 89.7% specificity
in identifying all types of NMOSD (7).

The gold standard test for detectingMOG-IgG and AQP4-IgG
is the cell-based assay (CBA) that, compared to enzyme-linked
immunosorbent assays (ELISA) or immunoprecipitation assays,
shows greater sensitivity and specificity (8, 9). The sensitivity
of CBA ranges between 80 and 100%, while specificity ranges
between 86 and 100% (3).

In NMOSD patients, the treatment of acute attacks is
usually represented by 1,000mg intravenous methylprednisolone
(IVMP) for 3–5 days (8), although a treatment escalation to
2,000mg IVMP may be administered in case of poor response
(10). However, IVMP in NMOSD patients led to complete
recovery just in 19–35% of myelitis and in 33–53% of acute
attack of ON (8); therefore, more aggressive treatments of attacks
have been suggested. In particular, a study by Kleiter et al.
(10) suggested that the first-line therapy with apheresis may be
superior to IVMP in attacks involving the spinal cord. Apheresis
therapy aims to eliminate antibodies and other proinflammatory
factors from patients’ sera. Two main techniques are used:
immunoadsorption (IA) and plasma exchange (PLEX). In both
procedures, the plasma is separated from the whole blood
including albumin, complement factors, and immunoglobulins.
In IA, the plasma needs to pass through an IA device before
reinfusion. In PLEX, the filtered plasma is rejected, and either
fresh-frozen plasma or 5% albumin solution is added before being
instilled. No superiority was shown for one of the two apheresis
techniques (11).

We report a clinical case series of four NMOSD patients who
came to our center with an acute relapse, treated with IA as
second line therapy, after no recovery with IVMP.

MATERIALS AND METHODS

Two NMOSD patients MOG-IgG+/AQP4– and two NMOSD
patients AQP4-IgG+/ MOG-IgG– were examined. At baseline,
all patients underwent brain and spinal cord MRI, lumbar
puncture (LP), and infectious diseases [Borrelia burgdorferi,
Treponema pallidum, Toxoplasma, Herpes virus types 1
and 2, varicella zoster, Cytomegalovirus, Epstein–Barr virus,

hepatitis A, B, and C virus, and human immunodeficiency virus
(HIV)] and autoimmunity tests [antinuclear antibodies (ANA),
antineutrophil cytoplasmic antibody (ANCA), cardiolipin
antibodies or phospholipid/glycoprotein beta-2-antibodies,
rheumatoid factor]. All patients were treated with IVMP (5–13
× 1000mg) as first-line therapy with no recovery and then with
IA using tryptophan (TR350) as second-line therapy (median
number of IA courses= 10; range, 7–13).

Clinical status and serumMOG-IgG and AQP4-IgG Abs were
assessed at admission before IA therapy (T0), after six IA courses
(T1), and then 2 weeks (T2) and 6 months after treatment ends
(T3) (Tables 1, 2).

Visual function testing was performed by standardized
protocol under standardized conditions, and visual acuity (VA)
was assessed with a retroilluminated Snellen letter chart (12).

Cell Culture and Transfection
Serum MOG-IgG and AQP4-IgG were measured by an in-
house CBA, the gold standard test according to the international
recommendations for NMOSD (13) and MOGAD (6).

Cultured human cells (HEK293 cells) were transfected with
the antigen, MOG or AQP4, and used as substrate in an indirect
immunofluorescence assay (14) (Figures 1A,B).

The full-length hMOG-α1 splice variant complementary DNA
(cDNA) (FL-MOG-α1) cloned into pCMV6-AC-GFP plasmid
was kindly provided by Prof. Raffaele Iorio (Università Cattolica
del Sacro Cuore, Rome, Italy). HEK-293 cells were grown in
Dulbecco’s high glucose medium with stable glutamine added
with 10% fetal bovine serum and 100 U/ml penicillin/100
µg streptomycin (Invitrogen, Milan, Italy). Cells were stably
transfected with hMOG construct or empty vector and used
as the substrate for live cell-based assays (CBAs). Transfections
were performed using Lipofectamine 2000 transfection reagent
(Invitrogen, Milan, Italy) following the manufacturer’s protocol
(Figure 1B)

HEK-293 cells were also transfected with pmCherry-hAQP4-
M23 expression vector, cloned as described elsewhere (15), to
obtain M23mCherry stable expressing cell line. Stable clones
were selected for 2 weeks in medium with 0.8 mg/ml geneticin
and maintained thereafter in 0.4 mg/ml geneticin. Transductions
resulted in almost 100% of MOG- or AQP4-M23-expressing cells
(Figure 1A).

Quantitative Analysis of Serum Antibodies
Titer
AQP4-M23-IgG and MOG-IgG binding was determined using
live-cell-staining immunofluorescence technique as previously
described (15). Briefly, transfected cells cultured on glass
coverslips were exposed to the sample sera (1:20 diluted) for
1 h at room temperature. Serum MOG-IgG was detected on
the surface of MOG-expressing cells, using goat antihuman
568 Alexa-Fluor-conjugated secondary antibodies (Invitrogen,
Life Technologies, Carlsbad, CA), while AQP4-IgG bound
antibodies were detected using goat antihuman 488 Alexa-Fluor-
conjugated secondary antibodies (Invitrogen Life Technologies,
Carlsbad, CA). In order to evaluate unspecific background
staining, we routinely performed serum antibody staining using
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TABLE 1 | MOGqr and visual acuity (VA) in case 1 and 2 collected over time.

T0 T1 T2 T3

MOGqr VA MOGqr VA MOGqr VA MOGqr VA

Case 1 0.98 5/10 0.80 7/10 0.5 10/10 0.14 10/10

Case 2 0.96 <0.1 0.25 3/10 <0.02 3/10 <0.02 3/10

MOGqr, MOG quantitative ratio; VA, visual acuity; T0, onset, T1, after 6 IA courses, T2, two weeks after IA treatment, T3, 6 ± 2 months after IA therapy.

TABLE 2 | AQPqr and EDSS in case 3 and 4 collected over time.

T0 T1 T2 T3

AQP4qr EDSS AQPqr EDSS AQPqr EDSS AQPqr EDSS

Case 3 0.90 7.5 0.65 7.0 0.70 6.5 0.92 8.0

Case 4 0.50 3.5 0.60 3.0 <0.02 2.0 <0.02 2.0

AQP4qr, AQP4 quantitative ratio; EDSS, Expanded Disability Status Scale; T0, onset; T1, after 6 IA courses; T2, two weeks after IA treatment; T3, 6 ± 2 months after IA therapy.

FIGURE 1 | Cultured human cells (HEK293 cells) were transfected with the antigen, MOG or AQP4, and used as substrate in an indirect immunofluorescence assay.

For MOG-IgG detection, cells were stably transfected with hMOG-α1 splice variant complementary DNA (cDNA) (FL-MOG-α1) cloned into pCMV6-AC-GFP plasmid.

(B) Cells were stably transfected with hMOG construct or empty vector and used as the substrate for live cell-based assays (CBAs). (A) HEK-293 cells were also

transfected with pmCherry-hAQP4-M23 expression vector, cloned to obtain M23mCherry stable expressing cell line. (B) Serum MOG-IgG was detected on the

surface of MOG expressing cells, using goat antihuman 568 Alexa-Fluor-conjugated secondary antibodies, (A) while AQP4-IgG bound antibodies were detected using

goat antihuman 488 Alexa-Fluor-conjugated secondary antibodies. AQP4-M23-IgG and MOG-IgG binding was determined using live-cell-staining

immunofluorescence technique. MOG, myelin oligodendrocyte glycoprotein; AQP4, aquaporin-4 channel protein; HEK-293, human embryonic kidney 293 cells.

empty vector transfected cells for both immunoassays. Coverslips
containing cells where observed using a DMRXA fluorescence
microscope (Leica Microsystems) provided with a DFC700T
color camera.

The antibody titer was performed by a ratiometric method
using the cells expressing the fluorescent protein (MOG-GFP,
AQP4-mcherry). In detail, for each cell line, two microscopy
fields were randomly chosen using a 20× objective. For each

field, four different regions containing two to four cells each
were analyzed. Fluorescent intensity of each region wasmeasured
with a grayscale, and background subtracted values were given
as ratio of red/green for MOG antibody titer and green/red for
AQP4 antibody titer. Values range from 0 for no staining to 1 for
maximum antibody binding.

Therefore, we defined these values as MOG quantitative ratio
(MOGqr) and AQP4 quantitative ratio (AQP4qr).

Frontiers in Neurology | www.frontiersin.org 3 March 2021 | Volume 12 | Article 633115169

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Bollo et al. MOG-IgG and AQP4-IgG in NMOSD Patients

FIGURE 2 | In Cases 1 and 2, (A) MOGqr decrease during time, (B) as the VA improve until complete recovery of starting VA in both patients. The titer remained low

(Case 1) or undetectable (Case 2) during the IA treatment and at last FU (T3). In Case 4, (C) the AQPqr decrease during time with (D) clinical improvement of the

patient. In Case 3, (C) the AQPqr was slightly reduced with almost no recovery at T2, and (D) at T3, the AQPqr increased and the clinical condition had worsened.

MOGqr, MOG quantitative ratio; VA, visual acuity; AQP4qr, AQP4 quantitative ratio; EDSS, Expanded Disability Status Scale; T0, onset; T1, after 6 IA courses; T2, 2

weeks after IA treatment; T3, 6 ± 2 months after IA therapy.

CASE DESCRIPTION AND RESULTS

Case 1 was a Caucasian 26-year-old woman with a 10-year
history of migraine and a spontaneous abortion in 2016. In
October 2018, 2 months after delivery, during breastfeeding, she
developed acute bilateral blurred vision and retro-orbital pain
on eyes movement and moderate frontal headache. Brain and
orbital MRI demonstrated contrast enhancement in both optic
nerves, compatible with bilateral optic neuritis, supratentorial
nonspecific white matter lesions not meeting Paty and Barkhof
criteria for MS (16), and a normal spinal MRI. The patient was
admitted to our department after three cycles of IVMP (17 g total)
leading to no recovery.

Neurological examination was unremarkable except for
bilateral visual loss, right visual acuity (RVA) 7/10, and left visual
acuity (LVA) 5/10. Visual field examination revealed a bilateral

large central scotoma more prominent in the left eye. Optical
coherence tomography (OCT) examination evidenced a thinning

of retinal nerve fiber layer (RNLF) in both eyes, greater in the left

one. LP revealed mild blood–cerebrospinal fluid (CSF) barrier
dysfunction and CSF-restricted IgG oligoclonal bands (OCB).
MOG antibodies were positive with a MOGqr = 0.98 at T0. The
patient was treated with 13 courses of IA; the MOGqr decreased
to 0.8 at T1, with partial recovery of VA (RVA 10/10, LVA 7/10),
and 0.7 at T2 with complete recovery of VA (Table 1). She was

discharged with oral steroid for 3 months, and in June 2019,
she started Azathioprine (AZA) 2 mg/kg (150 mg/day). Twelve
months after the IA treatment (T3), the MOGqr was 0.14, and a
normal VA was documented (Figures 2A,B).

Case 2 was a 26-year-old man, Caucasian, with a history
of congenital rubella syndrome expressed by eye abnormalities
(retinitis and cataract) and consequent visual impairment
(RVA 5/10 and LVA 3/10). In 2014, he had an unprovoked
epileptic seizure; the brain MRI scan showed multiple T2-
hyperintense lesions in the white matter that were attributed to
the previous rubella infection; and no contrast-enhancing lesions
were found. No antiepileptic drug was started. In November
2018, he developed a bilateral optic neuritis with a worsening
of visual acuity (RVA 3/10, functional blindness in the left eye).
CSF examination revealed mild pleocytosis (7 leukocytes/µl),
blood–CSF barrier dysfunction, and CSF-restricted OCB. Brain
MRI examination showed optic nerves’ swelling with Gd-
enhancement and several T2-hyperintense lesions involving the
subcortical and supratentorial white matter, sparing the corpus
callosum. Spinal MRI was normal. MOG-IgG antibodies were
detected with MOGqr= 0.96 at T0. The patient was treated with
13 cycles of IA; the MOGqr decreased to 0.25 at T1 with a slight
improvement of VA (Table 1). At T2, the MOGqr was under the
mean healthy control values with a complete recovery of VA, and
the patient started a therapy with rituximab (RTX) 2× 1,000mg,
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2 weeks apart. At T3, the VA was unmodified, and the MOG-IgG
antibodies were still undetectable in the serum (Figures 2A,B).

Case 3 was a 39-year-old Caucasian woman. In 2008,
she was hospitalized for an episode of cerebral salt wasting
syndrome (CSWS) (17). The brain MRI scan revealed a T2-
hyperintense diencephalic lesion without Gd enhancement, and
the spinal MRI was normal. CSF revealed normal cell count,
moderate blood–CSF barrier dysfunction, and negative OCB.
No diagnosis of NMOSD was made, and no disease-modifying
drugs (DMDs) were started. In 2019, she developed bilateral
dysesthesia and four limbs palsy, with severe bladder dysfunction
[Expanded Disability Status Scale (EDSS) 7.5]. MRI showed two
longitudinally extensive transverse myelitis (LETM) T2 lesions
extending from C2 to C7 and from T3 to L1, both with Gd
enhancement. AQP4 antibodies were positive (AQPqr = 0.90)
at T0. The patient achieved a partial recovery (EDSS 7.0) at T1
with a slight decreasing in AQPqr = 0.65. At T2, the clinical
status minimally improved (EDSS 6.5), while the AQP-IgG titer
increased (AQPqr= 0.7) (Table 2).

The patient started RTX (2 × 1,000mg, 2 weeks apart), but at
T3, she developed a relapse with an acute myelitis with severe
paresis of the four limbs (EDSS 8.0); she was tested for AQP-
IgG, and the titer rose up again (AQPqr = 0.92). The spinal
MRI showed a new T2-hyperintense lesion with Gd enhancement
from C7 to T1 (Figures 2C,D).

Case 4 was a 44-year-old woman, with a medical history
characterized by several autoimmune diseases (Vitiligo,
Hashimoto’s thyroiditis, autoimmune proctitis). In July 2018,
she developed an area postrema syndrome (APS) and moderate
lower limbs palsy with a partial spontaneous regression in
1 week (EDSS 2.0). In October 2018, she complained of
increasing dysesthesia in lower limbs and impaired ambulation.
Neurological examination revealed mild lower-limb paresis
and hypoesthesia with urinary incontinence (EDSS 3.5). The
spinal cord MRI showed a T2-hyperintense lesion, without
Gd enhancement from the obex to C5 and an LETM with Gd
enhancement in the thoracic cord. CSF showed normal cell
count and slightly elevated protein levels but no intrathecal IgG
synthesis (no OCB, QIgG normal). She was tested for AQP4-
IgG antibodies, and the AQPqr was 0.5 at T0. The treatment
with IA (13 courses) was started. At T1, the AQPqr was 0.6.
After the IA treatment (T2), the AQP4qr was undetectable in
serum (Table 2); the neurological examination of the patient
revealed very mild foot flexor and extensor paresis bilaterally
(4/5), with no sensory symptoms and an EDSS score of 2;
the patient started RTX (2 × 1,000mg, 2 weeks apart). At
T3, the neurological examination was stable (EDSS 2.0), the
MRI did not show new brain or spinal cord lesions, and
the AQP4-IgG was still under the mean negative control
value (Figures 2C,D).

DISCUSSION AND CONCLUSIONS

Four NMOSD patients came to our attention for an acute relapse
without recovery after IVMP. They were treated with IA therapy
as second-line therapy and 52 IA single procedures.We evaluated

the clinical examination and the MOG-IgG and AQP4-IgG abs
titer at different times of relapse treatment and at last follow-up
with a semiquantitative ratiometric method.

Live CBA represents the “gold standard” test for serumMOG-
IgG and AQP4-IgG detection. This methodology has allowed
to identify these antibodies in non-MS acquired demyelinating
CNS syndromes (18). However, this technique requires the
microscopy analysis done by at least two operators who give a
qualitative score, according to the intensity of the staining, and it
is time consuming, since it requires serum dilution steps.

In our study, a ratiometric method, based on a two-color
detection, is used to give a more accurate MOG (red/green)
and AQP4 antibody titers (green/red). The major strengths of
this method are the following: (a) a less operator-dependent
technique, (b) more reliable, (c) quicker to perform since serial
dilutions are not required, and (d) capable to detect slight
variation of the antibody titration.

Using this ratiometric method, it was possible to correlate the
antibody titer to the clinical improvement after a specific therapy.

Cases 1 and 2 were two young adults with severe BON:
case 1 with onset 2 months after delivery and case 2 with
a possible onset, many years before the visual disturbance,
with an unprovoked epileptic seizure. Indeed, there is growing
recognition of seizures as a clinical manifestation of MOGAD
(19). We correlated the MOGqr titers with the improvement of
VA in the most affected eye, since they had no other neurological
dysfunctions. They showed a progressive improvement of VA
in both eyes until complete recovery that correlated with an
antibody levels decrease (Figures 2A,B). At last follow-up (T3),
they still presented low MOG-IgG titer, and no evidence of
disease activity was observed.

As occurred in MOG-IgG-positive patients, in case 4, the level
of AQP4-IgG decrease correlated with the clinical improvement,
with a recovery to the starting clinical status (EDSS 2.0).
At T3, the titer remained under the mean negative control
value, and case 4 did not present clinical relapses and MRI
disease activity.

In case 3, high values of AQP4qr were found at T1 and
T2, and the patient had just a slight recovery as result of the
aphaeretic treatment (T2: AQPqr = 0.70 and EDSS 6.5). At T3,
she developed a new relapse despite the starting of DMD therapy
with a further increase in AQP4qr to 0.90 and a clinical worsening
(EDSS 8.0) (Figures 2C,D).

We dosed theMOG-IgG and AQP4-IgG by a semiquantitative
ratiometric method, which is accurate to detect even slight
variations of the antibody titer over time as shown in our patients.
We observed a possible relationship between the drop of MOG-
IgG and AQP4-IgG titer and the clinical improvement (Cases 1,
2, and 4), whereas in Case 3, the persistence of high levels of
AQP4qr was associated with a slight recovery at T2 and a new
relapse at T3 (Figure 2).

A previous study tried to investigate the prognostic role of the
AQP4-IgG titer, dosed with an enzyme-linked immunosorbent
assay (ELISA), and no significant differences were found in any
clinical characteristic in NMOSD patients, by proposing that
seropositive patients generally have the same clinical course
regardless of antibody titer (20).
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Nevertheless, relapsing clinical course was observed in
a subset of patients with a persistent MOG-IgG-positive
status compared to patients who did not experienced a
clinical relapse after conversion to seronegativity under
maintenance immunotherapy (21). The major limitation
of our study is the small cohort of patients. However, our
results may suggest that using a method more sensitive to
slight variations in the antibody titer could lead to a more
accurate definition of patients serostatus trend even under
immunomodulant/immunosuppressant treatment.

Further studies, including a large cohort of patients with
longitudinal titration and clinical follow-up, are warranted to
confirm the role of antibody titer in monitoring disease activity
and treatment response.
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Background: In our previous single-center study of autoimmune encephalitis (AE)

related autoantibody test results we found positivity in 60 patients out of 1,034 with

suspected AE from 2012 through 2018 as part of a Hungarian nationwide program. In

our current multicenter retrospective study, we analyzed the clinical characteristics and

outcome of AE patients with positive neuronal cell surface autoantibody test results.

Methods: A standard online questionnaire was used to collect demographic and clinical

characteristics, laboratory and imaging data, therapy and prognosis of 30 definitive AE

patients in four major clinical centers of the region.

Results: In our study, 19 patients were positive for anti-NMDAR (63%), 6 patients (20%)

for anti-LGI1, 3 patients for anti-GABABR (10%) and 3 patients for anti-Caspr2 (10%)

autoantibodies. Most common prodromal symptoms were fever or flu-like symptoms

(10/30, 33%). Main clinical features included psychiatric symptoms (83%), epileptic

seizures (73%) and memory loss (50%). 19 patients (63%) presented with signs of central

nervous system (CNS) inflammation, which occurred more frequently in elder individuals

(p = 0.024), although no significant differences were observed in sex, tumor association,

time to diagnosis, prognosis and immunotherapy compared to AE patients without CNS

inflammatory markers. Anti-NMDAR encephalitis patients were in more severe condition

at the disease onset (p = 0.028), although no significant correlation between mRS

score, age, sex and immunotherapy was found. 27% of patients (n = 8) with associated

tumors had worse outcome (p = 0.045) than patients without tumor. In most cases,

immunotherapy led to clinical improvement of AE patients (80%) who achieved a good

outcome (mRS ≤ 2; median follow-up 33 months).
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Conclusion: Our study confirms previous publications describing characteristics of AE

patients, however, differences were observed in anti-NMDAR encephalitis that showed

no association with ovarian teratoma and occurred more frequently among young males.

One-third of AE patients lacked signs of inflammation in both CSF and brain MRI, which

emphasizes the importance of clinical symptoms and autoantibody testing in diagnostic

workflow for early introduction of immunotherapy, which can lead to favorable outcome

in AE patients.

Keywords: autoimmune encephalitis, neuronal surface antibody, clinical characteristics, immunotherapy,

prognosis

INTRODUCTION

Autoimmune encephalitis (AE) is increasingly recognized as
one of the most frequent causes of non-infectious encephalitis
(1, 2). In AE, the most common autoantibodies against neuronal
cell surface receptors and synaptic proteins include those
against NMDAR (N-methyl-D-aspartate receptor), GABABR (γ-
aminobutyric acid receptor-B), AMPAR (α-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid receptor) and against proteins
associated with the VGKC (voltage-gated potassium channel
complex), such as LGI1 (leucine-rich, glioma inactivated 1)
and Caspr2 (contactin-associated protein-like 2) (3, 4). AE
may present with a wide spectrum of clinical symptoms, such
as behavioral and psychiatric disorders, cognitive impairment,
changes in the level of consciousness, seizures and movement
disorders (5, 6). Besides clinical features suggestive of AE,
accurate diagnosis relies on the detection of characteristic
autoantibodies in the serum and/or cerebrospinal fluid (CSF),
accompanied with auxiliary examinations, such as structural
magnetic resonance imaging (MRI) and electroencephalography
(EEG) (7). The diagnosis of AE may be complicated as results
of cerebral imaging and CSF analysis are often unremarkable,
especially in the elderly with autoantibodies against LGI1 and
Caspr2 (8, 9). In AE, early introduction of proper therapy is
associated with a more favorable outcome, emphasizing the
importance of early diagnosis based on clinical symptoms and
paraclinical tests at the time of presentation. In our previous
single-center study of patients with suspected AE, we found
positive autoantibody test results in 60 out of 1,034 patients
from 2012 through 2018 as part of a Hungarian nationwide
program (10). In that study, long-term (1–5 years) autoantibody
testing was conducted in 30 patients with positive autoantibody
results, of which 17 remained positive at different time points.
The aim of the present retrospective study was to characterize
the clinical features and outcome of AE, based on the results
of laboratory and paraclinical tests, in a multicenter cohort
of Hungarian patients, involving four major clinical centers
of the region to collect data of 35 patients with AE-related
autoantibody positivity.

MATERIALS AND METHODS

Patient Inclusion
In our current study, we retrospectively identified 35 patients
with positive neuronal cell surface autoantibody (NMDAR, LGI1,

GABABR, Caspr2). Patients were selected based on our previous
observational cohort study of patients who tested positive for
at least one neuronal cell surface autoantibody in sera, CSF
or both in sera and CSF at the Department of Immunology
and Biotechnology, Clinical Center, University of Pécs Medical
School, Pécs, Hungary, from January 2012 until December 2019
(10). Of the total 35 patients, 24 were tested in CSF-serum pairs
(68.6%), 9 for serum only (25.7%) and 2 for CSF only (5.7%).
Five patients with positive antibody results were excluded from
further clinical analysis because of alternative diagnosis. Two
patients with anti-Caspr2 positivity detected in sera but not in
CSF, and one patient with anti-NMDAR positivity in CSF but
not in serum had a final diagnosis of stroke (of which the latter
patient died). One patient with anti-NMDAR positivity found in
sera but not in CSF, and one patient with anti-Caspr2 positivity
detected only in sera (CSF was not available) had a final diagnosis
of multiple sclerosis. Patients with positive neuronal cell surface
autoantibody tests enrolled in this study fulfilled the criteria for
definite AE defined by Graus et al. (7): (1) subacute onset (rapid
progression< 3months) of workingmemory deficits (short-term
memory loss), altered mental status, or psychiatric symptoms,
and (2) new focal central nervous system (CNS) findings, seizures
not explained by a previously known seizure disorder, CSF
pleocytosis (white blood cell count > 5 cells/mm3), or MRI
features suggestive of encephalitis, and (3) reasonable exclusion
of alternative causes. All anti-NMDAR autoantibody positive
patients included in the study had ≥2 positive results during
confirmatory tests (Euroimmun, The anti-Glutamate Receptor
(type NMDA) IIFT kit, FC112d1005-51).

Neuronal Cell Surface Antibody Detection
The antibody panel included anti-NMDAR, anti-GABABR, anti-
AMPAR1, anti-AMPAR2, anti-LGI1 and anti-Caspr2. AE-related
antibody testing was performed in the routine laboratory,
using indirect immunofluorescence (IIFT) BIOCHIP assay with
HEK293 cells expressing the genes of the six different proteins
(Euroimmun, Autoimmune Encephalitis Mosaic 1, FA 112d-
1003-1). The assay was optimized following the guideline
included in the Manufacturer’s Instruction. The anti-Glutamate
Receptor (type NMDA) IIFT kit with BIOCHIP slides containing
fields of NMDAR expressing and control HEK293 cells was
used as a confirmatory test (Euroimmun, The anti-Glutamate
Receptor (type NMDA) IIFT kit, FC112d1005-51) in case of
samples positive or equivocal for anti-NMDAR autoantibodies.
For histological localization of autoantibody positivity a rat
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brain biochip was used for indirect immunofluorescence
imaging (Euroimmun, IIFT: Glutamate Receptor Mosaic 3,
FA 111m-1003-3).

Data Collection and Analyses
Clinical data were collected using an online questionnaire in
collaboration with neurologists specialized in neuroimmunology
from four clinical centers in Hungary. Questions about
demographics, prodromal symptoms, clinical features, CSF
findings, EEG and brainMRI descriptions, therapy and prognosis
were included in the questionnaire.

We used the modified Rankin scale (mRS) to measure
neurological outcome in AE patients (11–14). The mRS score
was determined at onset, at the time of the worst status of the
patient, and at the last visit. The mRS score of 0-2 at the last visit
was considered as good outcome and > 2 as poor outcome (13).
Complete recovery was assessed in AE patients with mRS score
of 0 at the last visit following treatment (median: 33 months;
range: 1–77) (12). Relapse was defined as the new onset or
worsening of symptoms, after at least 2 months of improvement
or stabilization (15).

Statistical Methods
Statistical evaluation was performed with the SPSS IBM
version 26 (IBM, Armonk, NY, USA). Categorical variables
were described as percentages and numerical variables were
described as medians and ranges. Mann-Whitney U test for
continuous variables and Fisher’s exact test for categorical
variables were used as appropriate. P-values < 0.05 were
considered statistically significant.

Standard Protocol Approvals,
Registrations, and Patient Consents
Clinical samples were obtained with patients’ informed consent.
The study was approved by the Ethics Committee of the
Medical Research Council of Hungary (number of approval:
49709-2/2019/EKU).

RESULTS

Demographic Features and Characteristics
of AE Patients
We identified and collected detailed clinical data of 30
patients with the diagnosis of definite AE. Of the 30 patients,
autoantibodies were tested in CSF-serum pairs in 66.7%, only in
serum in 26.7% and only in CSF in 6.7% of patients (Table 1).
The most common antibody was anti-NMDAR (19/30, 63.3%),
followed by anti-LGI1 (6/30, 20%), anti-GABABR (3/30, 10%)
and anti-Caspr2 (3/30, 10%). One patient showed positivity
for both anti-LGI1 and anti-Caspr2 antibodies. In the anti-
NMDAR patient group, autoantibodies were detected in sera
and CSF simultaneously in 31.6%, only in CSF in 36.8% and
only in sera in 31.6% of patients. All anti-NMDAR autoantibody
positive patients had ≥2 positive results during confirmatory
tests (Euroimmun, The anti-Glutamate Receptor (type NMDA)
IIFT kit, FC112d1005-51). In the anti-LGI1 and in the anti-
Caspr2 positive patients, in all cases autoantibodies were present
only in sera, but not in the CSF with the exception of one patient
with anti-LGI1 and anti-Caspr2 antibody positivity detected in
both sera and CSF. In all anti-GABABR positive patients, we
detected antibodies both in sera and CSF (Table 1). The group
of 30 patients with definite AE, included 19 men (63.3%) and
11 women (36.7%) with a median age of 39.3 years (range: 1–75
years). Different sex ratios and median age were observed in the
different AE types (Table 1).

Clinical Features of AE Patients
Median time to diagnosis (onset of clinical symptoms until
positive autoantibody result) was 2 months (range 1–53 months).
The most common prodromal symptoms were fever or flu-like
symptoms (10/30, 33.3%), presenting mostly in anti-NMDAR
encephalitis (8/19, 42.1%). One anti-NMDAR patient had herpes
simplex virus (HSV) encephalitis confirmed by positive PCR in
the CSF, and NMDAR encephalitis developed about a month
after discharge from the hospital. Four additional patients

TABLE 1 | Demographic data and tested sample types in AE patients.

Autoimmune encephalitis anti-NMDAR anti-LGI1 anti-GABABR anti-Caspr2

(n = 30) (n = 19) (n = 6) (n = 3) (n = 3)

Age (range) 39.3 (1-75) 32.5 (1-75) 46.8 (3-65) 47 (16-67) 47.7 (3–72)

Sex (M/F) 19:11 11:8 5:1 2:1 2:1

Cured Complete recovery (n, %)* 20 (66.7%) 14 (73.7%) 4 (66.7%) 0 3 (100%)

Death (n, %) 3 (10%) 1 (5.3%) 1 (16.7%) 1 (33.3%) 0

Relapse (n, %) 1 (3.3%) 1 (5.3%) 0 0 0

Tested sample types

CSF-serum pairs (n, %) 20 (66.7%) 12 (63.2%) 4 (66.7%) 3 (100%) 2 (66.7%)

Only CSF (n, %) 2 (6.7%) 2 (10.5%) - - -

Only sera (n, %) 8 (26.7%) 5 (26.3%) 2 (33.3%) - 1 (33.3%)

*Complete recovery was defined as the proportion of AE patients with mRS score of 0 at the last visit following treatment (median: 33 months; range: 1–77).

M, male; F, female; NMDAR, N-methyl-D-aspartate receptor; LGI1, leucine-rich, glioma inactivated 1; GABABR, γ-aminobutyric acid receptor-B; Caspr2, contactin-associated protein-like

2, CSF, cerebrospinal fluid.
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with anti-NMDAR encephalitis had HSV IgM in the serum
(Supplementary Table 1).

The most common initial presentations were psychiatric
symptoms before the onset of neurologic dysfunction (17/30,
56.7%) (Supplementary Table 2): 11 patients with anti-
NMDAR, 3 patients with LGI1, 2 patients with GABABR
and 2 patients with Caspr2. During the disease course,
psychiatric symptoms were altogether present in 25/30
(83.3%) of AE patients. In our cohort, psychiatric symptoms
included the presence of one or more of the following: anxiety,
apathy, aggressiveness, agitation, depression, hypersexuality,
disorientation, visual/auditory hallucinations, behavioral
changes, cognitive deficit, psychomotor retardation/agitation,
catatonia, consciousness disorder, and mutism. The most
common psychiatric symptom was disorientation (14/30),
followed by visual/auditory hallucinations (7/30), psychomotor
retardation (7/30) and behavioral changes (6/30) (Figure 1A).
In pediatric cases (age < 10 years: Patient 13, 14, 18, and 30),
psychiatric symptoms included the presence of one or more of
the following: disorientation, behavioral changes and catatonia.

Other clinical features included seizures (22/30), memory loss
(15/30), insomnia (7/30), speech disorders such as dysarthria
or aphasia (5/30), status epilepticus (4/30) and ataxia (3/30).
Piloerection, cerebellar symptoms, neuropathy and skin rashes
occurred in singular cases, respectively. Involuntary movements,
such as dyskinesia, dystonia or choreoathetosis were the most
common in NMDAR encephalitis (9/19). Orofacial dyskinesia
was present in 6/19 anti-NMDAR positive patients accompanied
with hand dyskinesia in two patients. Dystonia occurred in two
patients with NMDAR encephalitis, and choreoathetosis was
observed in one NMDAR patient. Dysautonomia was present
in one anti-NMDAR positive patient. Hyponatraemia (5/6) and
faciobrachial dystonic seizures (3/6) were the most frequent in
the LGI1 patient group. Clinical features of the different types of
AE are summarized in Figure 1B.

Regarding associated tumors, eight cases (26.7%) were
observed: in three anti-NMDAR, three anti-GABABR, one
anti-LGI1 and one anti-Caspr2 patients. Five patients were
male (62.5%) and median age was 62.5 years (range: 16–72
years). The most common tumor type was lung carcinoma
(large cell lung carcinoma in one NMDAR patient and
small cell lung carcinoma in two GABABR patient). In most
cases (5/8, 62.5%), positive neuronal autoantibody test result
preceded the detection of associated tumor. Median time from
autoantibody positivity until detection of tumor was 15 months
(Supplementary Table 3).

Auxiliary Examinations of AE Patients
CSF was analyzed in 80% (24/30) of AE patients (Figure 2A).
Abnormal CSF findings, such as pleocytosis (white blood cell
count < 5 cells/mm3), the presence of oligoclonal bands (OCB),
increased protein level (> 450 mg/L) and/or elevated IgG index
(> 0.65) were observed in 13/24 of the tested AE patients.
The majority of patients with anti-NMDAR (8/15) and anti-
GABABR (2/3) had abnormal CSF results. Pleocytosis (2/15,
13.3%) and OCB (5/15, 33.3%) were detected exclusively in

NMDAR patients. Elevated IgG index was found in one anti-
NMDAR and one anti-GABABR patient. Altogether, increased
protein level was the most common abnormal CSF finding (9/24,
37.5%), accounting for all abnormal CSF cases in both the LGI1
and Caspr2 patient groups (Figure 2A).

We were able to evaluate EEG data in 29 patients.
EEG abnormalities were observed in 14/29 patients
(Supplementary Table 4). The most common abnormal EEG
findings were focal slowing (6/30) and interictal epileptiform
discharges (4/30) (Supplementary Figure 1).

Brain MRI examination was evaluated in 27 patients.
Abnormalities on brain MRI were observed in 14/27 patients
(Supplementary Table 5). Abnormal brain MRI results were
mainly unilateral or bilateral lesions in the insula/hippocampus
(13/30) (Figures 2B,C). In 7/14 (50%) of AE patients with
abnormal brain MRI results, follow-up brain MRI examinations
were conducted (median: 24months, range: 2–37months), which
revealed hippocampal sclerosis or cerebral atrophy in three anti-
LGI1 and two anti-NMDAR positive patients (5/7, 71.4% of
patients with follow-up brain MRI result).

Treatment and Outcomes
In 24/30 of AE patients, first-line immunotherapy was applied.
Most commonly methylprednisolone pulse was used in
combination with plasmapheresis (12/30). Other therapy
included only the use of methylprednisolone (4/30) or
in combination with intravenous immunoglobulin (5/30).
Combination of all three types of immunotherapy was
administered in 4/30 cases: three anti-NMDAR patients
(mRS 5 at admission) presenting with psychiatric symptoms,
seizures and involuntary movements, and one anti-LGI1
patient (mRS 3 at admission) with FBDS, hyponatraemia,
dysautonomia and insomnia required such combination. All
four AE patients had good outcome at the last visit (mRS 0).
In one case, plasmapheresis was applied alone. Most patients
(22/30, 73.3%) responded to the first-line therapy. Second-line
therapy was introduced with azathioprine or rituximab or with
the combination of the two in four cases with anti-NMDAR
encephalitis presenting with severe disability during admission
(mRS ≥ 4) and with no significant improvement to first-line
therapy (Supplementary Table 6). Azathioprin and/or rituximab
was continued as maintenance therapy in three out of these
four AE patients, due to residual symptoms (memory loss,
psychiatric symptoms). Antiepileptics were used exclusively
in 6/30 (20%) of AE patients, presenting predominantly with
seizures and showing good outcome at the last visit (mRS
median: 0; range: 0–1).

Introduction of immunotherapy was followed by at least one
repeated neuronal cell surface autoantibody test in 20/30 (66.7%)
of AE patients (median: 8.3 months, range: 1–47). Antibody
positivity persisted in 11/20 (55%) of repeatedly tested patients
(seven anti-NMDAR, three anti-GABABR and one anti-LGI1
encephalitis patients). The median hospital stay of AE patients
was 23 days. Patients were severely impaired on admission, with
a median mRS score of 4 (range 2–5). Most AE patients showed
significant improvement after treatment and 25/30 (83.3%)
achieved a good outcome (mRS≤ 2). Median follow-up duration
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FIGURE 1 | (A) Psychiatric symptoms of AE patients. The diagram shows the distribution of psychiatric symptoms among the 30 AE patients in our cohort. Most

common symptoms included disorientation, visual/auditory hallucinations, psychomotor retardation and behavioral changes. Frequency of rare psychiatric symptoms

such as anxiety, cognitive deficit, catatonia, apathy, hypersexuality, and mutism are included in “Other.” (B) Characteristic clinical symptoms of AE patients. The bars

show the frequency of different clinical features of AE patients. The diagram at the bottom shows that psychiatric symptoms and seizures were the most common in

the 30 AE patients in our cohort. The other diagrams indicate distribution of clinical features separately in different AE types. Different distribution of clinical symptoms

was observed in anti-LGI1 and anti-GABABR patients: in LGI1 encephalitis hyponatraemia and in GABABR encephalitis besides psychiatric symptoms memory loss

was among the most common symptoms.
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FIGURE 2 | (A) Composition of cerebrospinal fluid in AE patients. The bars demonstrate CSF analyses result of 24 AE patients from our cohort. At least one abnormal

CSF finding was found in 13 AE patients, most commonly in anti-NMDAR and anti-GABABR patients. Pleocytosis and OCB were detected only in NMDAR

encephalitis. (B) Brain MRI findings in AE patients. The diagram shows brain MRI result of 27 AE patients from our cohort. In 14 AE patients, abnormalities were found,

mainly in the form of unilateral or bilateral temporal hyperintensities. (C) Axial and coronal FLAIR brain images from patient 8 (cA, cB) and patient 24 (cC, cD). Patient 8

was a 75-year-old female patient, who had anti-NMDAR autoantibody positivity detected in CSF and had hyperintensity and contrast enhancement within bilateral

medial temporal lobes (cA-axial 3D FLAIR, cB-coronal T2 FLAIR). Patient 24 was a 50-year-old female patient, who had anti-LGI1 autoantibody positivity detected in

serum and had bilateral limbic encephalitis, dominant in the left temporal lobe, both on axial (cC) and coronal T2 FLAIR images (cD).
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was 33 months (range 1–77) (Table 2). Five patients had a mRS
≥ 3 at the last visit, including one patient with anti-NMDAR
and one patient with anti-GABABR who died of consequences of
associated lung tumor and one patient with anti-LGI1 who died
of deep vein thrombosis. One patient with anti-GABABR and
small cell lung cancer was bedridden and required continuous
nursing. One patient with anti-NMDAR had persistent cognitive
deficit and memory loss, requiring some help as being unable to
perform all previous activities. In our cohort, AE patients with
associated tumor (n = 8) had a significantly higher mRS score at
the time of the last visit (median: 2.5, range: 0–6) compared to AE
patients without tumor (n = 22; mRS at the last visit median: 0,
range: 0–3) (p= 0.045).

The rate of complete recovery in AE patients (follow-up
median: 33 months; range: 1–77 months), showed favorable
prognosis (20/30), with the highest rate in the anti-Caspr2 patient
group. Relapses were uncommon in AE patients (1/30): only one
male patient relapsed, whose anti-NMDAR positivity persisted in
CSF during repeated autoantibody tests (follow-up: 47 months;
number of autoantibody tests: 4). Death occurred in 3/30 of AE
patients (Table 1).

Comparison of AE Patients Based on Signs
of CNS Inflammation and Associated
Autoantibody Types
We analyzed the cohort based on the presence of CNS
inflammatory markers, i.e. CSF inflammatory changes and
brain MRI abnormalities. We defined CNS inflammation as
the presence of at least one of the CSF inflammatory markers,
such as pleocytosis (white blood cell count > 5 cells/mm3),
oligoclonal bands, elevated protein or IgG index and/or brain
MRI lesions suggestive of encephalitis (mesial temporal T2 signal
hyperintensity or signs of demyelination). CNS inflammation
was present in 19/30 patients (63.3%): both CSF and MRI
abnormalities were detected in 7/30 patients (23.3%), 6/30
patients (20%) had brain MRI lesions suggestive of encephalitis
without altered CSF findings, and 6/30 patients (20%) had
signs of inflammation in CSF, but no abnormal brain MRI
findings. In the remaining 11/30 cases, no changes indicating
CNS inflammation were detected. Table 2 shows a comparison
of clinical data of AE patients presenting with or without CNS
inflammatory markers. In the patient group with inflammatory
changes, age of onset was significantly higher (p = 0.024). No
significant differences in sex, frequency of tumor association,
time to diagnosis, prognosis and type of immunotherapy
were observed between AE patients with and without CNS
inflammatory markers.

We also analyzed AE patients based on the type of neuronal
autoantibodies (Table 2). Patients were classified as anti-
NMDAR positive and positive for other AE-related antibodies
(anti-LGI1, anti-GABABR, anti-Caspr2). NMDAR encephalitis
patients (n = 19) were in more severe condition at the onset of
the disease with significantly higher mRS score at the time of
diagnosis (median: 5, range: 2-5) compared to LGI1, GABABR
and Caspr2 encephalitis (n = 11; mRS score at the diagnosis
median: 3, range: 2–5) (p = 0.028). A trend of longer time

to diagnosis was observed in the non-NMDAR patient group
compared to NMDAR positive patients (p = 0.063). However,
in two LGI1-encephalitis cases, final diagnosis of AE was
retrospectively confirmed after the introduction of cell-based
assay in our laboratory in 2012. No significant differences were
found in sex, frequency of tumor association, prognosis and type
of immunotherapy between anti-NMDAR positive AE patients
and patients positive for other AE-related antibodies (anti-LGI1,
anti-GABABR, anti-Caspr2).

DISCUSSION

We aimed to examine the characteristics of AE including clinical,
laboratory, MRI features and outcome of AE in a Hungarian
cohort. In accordance with previous publications of other series
(6, 16–18), the most common autoimmune encephalitis type was
anti-NMDAR encephalitis, followed by anti-LGI1 encephalitis
(3, 19, 20). The study by Bien et al. (21) reported 576 antibody-
positive patients during testing of 10,919 patients for a broad
panel of neural antibodies, including onconeural and neuronal
cell surface autoantibodies. Our previous study (10) included
results of 60 neuronal cell surface autoantibody positive patients
(anti-NMDAR, anti-LGI1, anti-GABABR, anti-Caspr2, anti-
AMPAR1, 2) and our recent study exclusively included both
serologically (neuronal cell surface antibody positive, but not
onconeural autoantibody positive) and clinically positive definite
AE patients. The distinct results in autoantibody frequencies
detected in the two laboratories, may be due to the exclusive
inclusion of neuronal cell surface autoantibody positive AE
patients in our study, making it impossible to compare accurately
the data of autoantibody frequencies. In our cohort, the sex
ratio was close to equal, with NMDAR encephalitis occurring
slightly more frequently in men than women. Similar sex ratio
was observed in a cohort of Chinese AE patients (12), although,
published data claims that anti-NMDAR encephalitis affects
predominantly young women (median age, 21 years) (3, 22).
Dalmau et al. (3) reportedmale predominance in LGI1, GABABR
and Caspr2 encephalitis, which was also observed in our cohort,
although, the median age of our AE patients were 45–50
years compared to median values of 60–65 years in previous
publications (3, 23).

In 70–86% of anti-NMDAR encephalitis patients, prodromal
symptoms, such as headache, fever, nausea and vomiting were
present (19, 24, 25). In our cohort, HSV infection occurred in
one patient, who had secondary NMDAR encephalitis onemonth
after HSV encephalitis. Previous publications (26) have reported
HSV infection as being the most common viral trigger in AE
patients and a possible trigger of anti-NMDAR encephalitis.
The precise mechanism of HSV triggered AE is not clearly
defined. Molecular mimicry or breakdown of immunological
tolerance may be in the background (27). It has been stated
that the most common symptoms of AE are psychiatric
symptoms, seizures, involuntary movements, memory loss and
sleep disorders (23). Besides these characteristic features, some
rare manifestations, such as piloerection also emphasized in a
systematic review and related to LGI1 encephalitis (28), cerebellar
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TABLE 2 | Comparison of AE patients regarding the presence of CNS inflammation and associated autoantibody type.

Variables With CNS

inflammation

Without CNS

inflammation

anti-NMDAR

encephalitis

anti-LGI1, anti-GABABR,

anti-Caspr2 encephalitis

(n = 19) (n = 11) (n = 19) (n = 11)

Age (range) 54 (16-75) 17 (1-70) 32.5 (1-75) 58 (3-72)

Male (n, %) 14 (73.7%) 5 (45.5%) 11 (57.9%) 8 (72.7%)

Tumor (n, %) 6 (31.6%) 2 (18.9%) 3 (15.8%) 5 (45.5%)

Diagnostic delay (median, months) 3 1 1 5

mRS at diagnosis (median) 3 5 5 3

mRS at last visit (median) 0 0 0 0

Status at Last Visit

mRS 0–2 (n, %) 15 (78.9%) 10 (90.9%) 17 (89.5%) 8 (72.7%)

mRS 3-6 (n, %) 4 (21.1%) 1 (9.1%) 2 (10.5%) 3 (27.3%)

Immunotherapy

Only steroid (n, %) 3 (15.8%) 1 (9.1%) 3 (15.8%) 1 (9.1%)

Steroid+IVIG (n, %) 0 2 (18.9%) 1 (5.3%) 1 (9.1%)

Steroid+PE (n, %) 10 (52.6%) 2 (18.9%) 5 26.3%) 5 (45.5%)

Steroid+IVIG+PE (n, %) 1 (5.3%) 3 (27.3%) 1 (5.3%) 1 (9.1%)

Second-line therapy (n, %) 2 (10.5%) 2 (18.9%) 4 (21.1%) 0

CNS inflammation was defined as the presence of at least one of the CSF inflammatory markers, such as pleocytosis (white blood cell count <5cells/mm3), oligoclonal bands, elevated

protein or IgG index and/or brain MRI lesions suggestive of encephalitis (mesial temporal T2 hypersignal or signs of demyelination).

CNS, central nervous system; NMDAR, N-methyl-D-aspartate receptor; LGI1, leucine-rich, glioma inactivated 1; GABABR, γ-aminobutyric acid receptor-B; Caspr2, contactin-associated

protein-like 2; mRS, modified Rankin scale score; IVIG, intravenous immunoglobulin; PE, plasmapheresis.

symptoms, neuropathy and skin rashes were also observed in
our cohort. Previous publications have reported of FBDS as
a typical symptom of anti-LGI1 encephalitis, often occurring
a few weeks before onset of cognitive deficit in 26–71% of
patients (20). In a retrospective study in the UK (29), 77%
(20/26) of anti-LGI1 encephalitis patients experienced FBDS
prior to the development of limbic encephalitis and found that
early immunotherapy for FBDS might prevent progression to
cognitive impairment. A prospective study of nine patients with
anti-LGI1 encephalitis also revealed the beneficial effect of early
immunotherapy (30). In our cohort of AE patients, FBDS was
exclusively present in the LGI1 encephalitis patients with a lower
prevalence (50%) compared to previous publications. Besides
FBDS, hyponatraemia was also predominant in this group.

Examination of CSF has an important role in diagnosis, as
the presence of pleocytosis is included in the diagnostic criteria
for AE (7), although AE associated with autoantibodies against
LGI1 and Caspr2 sometimes lack signs of inflammation in the
CSF. The study of Hébert et al. (31) reported prevalence of
CSF inflammatory markers, including elevated white blood cell
count, elevated protein concentration and OCB in 95 patients
with early active AE. Similarly to our study, where 46% of AE
patients had normal CSF results upon testing, in the cohort
of Hébert et al. 44% of AE patients lacked CSF pleocytosis,
27% of patients, in addition to the lack of CSF pleocytosis, had
normal protein concentration in the CSF and 14% of AE patients,
besides the mentioned two CSF parameters, lacked OCB. In
a retrospective study of anti-LGI1 encephalitis patients (32),
CSF pleocytosis was identified in 23% of patients. Meanwhile,
NMDAR and GABABR encephalitis are frequently associated
with CSF inflammatory changes, such as pleocytosis and/or the

presence of OCB (33–35). In a cohort of 100 patients with
anti-NMDAR encephalitis (24) abnormal CSF findings were
described in 95% of patients, including CSF pleocytosis in 91%,
increased total protein levels in 32% and OCB in 66.7% of anti-
NMDAR patients. In a study analyzing clinical data of 44 anti-
NMDAR encephalitis patients (36), reported CSF pleocytosis in
68% of patients, OCB was present in altogether 52% of patients
during disease course. These findings were also observed in our
study, where in anti-LGI1 and anti-Caspr2 positive patients,
mainly normal CSF results were found, or increased total protein
levels were detected in a few cases. In contrast with previous
publications (35), CSF pleocytosis and OCB were exclusively
detected in NMDAR patients. Other abnormal CSF findings,
such as elevated IgG index and/or increased total protein levels
were detected in the GABABR patient group. Data of prevalence
of tumor association was also confirmed in our study, where
75% of AE patients presenting with tumor were anti-NMDAR
and anti-GABABR positive. Ovarian teratoma is considered the
most frequent tumor in anti-NMDAR encephalitis (6), but no
association was found in our cohort. In a Chinese series, it was
also rare and was only found in 2/72 patients (12). In GABABR
encephalitis, the dominant tumor type was small cell lung cancer,
occurring in 66.7% of anti-GABABR positive patients, which is in
agreement with the findings of Hermetter et al. (6).

Most AE patients in our study showed favorable prognosis.
In our cohort, the rate of complete recovery (66.7%) was slightly
lower and death rate (10%) was mildly higher compared to data
published by Deng et al. (complete recovery: 81.3%, death rate:
6%) (12). In our cohort, relapses occurred exclusively among
anti-NMDAR patients (1/19, 5.3% of anti-NMDAR patients).
In a cohort of Chinese patients, relapses were also uncommon,
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occurring in 7/86 (8.1%) AE patients, mainly affecting NMDAR
patients (5/72, 6.9% of anti-NMDAR patients) (12). However,
in a cohort of Argentine AE patients 25% of anti-NMDAR
patients had relapses, but relapses also occurred in 25% of
anti-LGI1 patients (15). Majority of the patients received first-
line immunotherapy, steroid solely, or in combination with
intravenous immunoglobulin or plasmapheresis, which had a
good curative effect in most AE patients.

In 63.3% of AE patients in our cohort, signs of inflammation
were detected in CSF and/or brain MRI, but no significant
correlation was found between inflammatory markers and
prognosis. In the study of Escudero et al. (8) a retrospective
clinical analysis was conducted in 155 neuronal cell surface
autoantibody positive patients with ≥ 60 years of age, but no
brain MRI and CSF inflammatory changes were observed. In the
cohort of Escudero et al. the most common autoantibody type
was anti-LGI1 and the frequency of patients without evidence
of CNS inflammation ranged from 25% (LGI1 antibodies) to 7%
(GABABR antibodies). Escudero et al. reported higher frequency
of non-inflammatory profile in anti-LGI1 patients ≥ 60 years of
age (25%), compared to younger patients (age < 60 years; 3%).
In our study we also reported an overall significantly higher age
of onset in AE patients presenting with inflammatory changes.
Direct neuronal dysfunction caused by autoantibodies besides
inflammatory infiltrates and blood–brain barrier abnormalities
may explain this observation (37). Previous publications have
found association of CSF changes with worse outcome (38, 39),
although early CSF and brain MRI abnormalities did not show a
strong correlation with disease outcome (40).

In conclusion, characteristics of AE in our Hungarian
multicenter retrospective study are in agreement with previous
findings. Anti-NMDAR patients presented with more severe
disability at admission compared to anti-LGI1, anti-GABABR
and anti-Caspr2 encephalitis. Presence of tumor was associated
with worse outcome in AE patients compared to those patients
without cancer. However, none of the anti-NMDAR encephalitis
female patients had ovarian teratoma. Thirty seven percent of
patients lacked presence of both CSF inflammatory markers
and brain MRI abnormalities. This observation, in addition to
the role of auxiliary examinations (CSF analysis, EEG, brain
MRI), emphasizes the importance of clinical presentation and
autoantibody testing in diagnostic workflow. Our findings also
highlight the significance of early introduction of first-line
immunotherapy that resulted in favorable outcome in most AE
patients in our cohort.

Our study is limited due to the retrospective data collection
performed by clinicians using an online questionnaire, which
may result in inadequate accuracy during reporting. The study
design precludes the ability to address characteristics of AE
that were not directly questioned or consistently recognized (for
example, among sleep dysfunctions exclusively the data regarding
the presence of insomnia was collected). In our study, due to
the low number of pediatric cases with age < 10 years (four
cases), we could not confidently determine characteristics of
pediatric patients. Although, the study has modest sample size, it

summarizes detailed clinical data of 35 neuronal surface antibody
positive patients from the 60 patients with positive autoantibody
test results (Ntotal = 1,034 patients with suspected AE) from
2012 through 2018 in Hungary published in our previous study
(10). Our data confirms results of previous publications and
further clarifies clinical data of AE patients with neuronal cell
surface autoantibodies.
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The aim of this retrospective study was to derive and validate a reliable nomogram

for predicting prognosis of autoimmune encephalitis (AE). A multi-center retrospective

study was conducted in four hospitals in China, using a random split-sample method

to allocate 173 patients into either a training (n = 126) or validation (n = 47) dataset.

Demographic, radiographic and therapeutic presentation, combined with clinical features

were collected. A modified Rankin Scale (mRS) at discharge was the principal outcome

variable. A backward-stepwise approach based on the Akaike information criterion was

used to test predictors and construct the final, parsimoniousmodel. Multivariable analysis

was conducted using logistic regression to develop a prognosis model and validate a

nomogram using an independent dataset. The performance of the model was assessed

using receiver operating characteristic curves and a Hosmer-Lemeshow test. The final

nomogram model considered age, viral prodrome, consciousness impairment, memory

dysfunction and autonomic dysfunction as predictors. Model validations displayed a

good level of discrimination in the validation set: area under the Receiver operator

characteristic curve = 0.72 (95% Confidence Interval: 0.56–0.88), Hosmer–Lemeshow

analysis suggesting good calibration (chi-square: 10.33; p = 0.41). The proposed

nomogram demonstrated considerable potential for clinical utility in prediction of

prognosis in autoimmune encephalitis.

Keywords: nomogram, autoimmune encephalitis, prognosis, modified Rankin Scale, prediction

INTRODUCTION

Autoimmune encephalitis (AE) comprises a heterogeneous group of acute or subacute encephalitic
syndromes caused by an autoimmune etiology, rather than traditional infectious pathogenesis,
characterized by prominent neuropsychiatric symptoms (1). Autoantibodies related to AE
include those directed against N-methyl-D-aspartate receptor (NMDAR), leucine-rich glioma
inactivated 1 (LGI1), γ-aminobutyric acid receptor-B (GABAbR), and contactin-associated
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protein like 2 (CASPR2), etc. (2). Typical clinical manifestations
include seizures, psychiatric and behavioral disorders,
disturbances in consciousness, movement abnormalities,
autonomic disorders, and memory and cognitive deficits
(3). While ∼80% of patients with AE recover well following
immunotherapy, there is still a percentage of patients that do
not respond to these therapies, and the case mortality rate
of subtype of AE is between 2.9 and 10% (4–6). Therefore,
it becomes particularly important to pursue early evaluation
of prognosis, which enables a more focused management of
complications, including conditions causing serious illness
that require intensive care (7). Understanding which factors
influence prognosis is required to provide an informative
perspective on personalized patient care. Patients with poor
prognosis should receive early intervention (8, 9). In contrast,
overtreatment in patients with good prognosis could lead to
potential harm and more substantial medical costs. Several
well-defined factors such as consciousness impairment have
been demonstrated to influence response to immunotherapy in
AE (10). A straightforward prognosis model based on clinical
and biologic features of patients with AE enables potentially
benefit to select appropriate treatment. Predicting positive
immunotherapeutic response justifies expedited implementation
of immunotherapy potentially improving neurologic dysfunction
(11, 12). At present, several prognostic models (13–15) have been
constructed to identify predictors associated with prognosis in
AE. However, some of them are restricted to one single subtype,
and some of them include a relatively high number of existing
variables, which hinders the practical usage and further clinical
application. Integration of various prognostic factors into a
nomogram is considered a simple-to-implement visualization
tool for implementation of individual predictions. However,
till now, nomograms for the prognosis of AE have not been
clearly characterized. Additional development is required to
accurately predict individual risk of poor prognosis for AE based
on a nomogram.

The present study aimed to develop and validate a
prognostic nomogram for AE patients using an independent
set of patient data. We hypothesized that factors identified as
predictors of poor prognosis could be discretely visualized using
a nomogram.

MATERIALS AND METHODS

Study Design and Participants
The present investigation was a multicenter retrospective study
of AE patients. Medical records of patients were collected
from Beijing Tiantan Hospital, Henan Provincial People’s
Hospital, the First Affiliated Hospital of Zhengzhou University
and Lanzhou University Second Hospital. The study was
reviewed and approved by the local ethics committee within
each center.

Data Collection
Inclusion criterion: (1) patients with an initial diagnosis of AE
who accepted inpatient treatment from May 2012 to May 2018.
The basis of diagnosis was based on the clinical diagnostic

criteria for AE, as suggested by Mittal and Graus in 2016
(16); (2) received first-line immunotherapy during the inpatient
stay, including corticosteroids, intravenous immunoglobulins
(IVIG), or plasma exchange. The following exclusion criteria was
implemented: (1) negative antibody testing both in serum and
CSF; (2) having another autoimmune disease; (3) incomplete
clinical data; (4) modified Rankin Scale (mRS) > 0 before the
onset of disease.

Neurological outcomes were evaluated using mRS (17).
According to mRS score at discharge, patients were divided
onto one of two groups: patients with an mRS ≤ 2, defined
as “good prognosis,” representing a continuum of function
without disability (mRS 0) to slight disability but able to live
independently (mRS 2). Conversely, “poor prognosis” (defined
as mRS > 2) spanned a range from moderate disability
requiring help for entirely independent living but able to walk
independently (mRS 3), to severe disability, being bed bound
and fully dependent on continuous nursing care (mRS 5) and
death (mRS 6).

The association between the following factors and functional
status at discharge was analyzed: (1) demographics (sex and
age); (2) clinical AE signs (viral prodrome including fever,
headache, respiratory tract infection and infection of digestive
canal, consciousness impairment, behavioral changes, memory
dysfunction, speech disorders, sleep dysfunction, seizures,
autonomic dysfunction and movement disorders); (3) laboratory
and radiographic findings (CSF protein, white blood cell
(WBC) count and abnormal cranial magnetic resonance imaging
(MRI) findings); (4) other clinical features [diagnosis of tumor,
immunotherapy latency (the time interval from onset to the
initiation of immunotherapy)]. MRI scans were classified as
abnormal based on T2 or fluid-attenuated inversion recovery
(FLAIR) hyperintensity in one or both medial temporal lobes,
multiple inflammation or demyelination involving gray and
white matter (16).

Sample Size
In prediction studies, sample size was strongly dependent on the
number of outcome events. According to a number of empirical
investigations (18), at least 10 outcome events per variable (EPV)
were acquired. In the present study, sample size and the numbers
of events approximately followed the minimum required and
thus provided sufficient power.

Statistical Analysis
All data were analyzed statistically in R version 3.6.1 and
STATA version 15.0. The caret R package (19) was used to
extract training and validation datasets from samples identified
as positive based on a probability of 3:1 and seed set to 123 to
ensure consistency of results. The training set was used for model
building, while the test set was used for evaluation. Univariate
binary logistic regression models were performed to assess
independent predictors of poor prognosis in AE. Continuous
data was summarized using median (quartiles), and categorical
data as numbers (percentages). Chi-square analysis or Fisher
exact test was used for univariate analysis. Those factors that
had a P-value < 0.3 were included in multivariable logistic
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FIGURE 1 | Numbers of participants enrolled and outcomes in the training and validation data sets.

regression analysis, and the training dataset was used to develop
the prognostic models for the multivariable logistic regression.
Nonsignificant variables were eliminated in a stepwise fashion.
The final model minimized the score with an Akaike information
criterion (AIC) (20) having fewest variables. The nomogram was
derived from the results of multivariate logistic analysis using R.

In the nomogram, the regression coefficients of all
independent variables were used to determine the proportion
of scores, and a score level was assigned for each independent
variable. For each patient, the nomogram helped estimate the
total score and then predict the probability of poor prognosis.
Put it another way, the vertical projection of the points on
the axis corresponds to a single score. Then, sum the points
received for each variable, and locate the number on the “Total
Points” axis. Each patient is given a score, the higher the score
the poorer the prognosis. The nomogram created based on the
training dataset was used for calculation of outcome probability
in the validation dataset. The prediction model was subsequently
assessed based on nomogram discrimination and calibration
using the validation set. Discrimination was assessed by partial
area under the receiver-operator characteristic (ROC) curve and
calibration was ensured through a Hosmer–Lemeshow (HL)
goodness-of-fit test. Data were presented as adjusted odds ratios
(ORs) with 95% confidence intervals (CIs). A two-sided p-value
of <0.05 was deemed significant.

RESULTS

A total of 426 patients fulfilling all eligibility criteria (Figure 1)
were assessed. After exclusion of ineligible patients, 173 subjects

were included in the final analysis, including 92 men (53.2%) and
81 women (46.8%), with a median age of 36.3 years (range: 2.5–
84years). As we have shown in Figure 2, the inner ring around
the pie chart showed the distribution of the subtype of AE, and
the outer ring depicted the percentage distribution of good and
poor outcome in each category (Figure 2). Obviously, NMDAR
encephalitis had the largest proportion of all AE patients (74%)
and all four categories the proportion of patients with favorable
outcome was larger than those with unfavorable outcome. Of the
173 patients, viral prodromal symptoms were found in 53.8%
individuals, consisting of headache, fever, upper respiratory tract
symptoms or diarrhea. Twenty-four percent of patients had
depressed levels of consciousness. Autonomic dysfunction was
observed in 17.3%. Memory dysfunction accounted for 41.6% of
cases. At discharge, 63.6% of patients had a mRS score > 2.

Finally, all of the patients were randomly assigned to the
training (n = 126) or validation cohort (n = 47). Data from
training cohort were used to build the nomogram, and validation
cohort to assess model performance. The proportion of patients
with poor prognosis in the training and validation datasets was
36.5 and 36.2%, respectively. Randomization was successful with
no statistically significant differences in any parameters of the two
datasets (Table 1). In the training data set, the median age was
36.7 years (range: 2.5–84 years), 42.1% had cognitive impairment,
55.6% had vital prodrome, 24.6% had consciousness impairment
and 19.0% had autonomic dysfunction.

Table 2 indicates associations between each predictor and
poor prognosis for the training dataset. All analyzed factors
demonstrated a P < 0.3 in univariate analysis were included
in the multivariate analysis. As shown in Table 3, after
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FIGURE 2 | Percentage of prognosis of subtype of AE.

variable selection, only five were identified in the final
multivariable prediction model, including age, viral prodrome,
memory dysfunction, consciousness impairment, and autonomic
dysfunction. As mentioned in method section, our model has
five predictor variables, so the number of events would be a
minimum sample of 50. The actual number of outcome events
in present study was 46, which was within the acceptable
range. Consciousness impairment was found to be a significant
independent predictor of poor prognosis (p = 0.003). Hence, a
model incorporating these five characteristics was developed and
visualized as a nomogram (Figure 3); based on the nomogram,
we first scored each variable based on the top scale of the
nomogram and then summed the points of each factor. The
total score ranging from 0 to 300 was used to predict the risk of
poor prognosis. The predicted probability was estimated for each
object and ranged from 10 to 80%.

We then tested the performance of the model. All evaluations
were performed on the test subset data. We assessed the

predictive performance of the model using ROC curves. The area
under the ROC curve was 0.75 (95% CI: 0.66–0.84) (Figure 4)
in the training datasets, indicating good discriminatory of the
model. The calibration curve for the nomogram-predicted
probability of poor prognosis revealed a favorable agreement
between predicted and actual outcomes (Figure 5). The
Hosmer-Lemeshow χ2 statistic was 8.42 (P = 0.59) in the
training dataset.

We next performed validation for the nomogram using the
validation set. Here, we applied the resulting model constructed
in the training set to calculate the individual probability of poor
prognosis. The model showed a good discrimination in the test
set (AUC = 0.72, 95% CI: 0.56–0.88) as well as in the entire
dataset (AUC = 0.74, 95% CI: 0.66–0.82) (Figure 4). Validation
of the calibration curve exhibited good concordance between
the nomogram predictions and actual observations [the Hosmer-
Lemeshow χ2 statistic was 10.33 (P = 0.41)], indicating an
excellent fit of the model with the data (Figure 5).
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TABLE 1 | Summary of study variables stratified by data set.

Dataset

Variable Training Testing P-value

Sample size 126 (72.8) 47 (27.2) NA

Male gender 68 (54.0) 24 (51.1) 0.74

Age, yr 36.7 ± 18.6 35.3 ± 19.4 0.68

Antibodies 0.91

NMDAR 91 (72.2) 37 (78.7)

LGI1 13 (10.3) 4 (8.5)

GABAbR 14 (11.1) 4 (8.5)

CASPR2 8 (6.3) 2 (4.3)

Viral prodrome 70 (55.6) 23 (48.9) 0.49

Memory dysfunction 53 (42.1) 19 (40.4) 0.86

Speech disorders 31 (24.6) 11 (23.4) 0.87

Behavioral changes 79 (62.7) 31 (66.0) 0.73

Seizures 78 (61.9) 30 (63.8) 0.86

Consciousness impairment 31 (24.6) 11 (23.4) 0.87

Sleep dysfunction 22 (17.5) 13 (27.7) 0.14

Movement disorder 42 (33.3) 11 (23.4) 0.27

Autonomic dysfunction 24 (19.0) 6 (12.8) 0.38

CSF WBC count (>20 cell/µL) 50 (39.7) 18 (38.3) 0.87

CSF protein (>30 mg/dL) 65 (51.6) 24 (51.1) 0.95

Abnormal MRI 87 (69.0) 34 (72.3) 0.71

Tumor 9 (7.1) 5 (10.6) 0.53

Immunotherapy latency (>4 wk) 61 (48.4) 21 (44.7) 0.73

Outcome (mRS >2) 46 (36.5) 17 (36.2) 0.97

Data presented as n (%) or mean ± standard deviation.

NA, not applicable; NMDAR, N-methyl-D-aspartate receptor; LGI1, leucine-rich glioma

inactivated 1; GABAbR, γ-aminobutyric acid receptor-B; CASPR2, contactin-associated

protein like 2; CSF, cerebrospinal fluid; WBC, white blood cell; MRI, magnetic resonance

imaging; mRS, modified Rankin Scale.

Continuous variables were compared usingMannWhitney U test and categorical variables

were compared using Fisher’s exact test.

DISCUSSION

The primary goals of the study were: (1) to develop early
predictive model which distinguished poor from good prognosis
of patients with AE using a nomogram; and (2) to evaluate
nomogram performance using patient-level independent data.
We assumed that a set of variables can be recognized through
the multivariable regression models and that the simple
nomogram based on these predictors had an adequate ability of
discrimination and calibration.

In this study, we identified age, viral prodrome, consciousness
impairment, memory dysfunction and autonomic dysfunction
for predicting poor prognosis of AE at discharge using a
multivariable regression model. A nomogram was developed
incorporating these predictors presenting both favorable
discrimination and adequate calibration.

We found that elderly patients were more likely to have
poor prognosis than younger individuals. In previous studies
(9, 21), improvement in symptoms of AE after a course of
treatment was also shown to be age-related. Multiple organ

TABLE 2 | Results of univariate binary logistic regression analysis of study

variables vs. mRS for training dataset.

mRS score

Variable ≤2 (n = 80) >2 (n = 46) P-value

Male gender 46 (57%) 22 (48%) 0.35

Age, yr 33.73 (17.78) 41.74 (19.07) 0.02

Antibodies 0.98

NMDAR 57 (71%) 34 (74%)

LGI1 9 (11%) 4 (9%)

GABAbR 9 (11%) 5 (11%)

CASPR2 5 (6%) 3 (7%)

Viral prodrome 41 (51%) 29 (63%) 0.26

Memory dysfunction 30 (38%) 23 (50%) 0.19

Speech disorders 20 (25%) 11 (24%) 0.89

Behavioral changes 46 (57%) 33 (72%) 0.13

Seizures 50 (63%) 28 (61%) 0.85

Consciousness impairment 12 (15%) 19 (41%) <0.01

Sleep dysfunction 12 (15%) 10 (22%) 0.34

Movement disorder 24 (30%) 18 (39%) 0.33

Autonomic dysfunction 9 (11%) 15 (33%) <0.01

CSF WBC count (>20 cell/µL) 27 (34%) 23 (50%) 0.09

CSF protein (>30 mg/dL) 39 (49%) 26 (57%) 0.46

Abnormal MRI 51 (64%) 36 (78%) 0.11

Tumor 4 (5%) 5 (11%) 0.29

Immunotherapy latency (>4 wk) 36 (45%) 25 (54%) 0.36

Data presented as n (%) or mean ± standard deviation.

NA, not applicable; mRS, modified Rankin Scale; NMDAR, N-methyl-D-aspartate

receptor; LGI1, leucine-rich glioma inactivated 1; GABAbR, γ-aminobutyric acid receptor-

B; CASPR2, contactin-associated protein like 2; CSF, cerebrospinal fluid; WBC, white

blood cell; MRI, magnetic resonance imaging.

Univariate binary logistic regression analysis was conducted using either the Fisher exact

test or Mann-Whitney U-test; the P-value was derived from bivariate association analyses

between each study variables and the mRS score.

dysfunction combined with other systemic diseases in elderly
people may account for this phenomenon. In addition, delays
in time to diagnosis and treatment occurred more frequently
in older patients (21). Besides, immunotherapies aim to combat
immunosuppression or stimulate adaptive immune response, but
elderly people generally respond less well to immunotherapy.
Memory disorder was a common sequela of AE (22), and its
occurrence at an early state of illness was classified as a predictor
in our study. We did not find any other studies that indicated
that early decrease in memory is associated with poor prognosis
in AE patients. Potentially, this could be attributed to the fact
that several previous studies see memory loss as an outcome
variable, rather than as an influencing factor contributes to mRS
score (10). In the present study, we were surprised to find that
viral prodrome was linked with worse outcomes. Two factors
may explain these relationships. A case report (23) indicated
two patients who were firstly diagnosed with herpes simplex
encephalitis but then confirmed as anti-NMDAR encephalitis.
This observation demonstrated that prodromal symptoms may
contribute to the inflammatory response to viral infection.
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Besides this, it is possible that prodromal symptoms result
from an early immune response (24). Consistent with other
studies (25, 26), our research demonstrated that consciousness
impairment was also a strong predictor of poor prognosis.
A change in the state of consciousness is the most common
cause for patients with AE to be admitted to intensive care
unit (ICU) (27). In addition, unconscious patients have a worse
prognosis probably because of life-threatening complications,
such as pneumonia or multiple organ dysfunction syndrome.
Autonomic dysfunction is regarded as a disease-specific risk
factor and predictor of worse outcome for AE patients, similar
to the results of a previous study (15). One hypothesis that
can explain such a result is that autonomic dysfunction

triggers further intensive care-associated complications such
as persistent hypotension or respiratory failure, requiring
intubation and mechanical ventilation, even translating into
ventilator-associated pneumonia. However, inconsistent with
the earlier findings (10), there were no statistically significant
correlations between immunotherapy latency and the short-
term prognosis, presumably as a result of the small number
of cases.

The nomogram, which provides a more individualized
prediction, is a statistical tool to graphically illuminate the
regression model. A nomogram for assessment of prognosis
was developed and integrated using a variety of variables. This
enables users to estimate the probability of poor prognosis more

FIGURE 3 | Nomogram to estimate the probability of poor prognosis in AE. A nomogram for poor prognosis prediction was developed and integrated with the

predictors. Find the predictor points on the upper most point score that correspond to each patient variable and sum them. The total points projected to the bottom

score indicate the percentage of probability of poor prognosis. For example, a 20-year-old male patient with memory dysfunction, consciousness impairment,

autonomic dysfunction and no viral prodrome would have a score of 162.5 (22.5 + 27.5 + 70 + 42.5), corresponding to an 65% probability of poor prognosis.
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TABLE 3 | Predictors for poor prognosis in final regression model for training data

set.

Intercept and

variable

β Coefficient OR (95% CI) P-value

Intercept −2.653 NA NA

memory

dysfunction

0.578 1.782 (0.754–4.214) 0.188

Age, mean (SD), yr 0.022 1.023 (0.999–1.047) 0.065

Consciousness

impairment

1.425 4.157 (1.623–10.645) 0.003

Autonomic

dysfunction

0.889 2.433 (0.872–6.792) 0.09

Viral prodrome 0.799 2.223 (0.941–5.253) 0.069

Area under ROC

curve

Training data set 0.76 (0.67–0.84)

Validation data set 0.72 (0.56–0.88)

AE, autoimmune encephalitis; CI, confidence interval; NA, not applicable; OR, odds ratio;

ROC, receiver operating characteristic.

FIGURE 4 | Receiver operating characteristic (ROC) curves of the nomograms

in the training data set, validation data set and all data. The nomogram had

good discriminative power with an area under the ROC curve of 0.75 (95% CI:

0.66–0.84), 0.72 (95% CI: 0.56–0.88) and 0.74 (95% CI: 0.66–0.82) in the

training data set, validation data set and all data, respectively.

accurately. Our nomogram has some notable strengths. This is
to our knowledge the first time that a nomogram based on a
multicenter dataset has been constructed to effectively predict the
prognosis of patients with AE. This nomogram is based only on
age and clinical presentation, so other factors such as ancillary
examinations are not required to guide model building. This
makes our nomogram are easily accessible and simple to integrate
into daily clinical practice for patients during the early in-hospital
phase. Moreover, the model exhibited good predictive capability
in both the training and validation sets.

FIGURE 5 | The calibration curve of nomogram for predicting poor prognosis

in the validation (p = 0.41) dataset. The calibration focused on the accuracy of

the absolute risk prediction of the model (i.e., the consistency between the

probability of poor prognosis predicted by the model and that actually

observed). The y-axis represents the actual rate of poor prognosis. The x-axis

represents the predicted probability of poor prognosis. For a nomogram with

better calibration, the scatter points should be arranged along a 45◦ diagonal

line. The Hosmer-Lemeshow goodness-of-fit test is often used to compare

whether significant differences exist between the prediction probability and the

actual occurrence, with p > 0.05 indicating no statistically significant

difference, and the calibration of the model was good.

We recognized that the mRS score at discharge could
not represent long-term prognosis, because patients might
experience a change in functional status between discharge
and long-term outcomes. Assessment at discharge offers a brief
snapshot in time allowing clinicians to gauge whether the
clinical treatment in hospitalization is effective. Our study helps
physicians choose patients who probably receive poor prognosis
at discharge, and promote them to give early immunotherapy and
intensive monitoring to these patients.

The present study had following limitations. Firstly, the results
might be too population-specific because antibody-negative
AE were not included. Secondly, in this retrospective study,
clinical outcomes were based on physician reports documented
in the medical records. Therefore, there was also possible
information bias.

CONCLUSION

We demonstrated that age, viral prodrome, consciousness
impairment, memory dysfunction and autonomic dysfunction
were significant predictors for poor prognosis of AE at discharge
using a multivariable regression model. The nomogram, deriving
from the model, could accurately predict prognosis in patients
with AE graphically and provided a personalized outlook. Our
study creates a novel model to pick up patients who probably
receive poor prognosis and allows physicians to provide a tailored
clinical therapeutic regimen for each patient. Precision medicine
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for AE patients would lead to favorable prognosis and save their
medical cost.
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Objective: The prevalence of multiple sclerosis (MS) in China is low, although it has

been increasing recently. Owing to the paucity of data on immunotherapy acceptance

in the Chinese population, we conducted this study to analyze factors affecting the

acceptance of immunotherapy and selection of disease-modifying therapies (DMTs)

based on personal and clinical data of patients with MS.

Methods: In this study, data were obtained from the Multiple Sclerosis Patient Survival

Report 2018, which was the first national survey of patients with MS in China. There were

1,212 patients with MS from 31 provinces who were treated at 49 Chinese hospitals

over a 4-month period from May 2018 to August 2018, and the patients were asked to

complete online questionnaires to assess their understanding of the disease.
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Results: In general, highly educated patients with frequent relapses were more willing

to receive treatment regardless of DMTs or other immunotherapy, and patients with more

understanding of the disease opted to be treated. Younger patient population, patients

with severe disease course, and those with more symptoms were likely to choose the

treatment. Moreover, a higher proportion of women chose to be treated with DMTs than

with other immunotherapies.

Conclusions: Education status and patient awareness of the disease impact the

treatment acceptance in Chinese patients with MS. Therefore, we call for improving the

awareness of MS disease and social security to help patients to improve their quality

of life.

Keywords: multiple sclerosis, multicenter study, disease-modifying therapies, immunosuppressive drug, drug

selection

INTRODUCTION

Idiopathic inflammatory demyelinating diseases (IIDDs)
constitute a group of disorders, such as multiple sclerosis
(MS) and neuromyelitis optica spectrum disorder (NMOSD),

characterized by inflammatory lesions that are associated with
loss of myelin and eventually axonal damage. MS, as the most
studied subgroup of IIDDs, affects more than 2.8 million people
worldwide (1). It is a leading cause of disability among young
adults and has a poor prognosis, with about half the patients

requiring permanent use of a wheelchair at 25 years after
diagnosis (2). MS has four distinct subtypes, namely, clinically
isolated syndrome (CIS), relapsing remitting MS (RRMS),
secondary progressive MS (SPMS), and primary progressive
MS (PPMS) (3). To date, since the introduction of the first
immunomodulating interferon-β-1b in 1993, the United States

Food and Drug Administration (US FDA) has approved a total
of 15 disease-modifying therapies (DMTs) for the treatment of
MS (4). The DMTs include subcutaneous injection medications
[interferon-β-1b, interferon-β-1a (two formulations), peg-

interferon-β-1a, and glatiramer acetate], intravenous injection
medications (alemtuzumab, natalizumab, ocrelizumab, and
mitoxantrone), and oral medications [ozanimod, dimethyl
fumarate (two formulations), cladribine, siponimod, fingolimod,
and teriflunomide]. In the past 20 years, disease-modifying
therapy (DMT) has been proposed to modify the disease course,
reduce relapses, slow the course of disability progression,
manage ongoing symptoms, and restore the quality of life
with a favorable safety and efficacy profile for patients with
MS (5).

NMOSD was long believed to be an aggressive form of MS,
but with the in-depth understanding of the pathogenesis, serum
and cerebrospinal fluid detection, especially the detection of
aquaporin-4 antibody, and magnetic resonance imaging features
have been widely used to distinguish the two diseases. In China,
epidemiological data indicated that the ratio of annual incident
cases of MS to NMOSD was 1:1.2 (6), and the incidence
of NMOSD per 100,000 person years was 0.278, with 0.075
in children and 0.347 in adults (7). Therefore, patients with
NMOSD were not included in our study. Furthermore, previous

studies have shown women to be more affected by MS than
men, with the female-to-male ratio varying between 1.5:1 and
2.5:1 (8). The distribution pattern of MS is heterogeneous,
with its highest prevalence in North America (140/100,000
population) and Europe (108/100,000 population) and the lowest
in East Asia (2.2/100,000 population) and sub-Saharan Africa
(2.1/100,000 population) (9). This uneven distribution of MS
across populations can be attributed to differences in genes and
the environment and their interaction (10). Asians are known to
have a lower incidence of MS, which was observed in Chinese
adults to be 0.288 per 100,000 population between 2016 and 2018
(6). However, although the prevalence of MS in China is low, the
number of patients with MS cannot be underestimated because
of the large population base in China.

Before 2015, IFN-β, oral corticosteroids, and other
immunotherapy treatments were the initial choice of drugs
for Chinese patients with MS. The advent of Betaferon (trade
name of recombinant human interferon-β-1b injection) in the
Chinesemarket brought the concept of DMTs. However, shortage
of drug supply due to various reasons causes helplessness and
sense of panic in patients with MS. Therefore, given that no
disease-modifying drugs were available in China, neurologists
had no choice but to prescribe other immunosuppressive
drugs to control disease progression as the literature supports
the role of other immunotherapy drugs in the treatment of
MS, such as azathioprine (11), mycophenolate mofetil (12),
and rituximab (13). The prices of oral corticosteroids and
most immunosuppressive drugs, including azathioprine and
mycophenolate mofetil, are affordable for most patients, and the
guarantee of national health insurance for these patients is also
strong enough for patients to maintain treatment adherence.
The Multiple Sclerosis Patient Survival Report 2018 was the
first nationwide survey on the immunotherapy acceptance
status of Chinese patients with MS, which revealed the status
of patients with MS in China from multiple dimensions for
the first time. In the present study, we aimed to investigate the
acceptance of disease treatment by patients with MS and analyze
factors affecting treatment acceptance in China so as to provide
recommendations for clinicians to treat patients with MS and
help patients improve their quality of life.
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MATERIALS AND METHODS

Study Design and Patients
TheMultiple Sclerosis Patient Survival Report 2018was a national
and multicenter study in patients with MS, and the survey
covered five aspects: basic characteristics of patients, disease
characteristics, diagnosis and treatment, psychological burden,
and economic burden. This was the first survey to reveal the
survival status of patients with MS in China from multiple
dimensions. The study population consisted of 1,362 patients
with MS from 31 provinces who were treated at 49 Chinese
comprehensive hospitals over a period of 4 months from May
2018 to August 2018. The diagnosis of the included patients
was based on the 2017 Revisions of the McDonald criteria
(14). The data for the present study were obtained from the
Multiple Sclerosis Patient Survival Report 2018, and given that the
purpose of our study is to explore the patient’s acceptance of the
treatment, we excluded patients with missing detailed treatment
information. Hence, the final analysis population consisted of
1,212 patients with MS. The study was approved by the Medical
Research Ethics Committee of Xiangya Hospital and conducted
in accordance to the Declaration of Helsinki.

Research Indicators
The present study used medical records of patients with MS
for retrospective examination. Analysis was based on patient
characteristics, clinical information, and other characteristics.
Patient characteristics included patient’s age, sex, marital status,
fertility status, and education level. Clinical information included
course of disease, diagnosis, clinical symptoms, and the number
of symptoms. Other characteristics included emotional status,
employment status, and assessment of disease awareness through
10 questions about MS.

Statistical Analysis
All the statistical data were analyzed by SPSS 26.0 software.
First, patients with MS were divided into two groups depending
on whether they received therapy or not, and then univariate
and multivariate logistic regression analyses were performed
for patient characteristics, clinical information, and other
characteristics between these two groups. Second, the treated
patients were divided into two groups depending onwhether they
received DMTs or not, and univariate logistic regression analysis
was performed on patient characteristics, clinical information,
and other characteristics in these two groups. In addition, to
analyze the characteristics of patients using DMTs, we further
compared patients who received DMTs with untreated patients.
The three quantitative data, namely, age, Expanded Disability
Status Scale (EDSS), and course of disease, were expressed as
median and interquartile range (IQR), and independent-sample
non-parametric tests were used for comparison between the
groups. Sex, marital status, fertility status, education status,
disease subtype, and clinical symptoms are expressed as rates,
and the chi-square test was used to determine between-group
differences. In addition, the odds ratio (OR) was used as a
measure of association between exposure and an outcome. Two
events are considered independent if and only if the OR is

equal to 1, and these two events are considered correlated with
each other if the OR is >1. Conversely, if the OR is <1,
then the two events are negatively correlated, and the presence
of one event reduces the odds of the other event. The 95%
confidence interval (CI) is a type of estimate computed from the
statistics of the observed data, and the interval has an associated
confidence level that the true parameter is in the proposed
range. All statistics were two-sided, and P < 0.05 was considered
statistically significant, whereas P < 0.1 was considered as the
criteria for multivariate logistic regression analysis.

RESULTS

Reasons for Not Receiving Treatment
A 4-month survey of 49 hospitals interviewed ∼1,212 patients
with MS, of whom 324 patients with MS accepted treatment and
merely 111 patients with MS accepted the treatment with DMTs,
which indicates that ∼26.73% of patients with MS accepted
treatment and 9.1% of patients with MS were treated with DMTs
after diagnosis. When the reasons for not receiving treatment
were analyzed, patients cited multiple choices based on personal
situation. About 43.06% of the patients blamed the refusal of
treatment on economic burden, whereas 39.32% considered their
symptoms mild and hence refused the treatment. Moreover,
27.05% of the patients did not receive treatment because their
admitting physician believed that the treatment was not required.
Refusal of treatment for drug-related reasons included long-term
drug injection (18.33%), drug ineffectiveness (10.14%), and side
effects (<2%; Figure 1).

Treated Group vs. Untreated Group
Patient Characteristics
We divided 1,212 patients into two groups (treated group
and untreated group) according to whether they received
immunotherapy or not (Table 1). The treated group consisted
of patients who have received DMTs or other immunotherapy,
and the untreated group included patients who did not receive
any treatment or have only been treated with Chinese medicine.
There were 216 women and 102 men in the treated group and
575 women and 285 men in the untreated group. There was
no significant relationship between sex composition, procreation
situation (fertility or not), and whether the patients received
treatment. However, age, marital status, and educational level
were associated with drug acceptance. Unmarried patients were
1.447 (95% CI: 1.065–1.966) times more likely to be treated
than married patients. Considering the education level, patients
with a bachelor’s degree were 1.457 (95% CI: 0.871–2.437)
times more willing to choose medication than patients with
primary education.

Disease Characteristics
Except for the course of the disease and EDSS scores, the
difference in the diagnosis and number of symptoms was
associated with drug acceptance (Table 2). Patients diagnosed
with RRMS, SPMS, and PPMS were 2.279 (95% CI: 1.406–
3.696), 3.318 (95% CI: 1.454–7.574), and 1.896 (95% CI: 0.572–
6.284) times, respectively, more willing to accept medication than
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FIGURE 1 | Reasons for not receiving treatment.

TABLE 1 | Patient Characteristics in the treated group and untreated group.

Variables Untreated group

(N = 888)

Treated group

(N = 324)

Odds ratio

(95% confidence interval)

P-value

Sex (female%) 66.87% (575/860) 67.92% (216/318) 0.953 (0.724–1.254) P > 0.05

Age, median

(IQR), years

41.42 (18.58) (N = 798) 38.97 (18.79) (N = 310) 0.989 (0.979–0.999) P = 0.027

Married (%) 80.57% (647/803) 74.13% (235/317) 1.447 (1.065–1.966) P = 0.018

Procreation (%) 74.58% (584/783) 69.87% (218/312) 1.288 (0.968–1.715) P > 0.05

Education level (%) P < 0.0001

Primary education 7.94% (61/768) 7.72% (24/311) 1

Junior high school 29.43% (226/768) 19.61% (61/311) 0.686 (0.396–1.190)

High school 29.69% (228/768) 26.05% (81/311) 0.903 (0.528–1.543)

Bachelor’s degree 32.94% (253/768) 46.62% (145/311) 1.457 (0.871–2.437)

IQR, interquartile range.

patients with CIS. A total of 14 symptoms, namely, hypoxia,
amblyopia, limb weakness, dizziness, emotion disorder, unstable
walking, muscle spasms, pain, sexual dysfunction, dysphonia,
fecal and urine incontinence, paresthesia, memory impairment,
and fatigue were considered in the study, all of which had a
much higher probability of appearing in the treated group than
in the untreated group, indicating that patients with more disease
symptoms would be more prone to accept medication.

Other Characteristics
In this survey, in addition to exploring the basic and disease
characteristics of Chinese patients with MS, we conducted a
10-question survey to assess the patient’s understanding of the
disease. From the survey, we found that patients in the group
that received treatment generally scored higher than those in the
group that did not receive treatment (Supplementary Table 1).
MS is a chronic neurological disease with dramatic impact
on a patient’s mental well-being (15). In our survey, 83.17%
(1,008/1,212) of patients with MS were experiencing emotional
problems. The psychological and economic burden of the disease
will directly influence the acceptance of medication. Therefore,
in this research, the assessment of psychological burden was
conducted considering several emotional states such as worry,
irritability, sadness, helplessness, low self-esteem, self-blame,

guilt, unacceptance, and suicidality. After analyzing the data,
as shown in Figure 2, a greater proportion of low self-esteem
was observed in the treated group than in the untreated group.
Moreover, in terms of employment status, we found that the
unemployment rate of patients not receiving treatment was
higher than that of patients receiving treatment, suggesting that
the patients’ income affects the drug acceptance.

Multivariate Analysis
After the univariate analysis, a multivariate logistic regression
analysis was performed for basic characteristics, clinical
characteristics, and other factors between the treated and
untreated groups, and significant differences were obtained
in indicators including education level, disease classification,
clinical symptoms such as mood disorders and muscle spasms,
emotional response, and some questions to assess the patient’s
understanding of the disease (Table 3). In the analysis of
educational level OR, a patient with a bachelor’s degree was 2.210
(95% CI: 0.921–5.306) times more likely to accept treatments
than those with primary education. Moreover, in terms of
disease classification, patients diagnosed with RRMS, SPMS,
and PPMS were 4.018 (95% CI: 1.590–10.152), 4.934 (95%
CI: 1.195–20.365), and 2.187 (95% CI: 0.169–28.388) times,
respectively, more likely to accept treatments than those with
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TABLE 2 | Disease characteristics in the treated group and untreated group.

Variables Untreated group

(N = 888)

Treated group

(N = 324)

Odds ratio

(95% confidence interval)

P-value

Course of diseases, median

(IQR), years

6.15 (6.59) (N = 569) 6.73 (6.71) (N = 259) 1.023 (0.997–1.048) P > 0.05

Diagnosis (%) P = 0.005

CIS 22.67% (146/644) 11.22% (22/196) 1

RRMS 71.43% (460/644) 80.61% (158/196) 2.279 (1.406–3.696)

SPMS 3.73% (24/644) 6.12% (12/196) 3.318 (1.454–7.574)

PPMS 2.17% (14/644) 2.05% (4/196) 1.896 (0.572–6.284)

EDSS, median (IQR) 2 (2.5) (N = 566) 2 (4) (N = 161) 1.001 (0.999–1.004) P > 0.05

Symptoms (%)

Hypoxia 25.90% (230/888) 45.68% (148/324) 2.404 (1.845–3.135) P < 0.0001

Amblyopia 17.55% (156/888) 29.32% (95/324) 1.961 (1.460–2.639) P < 0.0001

Limb weakness 40.09% (356/888) 64.51% (209/324) 2.717 (2.083–3.534) P < 0.0001

Dizziness 23.76% (211/888) 33.02% (107/324) 1.582 (1.198–2.092) P = 0.001

Emotional disorder 17.57% (156/888) 37.35% (121/324) 2.793 (2.105–3.717) P < 0.0001

Unstable walking 27.70% (246/888) 51.85% (168/324) 2.809 (2.160–3.650) P < 0.0001

Muscle spasms 11.15% (99/888) 30.56% (99/324) 3.509 (2.558–4.808) P < 0.0001

Pain 16.10% (143/888) 21.30% (69/324) 1.410 (1.024–1.942) P = 0.036

Sexual dysfunction 4.84% (43/888) 10.19% (33/324) 2.227 (1.389–3.571) P = 0.001

Dysphonia 9.80% (87/888) 19.14% (62/324) 2.178 (1.529–3.106) P < 0.0001

Fecal and urine incontinence 16.67% (148/888) 32.41% (105/324) 2.398 (1.789–3.205) P < 0.0001

Paresthesia 42.91% (381/888) 60.19% (195/324) 2.012 (1.553–2.604) P < 0.0001

Memory impairment 14.64% (130/888) 28.40% (92/324) 2.315 (1.704–3.135) P < 0.0001

Fatigue 30.07% (267/888) 52.16% (169/324) 2.538 (1.953–3.289) P < 0.0001

Number of symptoms 1.245 (1.193–1.298) P < 0.0001

<2 36.49% (324/888) 10.49% (34/324)

≥2 to <4 31.53% (280/888) 26.23% (85/324)

≥4 to <8 23.09% (205/888) 40.12% (130/324)

≥8 8.89% (79/888) 23.16% (75/324)

IQR, interquartile range; CIS, clinically isolated syndrome; RRMS, relapsing remitting multiple sclerosis; SPMS, secondary progressive multiple sclerosis; PPMS, primary progressive

multiple sclerosis; EDSS, Expanded Disability Status Scale.

FIGURE 2 | Other emotional and employment factors differing between the

treated and the untreated groups. The forest plot shows odds ratio differences

in other factors between the treated and untreated groups.

CIS. Furthermore, patients with limb weakness, emotional
disorder, muscle spasms, and paresthesia were 1.938 (95% CI:
1.148–3.268), 2.268 (95% CI: 1.279–4.016), 2.732 (95% CI: 1.475–
5.076), and 1.766 (95% CI: 1.048–2.974) times, respectively, more
likely to accept treatments than those without these symptoms.
As for the emotional status, patients with feelings of sadness
and unacceptance were less likely to accept the treatment.
In terms of MS-related questions, the ORs of questions 4, 6,
8, and 10 were 1.878 (95% CI: 1.082–3.260), 1.812 (95% CI:
1.036–3.165), 1.984 (95% CI: 0.936–4.202), and 1.783 (95% CI:
1.065–2.985), respectively.

DMT Treatment Group vs. Other
Immunotherapy Group
Of 324 patients who received the treatment, 110 received
interferon-β-1b and were grouped under the DMT
treatment group, whereas 208 patients received low-dose
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TABLE 3 | Multivariate logistic regression model of all indicators between the treated group and untreated group.

Variables Untreated group

(N = 888)

Treated group

(N = 324)

Odds ratio

(95% confidence interval)

P-value

Education level (%) P = 0.021

Primary education 7.94% (61/768) 7.72% (24/311) 1

Junior high school 29.43% (226/768) 19.61% (61/311) 0.831 (0.323–2.139)

High school 29.69% (228/768) 26.05% (81/311) 1.166 (0.492–2.762)

Bachelor degree 32.94% (253/768) 46.62% (145/311) 2.210 (0.921–5.306)

Diagnosis (%) P = 0.026

CIS 22.67% (146/644) 11.22% (22/196) 1

RRMS 71.43% (460/644) 80.61% (158/196) 4.018 (1.590–10.152)

SPMS 3.73% (24/644) 6.12% (12/196) 4.934 (1.195–20.365)

PPMS 2.17% (14/644) 2.05% (4/196) 2.187 (0.169–28.388)

Symptoms (%)

Limb weakness 40.09% (356/888) 64.51% (209/324) 1.938 (1.148–3.268) P = 0.013

Emotion disorder 17.57% (156/888) 37.35% (121/324) 2.268 (1.279–4.016) P = 0.005

Muscle spasms 11.15% (99/888) 30.56% (99/324) 2.732 (1.475–5.076) P = 0.001

Paresthesia 42.91% (381/888) 60.19% (195/324) 1.766 (1.048–2.974) P = 0.033

Emotional response (%)

Sadness 45.14% (311/689) 42.63% (136/319) 0.517 (0.301–0.887) P = 0.017

Unacceptable 33.38% (230/689) 31.66% (101/319) 0.465 (0.269–0.804) P = 0.006

Multiple sclerosis-related problems (%)

Q4 64.90% (442/681) 67.61% (215/318) 1.878 (1.082–3.260) P = 0.025

Q6 61.59% (404/656) 62.07% (198/319) 1.812 (1.036–3.165) P = 0.037

Q8 83.04% (558/672) 93.46% (300/321) 1.984 (0.936–4.202) P = 0.074

Q10 52.06% (341/655) 67.43% (205/304) 1.783 (1.065–2.985) P = 0.028

CIS, clinically isolated syndrome; RRMS, relapsing remitting multiple sclerosis; SPMS, secondary progressive multiple sclerosis; PPMS, primary progressive multiple sclerosis.

glucocorticoids, azathioprine, mycophenolate mofetil (two
formulations), or rituximab and were classified into the other
immunotherapy group.

There were 85 women and 25 men in the DMT treatment
group and 131 women and 77 men in the other immunotherapy
group, indicating that female patients are more willing to
accept treatment with DMTs than their male counterparts. Most
of the basic characteristics such as age, procreation situation,
and marital status were not significantly associated with the
type of treatment. However, education level influenced patients’
treatment choice, and patients with a bachelor’s degree were 2.800
(95% CI: 1.051–7.458) times more likely to accept DMTs than
patients with primary school education (Table 4).

In terms of disease characteristics, the course of the disease,
diagnosis, EDSS scores, and the number of symptoms were
not statistically correlated with the treatment choice. It was
clear from the analysis that among the 14 symptoms, only limb
weakness, pain, and fatigue influenced the patient’s choice of
treatment with DMTs. Patients with limb weakness and pain were
less likely to accept DMTs, whereas patients with fatigue were
2.083 (95% CI: 1.299–3.344) times more likely to accept DMTs
than patients without this symptom (Table 5).

On the basis of the 10-question analysis, we found that
patients in the DMT treatment group generally scored higher
than those in the group that received other immunotherapy
treatment (Supplementary Table 2). As for the psychological

and economic burden of the disease, by analyzing the patients’
emotional response, we found that there was a higher proportion
of irritability in the group receiving other immunotherapy
treatment than the DMT treatment group. Moreover, an analysis
of their employment status showed that the unemployment rate
of patients receiving other immunotherapy treatment was higher
than that of patients receiving DMT treatment, suggesting that
the patients’ income affects the treatment choice (Figure 3).

DMT Treatment Group vs. Untreated Group
To analyze the characteristics of patients using DMTs, we further
compared the DMT-treated patients with untreated patients. In
terms of basic characteristics, the proportion of female patients
was higher in the DMT treatment group, and all the basic
characteristics such as age and educational level were significantly
associated with the patients treated with DMTs. In addition,
unmarried patients were 1.935 (95% CI: 1.249–2.998) times more
likely to accept DMTs thanmarried patients, and patients without
children were 1.677 (95% CI: 1.101–2.553) times more likely to
accept DMTs than those with children, suggesting the impact of
family burden in the acceptance of treatment (Table 6).

As shown in Table 7, diagnosis and EDSS scores were
not statistically correlated with treatment choice. However,
the course of disease, type of symptoms, and the number of
symptoms influence the patient’s choice of treatment with DMTs.
Specifically, patients having longer course of disease and more
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TABLE 4 | Patient characteristics of the DMT treatment group and other immunotherapy group.

Variables Other immunotherapy group

(N = 213)

DMT treatment group

(N = 111)

Odds ratio

(95% confidence interval)

P-value

Gender (female%) 62.98% (131/208) 77.27% (85/110) 2.000 (1.179–3.390) P = 0.01

Age, median (IQR), years 40.50 (19.05) (N = 207) 37.45 (16.12) (N = 103) 0.984 (0.966–1.002) P > 0.05

Married (%) 77.29% (160/207) 68.18% (75/110) 1.589 (0.948–2.663) P > 0.05

Procreation (%) 73.27% (148/202) 63.64% (70/110) 1.468 (0.897–2.403) P > 0.05

Education level (%) P < 0.0001

Primary education 8.96% (18/201) 5.45% (6/110) 1

Junior high school 26.37% (53/201) 7.27% (8/110) 0.453 (0.138–1.482)

High school 27.36% (55/201) 23.64% (26/110) 1.418 (0.504–3.992)

Bachelor’s degree 37.31% (75/201) 63.64% (70/110) 2.800 (1.051–7.458)

DMT, disease-modifying therapy; IQR, interquartile range.

TABLE 5 | Disease characteristics of the DMT treatment group and other immunotherapy group.

Variables Other immunotherapy group

(N = 213)

DMT treatment group

(N = 111)

Odds ratio

(95% confidence interval)

P-value

Course of diseases, median

(IQR), years

5.90 (7.22) (N = 172) 8.32 (5.34) (N = 87) 1.030 (0.988–1.073) P > 0.05

Diagnosis (%) (N = 141) (N = 55) – P > 0.05

EDSS, median (IQR) 2.5 (4) (N = 119) 2 (2.875) (N = 42) 1.003 (0.995–1.010) P > 0.05

Symptoms (%)

Hypoxia 47.42% (101/213) 42.34% (47/111) 0.814 (0.513–1.294) P > 0.05

Amblyopia 30.52% (65/213) 27.03% (30/111) 0.843 (0.506–1.404) P > 0.05

Limb weakness 69.01% (147/213) 55.86% (62/111) 0.568 (0.354–0.912) P = 0.019

Dizziness 34.74% (74/213) 29.73% (33/111) 0.795 (0.484–1.304) P > 0.05

Emotional disorder 38.97% (83/213) 34.23% (38/111) 0.815 (0.505–1.316) P > 0.05

Unstable walking 51.17% (109/213) 53.15% (59/111) 1.082 (0.684–1.715) P > 0.05

Muscle spasms 31.46% (67/213) 28.83% (32/111) 0.883 (0.534–1.458) P > 0.05

Pain 25.35% (54/213) 13.51% (15/111) 0.460 (0.246–0.860) P = 0.015

Sexual dysfunction 9.86% (21/213) 10.81% (12/111) 1.109 (0.524–2.347) P > 0.05

Dysphonia 20.66% (44/213) 16.22% (18/111) 0.743 (0.406–1.361) P > 0.05

Fecal and urine 32.39% (69/213) 32.43% (36/111) 1.002 (0.613–1.637) P > 0.05

incontinence

Paresthesia 59.15% (126/213) 62.16% (69/111) 1.134 (0.708–1.818) P > 0.05

Memory impairment 29.58% (63/213) 26.13% (29/111) 0.842 (0.503–1.410) P > 0.05

Fatigue 46.01% (98/213) 63.96% (71/111) 2.083 (1.299–3.344) P = 0.002

Number of symptoms 1.030 (0.958–1.109) P > 0.05

<2 8.45% (18/213) 14.41% (16/111)

≥2 to <4 26.76% (57/213) 25.23% (28/111)

≥4 to <8 42.25% (90/213) 36.04% (40/111)

≥8 22.54% (48/213) 24.32% (27/111)

DMT, disease-modifying therapy; IQR, interquartile range; EDSS, Expanded Disability Status Scale.

symptoms were likely to use DMTs, indicating that patients more
affected by the disease are more willing to be treated.

Consistent with previous results, patients in the DMT
treatment group generally scored higher during the 10-
question survey than those in the untreated group, suggesting
that patients with more background knowledge about
disease would prefer treatment (Supplementary Table 3).
In terms of the psychological and economic burden of the

disease, by analyzing their emotional response, a higher
proportion of low self-esteem was found in the DMT
treatment group compared with the untreated group.
Moreover, investigation of their employment status showed
that the unemployment rate of untreated patients was
higher than that of the patients receiving DMT treatment,
suggesting that patients’ income affects their drug acceptance
(Figure 4).
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FIGURE 3 | Other emotional and employment factors differing between the

DMT-treated group and other immunotherapy group. The forest plot shows

odds ratio differences in other factors between the DMT treatment group and

other immunotherapy groups. DMT, disease-modifying therapy.

DISCUSSION

In our study, we found that elderly, married, and unemployed
patients were less likely to receive the treatment. This can be
attributed to the huge economic cost the treatment incurs to
the patients and their families (16–18). The total cost associated
with MS in Spain was estimated as e1.395 million per year,
and e30,050 was the mean annual cost per patient (19).
Similar results were seen in the Finnish population where the
mean annual cost per patient was estimated to be e4,699,427
(20). The largest cost component for individuals with MS are
prescription drugs, specifically the DMTs, which are responsible
for acquisition cost of more than $70,000 a year in the USA (21).

In China, according to the National Bureau of Statistics, the
per capita disposable income of residents was only e3,325 in
2017, whereas as the Multiple Sclerosis Patient Survival Report
2018 illustrated, roughly 61% of the patients with MS incurred
more than e1,277 in medical costs per relapse, suggesting the
cost of each recurrence is one-third of China’s per capita income
in 2017, and moreover, ∼25% of the patients lose their ability to
work after illness. Fortunately, MS was included in the first list of
rare diseases issued by the National Health Council of China in
May 2018, giving MS the unprecedented attention (22).

In addition to financial burden, the second important reason
for patients’ refusal to treatment was when their symptoms are
mild. As shown in our study, patients suffering from a long
course of disease and various symptoms were more likely to
accept the treatment. It is undeniable that many patients with
MS ignore the progress of the disease because inflammation
does not always result in a relapse or visible symptoms, but
they may still experience deterioration caused by MS that can
only be seen on a brain scan (23, 24). With the passage of
time, the loss of function is so gradual that it goes unnoticed
by the patient or physician. Moreover, these patients have low
EDSS scores and normal motor function, which do not fully
reflect subjective symptoms (25). In our survey, we found that

patients with higher awareness of the disease or with higher
education were more likely to accept the treatment than those
with lower qualification. Previously conducted studies showed
that patients with higher education were more likely to actively
cooperate with doctors to receive drug treatment (26, 27), and
patient education and awareness play a very important role
in the management of diseases (28) and treatment adherence
(29). This suggests that neurologists should carefully educate
patients with MS about the disease. Only a full understanding
of the characteristics and prognosis of the disease and the
importance of DMTs in the treatment of MS can help the
patients make a reasonable choice, especially for patients with
poor education level.

We found that patients with frequent relapses were more
willing to be treated, and many patients did not receive proper
treatment in their CIS stage. In Spain, the median time from
onset of first symptoms to the first visit to a physician was 19.2
months, which represented the greatest delay (30), and in the
Portuguese population, the median time between the first clinical
manifestation and MS diagnosis was merely 9 months (31).
However, on the basis of data from the Multiple Sclerosis Patient
Survival Report 2018, the situation of delayed diagnosis and
treatment is worrisome in China, with merely 53% of the patients
being diagnosed and treated immediately. Moreover, 65% of the
patients took ∼1–5 years to seek help from neurologists, and
about 8% of the patients did not go to hospitals until after 6
years of illness. Similarly, 65% of the patients took roughly 1–5
years to be diagnosed with MS, and this period was more than
6 years for 12% of the patients. There are many factors that are
responsible for this result, of which the lack of understanding of
the disease by neurologists themselves is a factor that cannot be
ignored. CIS is the first episode of neurologic symptoms caused
by demyelination and inflammation in the central nervous
system, and the conversion rate from CIS to MS was 79% (32).
Several studies have demonstrated that DMTs work effectively
to reduce the accumulation of neural cell damage when the
patient starts treatment as soon as possible after diagnosis and
especially before the appearance of any signs of disability (33, 34).
More importantly, DMTs appear to attenuate brain atrophy over
time in the patients with CIS (35) and delay further episodes
that would lead to a definite diagnosis of MS (36). Therefore,
neurologists need to enhance their understanding of the disease
and update their learning on recent advances in the disease.

In our study, only 10 patients were treated with rituximab.
However, because rituximab has not been approved by the
European Medicine Agency, the US FDA, or the China National
Medical Products Administration as a disease-modifying drug
for the treatment of MS (37, 38), and the Chinese Expert
Consensus on Diagnosis and Treatment of Multiple Sclerosis (2018
Edition) does not recommend rituximab as a disease-modifying
drug for MS (39), rituximab is off-label for the treatment of
patients with MS and was included in the other immunotherapy
treatment group. On the other hand, as a humanized monoclonal
antibody, the price of rituximab far exceeds the acceptance of
most patients, and national health insurance does not cover this
imported novel drug. Therefore, the accessibility of rituximab in
Chinese patients with MS is poor.

Frontiers in Neurology | www.frontiersin.org 8 April 2021 | Volume 12 | Article 651511201

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Zhou et al. Immunotherapy Acceptance in Multiple Sclerosis

TABLE 6 | Patient characteristics of the DMT treatment group and untreated group.

Variables Untreated group

(N = 888)

DMT treatment group

(N = 111)

Odds ratio

(95% confidence interval)

P-value

Gender (female%) 66.87% (575/860) 77.27% (85/110) 1.686 (1.055–2.688) P = 0.029

Age, median (IQR), years 41.42 (18.58) (N = 798) 37.45 (16.12) (N = 103) 0.977 (0.961–0.993) P = 0.005

Married (%) 80.57% (647/803) 68.18% (75/110) 1.935 (1.249–2.998) P = 0.003

Procreation (%) 74.58% (584/783) 63.64% (70/110) 1.677 (1.101–2.553) P = 0.016

Education level (%) P < 0.0001

Primary education 7.94% (61/768) 5.45% (6/110) 1

Junior high school 29.43% (226/768) 7.27% (8/110) 0.360 (0.120–1.076)

High school 29.69% (228/768) 23.64% (26/110) 1.159 (0.457–2.943)

Bachelor’s degree 32.94% (253/768) 63.64% (70/110) 2.813 (1.167–6.777)

DMT, disease-modifying therapy; IQR, interquartile range.

TABLE 7 | Disease characteristics of the DMT treatment group and untreated group.

Variables Untreated group

(N = 888)

DMT treatment group

(N = 111)

Odds ratio

(95% confidence interval)

P-value

Course of diseases, median

(IQR), years

6.15 (6.59) (N = 569) 8.32 (5.34) (N = 87) 1.043 (1.006–1.081) P = 0.022

Diagnosis (%) (N = 644) (N = 55) – P > 0.05

EDSS, median (IQR) 2 (2.5) (N = 566) 2 (2.875) (N = 42) −0.001 (−0.011–0.008) P > 0.05

Symptoms (%)

Hypoxia 25.90% (230/888) 42.34% (47/111) 2.101 (1.401–3.155) P < 0.0001

Amblyopia 17.55% (156/888) 27.03% (30/111) 1.751 (1.114–2.755) P = 0.015

Limb weakness 40.09% (356/888) 55.86% (62/111) 1.890 (1.271–2.817) P = 0.002

Dizziness 23.76% (211/888) 29.73% (33/111) 1.357 (0.878–2.096) P > 0.05

Emotional disorder 17.57% (156/888) 34.23% (38/111) 2.445 (1.592–3.745) P < 0.0001

Unstable walking 27.70% (246/888) 53.15% (59/111) 2.959 (1.984–4.425) P < 0.0001

Muscle spasms 11.15% (102/888) 28.83% (32/111) 3.226 (2.037–5.128) P < 0.0001

Pain 16.10% (143/888) 13.51% (15/111) 0.814 (0.459–1.443) P > 0.05

Sexual dysfunction 4.84% (43/888) 10.81% (12/111) 2.381 (1.215–4.673) P = 0.011

Dysphonia 9.80% (87/888) 16.22% (18/111) 1.783 (1.027–3.096) P = 0.04

Fecal and urine incontinence 16.67% (148/888) 32.43% (36/111) 2.398 (1.553–3.704) P < 0.0001

Paresthesia 42.91% (381/888) 62.16% (69/111) 2.188 (1.458–3.279) P < 0.0001

Memory impairment 14.64% (130/888) 26.13% (29/111) 2.062 (1.299–3.279) P = 0.002

Fatigue 30.07% (267/888) 63.96% (71/111) 4.132 (2.732–6.25) P < 0.0001

Number of symptoms 1.211 (1.141–1.285) P < 0.0001

<2 36.49% (324/888) 14.41% (16/111)

≥2 to <4 31.53% (280/888) 25.23% (28/111)

≥4 to <8 23.09% (205/888) 36.04% (40/111)

≥8 8.89% (79/888) 24.32% (27/111)

DMT, disease-modifying therapy; IQR, interquartile range; EDSS, Expanded Disability Status Scale.

There are several shortcomings in the present study. First,
in view of the immature market of disease-modifying drugs in
China, the number of patients with MS using DMTs is less;
second, more indicators to assess the economic impact should
be included, and with regard to the patient’s privacy, using
interviews to investigate their financial burden would be more
effective than questionnaires; third, more assessment scales such
as quality of life (QoL), European Quality of Life Five Dimension
(EuroQol-5D), and Hamburg Quality of Life Questionnaire

Multiple Sclerosis (HAQUAMS) should be included to ensure
the accuracy of the study to assess patient’s quality of life.
However, this investigation of the characteristics of Chinese
patients withMS ismeaningful for clinical work. Our study found
that patient acceptance and choice of therapy are affected by
many factors such as age, sex, marriage, education level, disease
subtypes, symptoms, course of disease, mood, employment, and
understanding of the disease, among which the most important
factors are education level and understanding of the disease,
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FIGURE 4 | Other emotional and employment factors differing between the

DMT-treated group and untreated group. The forest plot shows odds ratio

differences in other factors between the DMT treatment group and untreated

group.

suggesting that patient education should be included as part of
the treatment process.

As of August 2020, 2,854 large comprehensive hospitals
across the country have set up neurology specialties (40), and
in November 2020, the Neuroimmunology Branch of Chinese
Society of Immunology selected 20 hospitals as Chinese Multiple
Sclerosis Diagnosis and Treatment Center. In addition, to
accelerate the marketing speed of drugs for rare diseases, China
has established a fast track for qualified drugs urgently needed
for rare diseases that have been marketed overseas. On July 13,
2017, the Ministry of Human Resources and Social Security of
the People’s Republic of China approved Betaferon to enter the
reimbursement scope of national medical insurance and gave
28.9% price reduction to make it more accessible to patients (41).
Moreover, it is encouraging that teriflunomide was allowed to
enter the Chinese market in 2018, and the indications for CIS in
China were approved in September 2020. In addition, fingolimod
and siponimod have recently entered the Chinese market, which
will provide more options for Chinese patients withMS.With the
promulgation of policies, the update of doctors’ understanding
of rare diseases, and the marketing of new drugs, the main
factors that affect the patients’ acceptance of medical treatment
will be changed, and more attention may be paid to the disease-
modifying drugs’ properties, such as the efficacy and side effects
of the drugs. Therefore, it is necessary to reconduct a large-scale
survey on the quality of life of Chinese patients with MS in the
near future with a larger patient population and inclusion of the
patients’ income to obtain a more comprehensive conclusion.
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Paraneoplastic neurological syndromes are more commonly seen with malignancies

such as small cell lung cancer, thymoma, gynecological malignancies, and breast

cancer as well as seminoma. With the introduction of immune checkpoint inhibitor (ICI)

cancer immunotherapy we see an increase of autoimmune neurological complications in

patients with malignancies not traditionally associated with paraneoplastic neurological

syndromes, such as melanoma and renal cell carcinoma. Immune checkpoint inhibitors

enhance antitumor immune responses resulting often in immune-related adverse effects

that can affect any organ, including the central and peripheral nervous system,

neuromuscular junction and muscle. Neurological complications are rare; neuromuscular

complications are more common than central nervous system ones but multifocal

neurological presentations are often encountered. The vast majority of neurological

complications appear within 3 months of ICI initiation, but have been described even after

ICI cessation. Neural autoantibody testing reveals autoantibodies in approximately half

of the patients with CNS complications. Early suspicion and diagnosis is critical to avoid

worsening and improve outcomes. Therapeutic strategies depend on the severity of the

symptoms and initially typically involve discontinuation of ICI and high dose steroids.

Further immunosuppression might be necessary. Outcomes are dependent on patient’s

characteristics and clinical presentations.

Keywords: cancer immunotherapy, autoimmune encephalitis, immune-related adverse events, myasthenia,

myositis, paraneoplastic neurological syndromes

INTRODUCTION

The introduction of immune checkpoint inhibitors (ICI) has revolutionized the
treatment of various malignancies. ICI are monoclonal antibodies that target
negative regulatory steps in T-cell activation; the most commonly used are
against the cytotoxic T lymphocyte associated antigen 4 (CTLA-4) (ipilimumab,
tremelimumab), the programmed death-1 receptor (PD-1) (pembrolizumab, nivolumab,
and cemiplimab) and its ligand PD-L1 (atezolizumab, avelumab, and durvalumab).
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Since ipilimumab was approved in 2011 for the treatment of
metastatic melanoma, multiple new agents have been approved
and the tumor indications have expanded, including non-small
cell lung carcinoma (NSCLC), renal cell carcinoma, advanced
Hodgkin lymphoma, urothelial carcinoma, small-cell lung cancer
(SCLC) and Merkel cell carcinoma, amongst others (1–20).

These novel cancer immunotherapies enhance antitumor
immune responses by blocking signaling pathways that have
inhibitory effects on T-cell activation. By enhancing endogenous
immune responses, ICI may trigger immune-related adverse
events (irAEs) that can affect any organ; these include
neurological complications. The severity of the irAEs is graded by
the Common Terminology Criteria for Adverse Events (CTCAE)
according to clinical severity. Neurologic irAE that limit self-care
activities are considered grade 3, if they are life-threatening and
require urgent intervention grade 4, and grade 5 if fatal (21).

Although the reported rate of irAE with ICI is high (up to
90%), the prevalence of severe (grade ≥ 3) irAE is ∼15–42%
with CTLA4 ICI, 5–10% with PD-1 ICI, and 1–7% with PD-
L1 ICI. The combination of treatment with both CTLA-4 and
PD1/PD-L1 ICI agents is associated with a higher risk of irAE
than monotherapy, and up to 40–45% are severe. Frequent irAEs
include dermatitis, colitis, hepatitis, thyroiditis and hypophysitis.
The majority of these are reversible (22). Neurological immune
complications are of particular concern given that they can
be disabling and life threatening. In clinical trials, the overall
incidence of neurological adverse events was 3.8% with CTLA4
ICI, 6.1% with PD1 ICI, and 12% with the combination of
both. Most neurologic irAEs were mild, such as headache, and
peripheral neuropathy. The incidence of neurologic irAE grade
3 or 4 was <1% (23, 24). Subsequent studies have reported a
frequency of neurological complications with ICI of∼2–4% (24–
26), and 1.5% for grades 3 or 4 (27). There is also a higher
incidence of neurological irAE in males, which may also reflect
the differences in epidemiology of the cancers in which ICI are
used (28, 29).

Neurological irAE usually develop within 3 months after
initiation of ICI treatment (24, 27, 28, 30, 31), although
they may have a delayed onset, in some cases months after
discontinuation of ICI (21). The clinical manifestations may
involve any level of the neuraxis, and the presentation is often
multifocal. They may also co-occur with non-neurological irAEs
(27). The most prevalent neurological irAE except hypophysitis
are neuromuscular complications. The prevalence of central

Abbreviations: AChR, acetylcholine receptor; ANNA-1, antineuronal nuclear

antibody type 1; CASPR-2, contactin-associated protein 2; CNS, central nervous

system; CPK, creatin kinase; CRMP-5, collapsin response-mediator protein-5;

CSF, cerebrospinal fluid; CTLA-4, cytotoxic T lymphocyte associated antigen

4; EEG, electroencephalogram; EMG, electromyogram; GAD65, glutamic acid

decarboxylase isoform 65; GFAP, glial fibrillary acidic protein; ICI, immune

checkpoint inhibitors; IVIG, intravenous immunoglobulin; irAE, immune related

adverse events; LGI-1, leucine-rich glioma inactivated 1; MG, myasthenia gravis;

MRI, magnetic resonance imaging; NIF, neural intermediate filament; NMDA-

R, N-methyl-D-aspartate receptor; NSCLC, Non-small cell lung cancer; PD-1,

programmed death-1 receptor; PD-L1, programmed death-1 receptor ligand;

PDE10A, phosphodiesterase 10A; PNS, peripheral nervous system; SCLC, small

cell lung cancer; TCR, T-cell receptor.

nervous system (CNS) autoimmune complications is <1%
(28, 29).

A subset of neurological irAEs triggered by ICI are
compatible with paraneoplastic neurological disorders such
as limbic encephalitis or subacute cerebellar ataxia and are
often accompanied by classic paraneoplastic antibodies (30,
32). Interestingly, ICI can trigger paraneoplastic neurological
disorders even in patients with tumors that are not typically
associated with spontaneous paraneoplastic syndromes, such
as melanoma or renal cell carcinoma (30). Additionally,
spontaneous paraneoplastic neurological syndromes typically
precede cancer diagnosis, and if detected, the tumor is usually at
a limited stage. Conversely, patients who develop paraneoplastic
syndromes as a complication of treatment with ICI, typically have
advanced stage cancer with metastasis (33).

The increasingly reported cases and series have allowed
a more clear understanding of the spectrum of neurologic
irAE associated with ICI. Here we review the pathogenic
mechanisms, clinical presentation, diagnostic approach, and
therapeutic management of these complications.

ICI MECHANISM OF ACTION

Tumor antigens released from necrotic tumor cells are captured,
processed into peptides by antigen-presenting cells (APC) that
present them on major histocompatibility complex (MHC)
molecules to the naïve T-cells in the lymph nodes. Except
for the TCR engagement with MHC molecules on the APC,
co-stimulatory pathways are necessary in order to activate a
naïve T-cell. This results in immune activation against cancer-
specific antigens via the primed CD8 cytotoxic T-cells but also
through the CD4 helper T-cells that will help activate B-cells
that have engaged via their B-cell receptor their cognate antigen
and push them into antibody-producing cells (34). Activated
effector T-cells infiltrate the tumor and bind to cancer cells
that present their antigenic peptide bound to MHC-I on their
cell surface leading to cell death. T-cell responses initiated by
the interaction between TCR and MHC-presented antigenic
peptides, are regulated by co-stimulatory and inhibitory signals.
The inhibitory signals are the immune checkpoints, which are
important in physiological conditions to prevent autoimmunity
and regulate immune response both at the priming of the
immune response and at a tissue level (Figure 1) (36). However,
within the tumor microenvironment, increased expression of
inhibitory molecules, amongst other factors, may dampen T-
cell antitumor response (37). ICI are monoclonal antibodies
that target these immune-inhibitory molecules, expressed by T-
cells, such as CTLA-4 and PD-1, as well as the PD-1 ligand
expressed by tumor cells but also epithelial cells and others in
physiological conditions, resulting in enhanced immunity and
often autoimmunity (38).

CTLA-4 Pathway
CTLA-4 is expressed predominantly on activated T- cells and
participates in downregulation of T-cell responses in the priming
of the immune response at the lymph node. In resting T-cells,
CTLA-4 is an intracellular protein. When the TCR engages
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FIGURE 1 | Pathogenic mechanisms involved in neurological immune related adverse events triggered by immune checkpoint inhibitors. Tumor antigens released

from necrotic tumor cells are captured, processed into peptides by antigen-presenting cells (APC) that present them on major histocompatibility complex (MHC)

molecules to the naïve T-cells in the lymph nodes. The T-cell receptor (TCR) engages with MHC molecules on the APC. Co-stimulatory signals from the interaction

between CD28 on T-cells and B7 (CD80/86) on the APC are necessary to activate a naïve T-cell. This results in activation of CD8 cytotoxic T-cells against

tumor-specific antigens, and CD4 helper T-cells that will help activate B-cells that have engaged via their B-cell receptor their cognate antigen and push them into

antibody-producing plasma cells (PC). There are also inhibitory signals, or immune checkpoints, that regulate T-cell activation. CTLA4 on T-cells competes with CD28

for B7 binding. The interaction between CTLA4 and B7 is an inhibitory signal for T-cells. CTLA4 blockade therefore leads to enhanced T-cell activation in the lymph

node. CD8 cytotoxic T-cells and plasma cells travel to the tumor. PDL1 expressed by the antigen-specific T-cells binds to PD-L1 expressed by tumor cells, leading to

an inhibitory signal. Blockade of PD1/PD-L1 leads to enhanced T-cell activation on a tissue level. CD8 cytotoxic T-cells and plasma cells also travel to the nervous

system. CD8 cytotoxic T-cells directed against neural antigens (that are aberrantly expressed by the tumor) will cause direct cytotoxicity and cell death. Antibodies

directed against cell-surface neural antigens (aberrantly expressed by the tumor) can cause cell damage via several different pathways: by complement activation or

antibody dependent cellular cytotoxicity (ADCC), by antigen internalization (modulation), or by antigen blocking with interruption of its function. Reproduced with

permission from Sechi and Zekeridou (35). Suggested mechanisms of neurological autoimmunity in the context of ICI treatment.

with the antigen peptide-MHC on the APC, CD28 (on naïve
T-cell) interaction with CD80/CD86 (on APC) is the second
signal necessary for T-cell activation and amplification of TCR
signaling. CTLA-4 then translocates to the cell surface, and
competes with CD28 for binding to the costimulatory molecules
CD80/CD86. CTLA4 molecules have higher affinity for binding
than CD28 to the CD80/CD86 molecules and lead to arrest
of T-cell activation and proliferation. In addition they might
lead to sequestration of the CD80/CD86 molecules on the APC
inhibiting further the CD28 costimulatory pathway. CTLA-4 is
predominately found on CD4+ cells rather than CD8+ cells; its
blockade leads to enhanced T cell activation on the lymph node
level (39, 40).

PD-1 and PD-L1 Pathway
PD-1 is a negative regulator of immune responses, which when
engaged by its ligand (PDL1 or PDL2) limits effector T-cell

responses in peripheral tissues (limiting inflammatory response
to infection and autoimmunity) and tumors (limiting antitumor
T-cell response). PD-1 is expressed on the surface of activated
T-cells upon TCR engagement, and is highly expressed on tumor-
infiltrating lymphocytes (39).

PD-1 has two ligands, PD-L1 and PD-L2 that are expressed by
many somatic cells upon exposure to proinflammatory cytokines
(39, 40). Tumor cells also may express on their surface PD-
L1 and PD-L2 (41). The interaction between PD-L1 on tumors
with PD1 on tumor infiltrating T-cells leads to downregulation
of effector T-cell responses (42). Monoclonal antibodies against
PD-1 and PD-L1 block this interaction. PD-1/PDL1 pathway
blockade results in preferential stimulation of antitumor T-cells
(40). PD-1 is also expressed in other immune cells such as
natural killer (NK) cells and B-cells. Therefore, PD-1 blockade
may also enhance NK cell activity in tumors, and antibody
production (38).
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POSSIBLE PATHOGENIC MECHANISMS

OF NEUROLOGICAL irAEs

Although the exact mechanism by which enhanced immune
responses triggered by ICIs lead to the diverse spectrum
of neurological irAE is not completely understood, there
are multiple mechanisms suggested including potentiation of
autoimmune paraneoplastic disorders or exacerbation of pre-
existing autoimmunity that can be cancer-antigen driven or not
(Figure 1).

Additionally, in cases of hypophysitis triggered by CTLA4
ICI treatment, CTLA4 expression by cells in the hypophysis and
direct effect of the monoclonal antibodies and cytotoxicity has
been suggested (43).

Paraneoplastic Disorders Triggered by

Immune Checkpoint Inhibitors
Paraneoplastic disorders result from an anti-tumor immune
response against a shared autoantigen between the tumor
(aberrant expression), and neural tissue (physiologic expression).
Aberrant expression of a neural antigen by the tumor (in
native or mutated forms), in conjunction with the enhanced
T-cell responses after treatment with ICI may contribute to
the development of a paraneoplastic syndrome, as onconeural-
antigen-specific T-cells can cross the blood-brain barrier and
cause neural-cell destruction (43).

An animal model of paraneoplastic cerebellar degeneration
induced by treatment with CTLA4 ICI supports this hypothesis.
In this model, mice were genetically engineered to express a
shared antigen between their purkinje cells and cancer cells of
an implanted tumor. When antigen specific lymphocytes were
injected to the mice, they limited tumor growth slightly but had
no neurological effects. When these were co-administered with a
CTLA4 inhibitor, not only did that lead to tumor burden decrease
but also to CD8+ T-cell mediated cytotoxicity on the Purkinje
cells (44). A similar mechanism is suspected in patients with
classic onconeural antibody positive paraneoplastic neurological
disorders (45).

In cases of ICI triggered autoimmune encephalitis, CD4 and
CD8 T-cells are involved. A study in a fatal case revealed
robust and clonal CNS infiltration by CD4 and CD8 T-cells,
whereas CD20 infiltrates were minimal. When compared to non-
ICI-associated encephalitis tissue, there was predominance of
activated memory phenotypes (46).

Exacerbation of Pre-existing Autoimmunity
ICI treatment may unmask latent autoimmunity, in patients with
underlying autoimmunity that remained subclinical before ICI
treatment (43, 47). This was demonstrated in a case of a patient
with radiologically isolated syndrome, who developed multiple
sclerosis (MS) after ICI treatment. In this patient, CD4 and CD8
T-cell receptor repertoires were different in the CSF and tumor,
indicating that ICI enhanced two pre-existing immune responses,
one directed against the tumor, and another one directed against
the CNS (48).

In a model of experimental autoimmune encephalitis (EAE),
in PD-1 deficient mice, the disease course was accelerated

compared to wild-type mice (49). In a model of EAE with
anti-CTLA4 monoclonal antibody treated mice, disease severity
was also exacerbated, indicating that CTLA4 pathway also plays
a role attenuating T-cell activation in immune-mediated CNS
demyelination (50).

Functional profiling of myelin-reactive CD4 T-cells in
a patient who developed extensive demyelinating brain
lesions after treatment with CTLA4 ICI, demonstrated high
proliferation rates, pro-inflammatory cytokine production, and
low production of the anti-inflammatory cytokine IL-10. This
inflammatory CD4 T-cell phenotype was similar to that seen in
patients with MS, and different than healthy controls (51).

CLINICAL APPROACH BASED ON

NEUROLOGICAL PRESENTATION

Central Nervous System Immune-Mediated

Complications
Clinical Syndromes

Meningitis
Case vignette. A 60-year-old female was diagnosed with intestinal
metastatic melanoma and underwent surgical resection of the
intestinal tumor followed by treatment with nivolumab. After
four treatments, she developed severe adrenal insufficiency and
nivolumab was discontinued. Four months later, she presented
to the emergency department with 3 days of severe headache,
associated with nausea and vomiting. She also had short-term
memory and word-finding difficulties, and gait impairment. On
exam, she was somnolent, disoriented in time, she had mild
expressive aphasia and gait ataxia. She was afebrile. MRI of the
brain showed diffuse leptomeningeal enhancement. MRI of the
cervical, thoracic and lumbar spine was unremarkable. CT scan
of the chest, abdomen and pelvis showed decreased burden of
lymphadenopathy, suggestive of positive response to nivolumab.
CSF analysis showed lymphocytic pleocytosis (34 cells/mcL)
and elevated protein (225 mg/dl). Extensive studies to rule out
viral, bacterial and fungal infections were negative. CSF cytology
was negative. Given suspected meningoencephalitis caused by
nivolumab irAE, she received treatment with prednisone 60mg
daily for 1 week with significant clinical improvement and
resolution of leptomeningeal enhancement on repeat MRI of the
brain. Prednisone was tapered down by 10mg per week and
symptoms resolved.

The typical clinical presentation of meningitis is fever,
headache, photophobia and neck stiffness. It may co-occur with
encephalitis, as the case vignette above, and these patients also
present with altered mental status. CSF may show pleocytosis
and increased protein level (52). Brain MRI may show dural
enhancement (53). Glial fibrillary acidic protein (GFAP) antibody
may be found in these cases of meningitis but are often associated
with encephalitis, myelitis or optic disk edema (30, 31). The
reported incidence of meningitis in large studies of irAEs is
below 1% (28, 29); however, this is likely an underestimation,
as many cases are paucisymptomatic and are not investigated
thoroughly (52).
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Most patients with meningitis have favorable outcomes after
ICI withdrawal and treatment with steroids, and ICI treatment
resumption may be well-tolerated (52–54).

Encephalitis
Case vignette. A 52 year old female was diagnosed with stage IVb
endometrial adenocarcinoma. She underwent hysterectomy with
bilateral salpingo-oopherectomy and tumor debulking, followed
by chemotherapy regimen consisting of carboplatin + paclataxel
+ dostralimab (PD-1 inhibitor, as part of research study).
After completing 5 cycles of treatment, she developed subacute
encephalopathy with hallucinations and tremor. MRI of the brain
was unremarkable, and CSF analysis revealed positive N-methyl-
D-aspartate receptor (NMDA-R) antibody. She was initially
treated with 5 days of IV methylprednisolone 1,000mg daily,
followed by plasma exchange (6 treatments), with improvement
of her symptoms, and was discharged to acute rehabilitation.
She presented 2 weeks later with worsening encephalopathy,
tremor and generalized weakness. Exam revealed nystagmus
in all gaze directions, facial myoclonus, dysarthria, intention
tremor of the upper extremities, myoclonus and appendicular
ataxia. She quickly deteriorated requiring intubation. MRI was
again unremarkable. Repeat CSF analysis showed lymphocytic
pleocytosis (68 cells/mL), elevated protein (64 mg/dL) and
positive oligoclonal bands. Infectious studies were negative. She
had positive NMDA-R and GFAP antibodies in the CSF. She
received 5 more days of IV methylprednisolone 1,000mg daily
and plasma exchange (5 treatments), with some improvement
in her mental status. Repeat PET-CT revealed progression of
metastasis. Further treatment for paraneoplastic encephalitis was
cyclophosphamide and rituximab was discussed, however, given
the progression of the underlying malignancy, decision was
made for transition to palliative care. This is an example of
a paraneoplastic autoimmune encephalitis with NMDA-R and
GFAP antibodies in context of ICI treatment in a patient with
endometrial adenocarcinoma.

Autoimmune encephalitis as a complication of ICI treatment
can present in several forms. Presenting symptoms may include
confusion, altered mental status, focal neurological deficits
and seizures. Prompt recognition and treatment is essential as
encephalitis may be a fatal complication (29, 55).

Limbic encephalitis is one of the most commonly reported
CNS complications, presenting with altered mental status,
anterograde amnesia, seizures and psychiatric symptoms. Brain
MRI may show temporal lobe T2 hyperintensities (30, 31, 56–
58). Neural antibodies such as antineuronal nuclear antibody
type 1 (ANNA-1) and Ma2 can be found in cases of ICI related
limbic encephalitis (30, 31, 57, 58). Unclassified neural-specific
antibody case, and seronegative cases have also been described
(30, 56). Additional cases of ICI related encephalitis associated
with NMDA-R IgG have also been reported (30, 56).

Involvement not only of the limbic system, but also
diencephalon and brainstem may occur in autoimmune
encephalitis with Ma2 antibodies (33, 59–61). An increase in
the incidence of Ma2 paraneoplastic syndromes has been noted
since the introduction of ICI. The majority of these patients
were middle-aged or elderly and had lung cancer or renal-cell

carcinoma, whereas in the classic form of the disease, Ma2 is
found in younger patients with seminoma. These patients also
had less contrast enhancement on MRI that the classic Ma2
patients. Outcomes are poor, four of six patients died, and
the other two had moderate to severe disability in this case
series (33).

Cerebellar involvement can also occur, presenting sometimes
as acute cerebellitis with abnormal T2 hyperintensities and
contrast enhancement (62, 63), and in some cases with cerebellar
atrophy (30, 31). Neural antibodies including ANNA-1, voltage-
gated calcium channel (VGCC) and neural intermediate filament
(NIF) have been reported in patients presenting with cerebellar
ataxia (30). Involvement of the brainstem has also been reported
(64), as well as involvement of the basal ganglia with hyperkinetic
movement disorders and phosphodiesterase 10A (PDE10A)
IgG (30, 65).

Autoimmune encephalitis is a severe complication of ICI
treatment and patients may have poor prognosis, so treatment
may require not only steroids but additional immunotherapy
(such as intravenous immunoglobulin [IVIG], plasma exchange,
rituximab or other), and permanent discontinuation of ICI (30,
31, 57, 58, 60, 64).

In some cases, posterior reversible encephalopathy syndrome
(PRES) may also occur after ICI treatment (66–68). Presenting
symptoms can include encephalopathy, vision loss, headache,
seizures. MRI typically reveals T2 hyperintensities consistent
with vasogenic edema. Concomitant PRES and peripheral nerve
involvement was reported in a patient with leucine-rich glioma
inactivated 1(LGI-1) IgG (30).

Myelitis
Involvement of the spinal cord may occur in isolation, or in
combination with other syndromes (i.e. encephalomyelitis) (30).
A case of longitudinally extensive transverse myelitis (LETM)
with an excellent outcome after ICI discontinuation, steroids,
IVIG and plasma exchange has been reported (69). A case
of progressive myelopathy with collapsin response-mediator
protein-5 (CRMP-5) antibodies experienced some improvement
after ICI discontinuation, steroids and cyclophosphamide (70).
One case of myelitis after radiation therapy and ICI has also been
reported, with probable contributions of both therapies to the
occurrence of this complication (71).

Other Inflammatory CNS Disorders
Case vignette. A 57-year-old male was diagnosed with metastatic
melanoma with a left temporal brain metastasis. After surgical
resection and radiation, he underwent treatment with a
combination of ipilimumab plus nivolumab. Two months
after treatment initiation, he developed numbness of bilateral
lower extremities, which progressed up to the mid abdominal
region within 3 weeks. ICI treatment was discontinued with
improvement of his sensory symptoms. Three months later,
he developed a left eye monocular scotoma, which progressed
to only light perception vision. An MRI of the brain and
orbits showed gadolinium enhancement of the left optic
nerve (Figure 2G) and the MRI of the spine showed a T2
hyperintense lesion involving the left hemicord at the level of
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FIGURE 2 | Imaging findings in patients with neurological immune related

adverse events triggered by immune checkpoint inhibitors. (A) Axial brain MRI,

fluid attenuation inversion recovery (FLAIR) sequence, showing bilateral

T2-hyperintensity of the medial temporal lobes (right more than left), in a

patient with limbic encephalitis associated with an unclassified neural-specific

antibody, after treatment with nivolumab for melanoma. (B) Axial brain MRI, T1

post-gadolinium sequence showing dural enhancement in a patient with

meningitis during treatment with nivolumab for sarcoma. (C) Axial brain MRI,

T1 post-gadolinium sequence, showing enhancement of the hypophysis in a

patient with hypophysitis after atezolizumab treatment. (D) Sagital T2 cervical

spine MRI, (E) axial T2 cervical spine MRI and (F) axial T2 thoracic spine of a

patient who developed short-segment (multiple sclerosis-like) spinal cord

lesions (left lateral cord at C7–T1 and ventral cord at T5–T6) after treatment

with nivolumab and ipilimumab for melanoma. (G) Axial FLAIR brain MRI

showing T2 hyperintensity of the left optic nerve in the same patient. (H) Optic

disc edema in a patient with bilateral optic neuritis triggered by atezolimumab

treatment for small cell lung cancer, associated with positive CRMP-5 IgG.

C7-T1 (Figures 2D,E), and an additional lesion in the ventral
cord at T5–T6 (Figure 2F). MOG-IgG and aquaporin-4-IgG
were negative. CSF analysis showed normal cell count and
protein. Oligoclonal bands were negative. He was treated with
IV methylprednisolone, 1 g daily for three consecutive days,
followed by an oral prednisone taper for suspected optic neuritis.
His vision loss resolved. This is a representative case of CNS
demyelination after ICI therapy. The patient’s initial presentation
was consistent with myelitis (not recognized at that time),
and MRI of the spine showed short-segment lesions consistent
with demyelination. This was followed by optic neuritis, with
enhancement of the optic nerve.

CNS demyelination may occur after ICI therapy (30, 51). In
patients with a history of MS, ICI therapy may trigger severe
relapses (72, 73), and transition from radiologically isolated
syndrome to clinically definite MS (48). In a study of 14 patients
presenting with MS relapses during ICI therapy, 8 had a prior
diagnosis of MS, 5 of whom experienced resolution of symptoms.
Clinical presentation was severe in 3 patients, 2 of whom died.
One patient was re-treated with ICI after presenting mild MS

relapse, and his symptoms significantly worsened, with poor
response to IV steroids. Of note, none of the patients continued
their MS disease modifying therapy while on ICI treatment. Five
patients received IV steroid treatment for MS relapse (73).

Two cases of neuromyelitis optica spectrum disorder
(NMOSD) with positive aquaporin-4 IgG have been reported,
presenting with LETM. An additional seronegative case of
recurrent myelitis and optic neuritis (meeting NMOSD criteria)
has been reported. The three patients experienced clinical
improvement after treatment with IV steroids and plasma
exchange (74–76).

Optic neuritis has also been reported in isolation, typically
with bilateral optic nerve involvement. Optic disc edema
and absence of pain seem to be common in ICI-related
optic neuritis. Most patients had good outcomes after steroid
treatment (77). Other neuro-ophthalmologic complications
include uveitis, retinopathies, orbital inflammatory syndrome
and Vogt-Koyanagi-Harada (77–79). Rare ocular paraneoplastic
syndromes such as melanoma-associated retinopathy and
bilateral diffuse uveal melanocytic proliferation have also been
reported (30, 77).

Additional inflammatory CNS disorders described after ICI
include CNS sarcoidosis (80), and intracranial vasculitis (81).

Hypophysitis may occur in up to 10% of patients on
CTLA4 ICI therapy. Patients present with headache, fatigue, and
anterior pituitary hormone deficiencies. Brain MRI may show
enhancement and enlargement of the hypophysis (Figure 2).
Treatment with steroids and hormone replacement are usually
needed (43). ICI may be resumed after symptom resolution (54).

Diagnostic Findings in Patients With CNS

Complications
MRI abnormalities are found in more than half of patients with
CNS complications and they are consistent with the clinical
syndromes (30). Brain MRI may reveal T2-hyperintensities in
the mesial temporal lobes in patients presenting with limbic
encephalitis (Figure 2). Additional signal abnormalities of
the diencephalon and brainstem can be seen in patients with
encephalitis associated with Ma2 antibody (33). Cerebellar
atrophy can be observed in patients presenting with cerebellar
ataxia (31). T2-hyperintensity of the basal ganglia can be
seen with PDE-10A encephalitis (65). Abnormalities reported
in patients presenting with meningoencephalitis include
pachymeningitis, and diffuse perivascular enhancement in
GFAP astrocytopathy cases (30, 31). In cases with optic
nerve involvement, optic nerve T2-hyperintensity and
contrast enhancement may be seen (77). Spinal cord MRI
in patients presenting with myelitis may show short segment
or longitudinally extensive lesions (69). Figure 2 shows some
representative examples of imaging findings in patients with
CNS complications after ICI.

In some patients with PET imaging of the brain, global
hypometabolism and focal hypo- and/or hyper-metabolism has
been found (30).

CSF abnormalities include lymphocytic pleocytosis and CSF
restricted oligoclonal bands in up to 95% of the patients with
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a CNS presentation (23, 30, 31). EEG might also be helpful to
evaluate for subclinical seizures (82).

Autoantibodies
Neural autoantibodies are more frequently found in patients
presenting with CNS involvement, as opposed to peripheral
nervous system (PNS) involvement (31). In a recent case series,
more than half of the patients with CNS manifestations had
neural-specific antibodies in serum, CSF or both. The majority
were antibodies specific for intracellular targets, which are
biomarkers of T-cell mediated cytotoxicity and some of them
were yet molecularly unidentified (30).

As discussed above, Ma2 antibodies have been frequently
found in patients with encephalitis and there seems to be an
increased incidence in patients treated with ICI (31, 33, 53).
Other antibodies reported include ANNA-1 (30, 31, 57, 58, 83,
84), glutamic acid decarboxylase (GAD65) (30, 85–87), NMDA-
R (30, 56, 88), contactin-associated protein 2 (CASPR-2) (31, 89),
GFAP (30, 31), LGI-1, CRMP5, amphiphysin, and SOX-1 (30).
Novel antibodies recently described specific for PDE10A (19)
and neural intermediate filament (NIF) (30), or molecularly
undefined neural-restricted can also be found (30, 31).

Although many cases have neural specific antibodies, the
absence of an antibody does not exclude the diagnosis of
autoimmune encephalitis if the clinical presentation, timing and
diagnostic testing is suggestive.

Neuromuscular Immune-Mediated

Complications
PNS complications may accompany CNS involvement or occur
in isolation. They are two times more common than CNS irAEs.

Clinical Syndromes

Peripheral Nerve
Case vignette. A 52-year-old male with metastatic melanoma
was treated with a combination of ipilimumab and nivolumab.
After his fourth cycle, he developed back pain, and bilateral
lower extremity numbness and weakness that progressed over 1
week. On exam, he had asymmetrical bilateral lower extremity
weakness, predominantly distal, with areflexia and gait ataxia.
The EMG showed evidence of an acute demyelinating sensory-
motor polyneuropathy with conduction blocks. The MRI of
the lumbar spine demonstrated subtle enhancement of the
nerve roots of the cauda equina. The CSF had lymphocytic
pleocytosis (23 cells/mcL) and elevated protein (159 mg/dL),
with negative cytology. A PET-CT showed a favorable response
of the melanoma to treatment. The patient received IV
methylprednisolone 1 g daily for 5 days with improvement of
his back pain. However, he had no significant change in his
lower extremity weakness, and he developed a left facial palsy.
He was then treated with IVIG 0.4 g/kg/day for 5 days. He
also followed an oral prednisone taper. Three months after
presentation, he had an almost complete recovery with only
mild weakness of the left orbicularis oculi and left anterior
tibialis. Unfortunately, his metastatic melanoma progressed, with
development of new brainmetastasis. He underwent whole-brain
radiation and paclitaxel and carboplatin chemotherapy. After 1

month, patient transitioned to hospice care. This is a typical
case of immune-mediated polyradiculoneuropathy triggered by
ICI treatment.

Neuropathies are the most common peripheral nerve system
complication (30). The clinical presentation is diverse, and
sensory, motor and autonomic nerves may be affected. Cranial
neuropathies and polyradiculoneuropathies are among the most
common neuropathy presentations (90).

Excluding optic nerve involvement discussed in the CNS
complications section, the most common cranial neuropathy
affects the facial nerve, followed by the vestibulocochlear
nerve. Bilateral involvement of these nerves is common (up to
44% of cases in a recent review) (91). Other reported cases
include oculomotor, abducens, trigeminal, and glossopharyngeal
involvement. Multiple cranial nerve involvement may also
occur (27, 30, 53, 67, 77, 90, 91). Cranial neuropathies may
present in conjunction with meningitis (90). Brain MRI can
show enhancement of the affected nerves, and CSF may
show pleocytosis and increased protein (91). Response to ICI
discontinuation and steroid treatment is favorable in two thirds
of the cases (91).

Polyradiculoneuropathies are typically subacute, although
there are also acute cases with a Guillain-Barre like presentation
(26, 30, 53, 67, 90, 92). The Miller-Fisher variant has also
been reported (93). Polyradiculoneuropathies are more often
demyelinating, but can also be axonal. CSF may show elevated
protein level (albumin-cytological dissociation), and pleocytosis
in some cases (90, 94).

Additional neuropathy phenotypes include neuralgic
amyotrophy, phrenic neuropathies, mononeuritis multiplex,
sensory neuronopathy, small fiber, or autonomic neuropathies
(27, 30, 90).

Most neuropathies improve with ICI discontinuation
and steroid treatment. Use of steroids has been associated
with favorable outcomes, with improved disability scores
(Inflammatory Neuropathy Cause and Treatment and modified
Rankin Scale scores) (90). ICI re-challenge can be considered in
less severe cases (54). Even if Guillain-Barre-like syndrome is
classically treated with IVIG, when related to ICI, steroids are
the first-line of treatment (95).

Neuromuscular Junction
Case vignette. A 73 year old male was diagnosed with skin
melanoma stage IIIA (lymph node involvement). After surgical
resection of melanoma, he initiated adjuvant therapy with
pembrolizumab. The patient had a history of ocular myasthenia
gravis (MG) diagnosed 3 years prior, when he presented
with diplopia and had positive muscle acetylcholine receptor
(AChR) antibody. He had no evidence of thymoma. He was
stable on 10mg of prednisone daily. Two weeks after the first
pembrolizumab dose, the patient developed diplopia, generalized
weakness, dyspnea and dysphagia that progressed rapidly. He
presented to the Emergency Department and required intubation
due to respiratory failure. He was diagnosed with MG crisis and
received treatment with plasma exchange, IVIG and increased
dose of prednisone. After hospitalization for 1 month, he had
some clinical improvement and was eventually discharged to a
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long term care facility with a tracheostomy and percutaneous
endoscopic gastrostomy tube. He continued oral prednisone
60mg and IVIG monthly.

The patient presented to our institution 10 months later
for a second opinion due to persistence of diplopia, weakness,
dysphagia and dyspnea. On exam, he had fatigable weakness
of the upper and lower extremities, neck flexion weakness,
flaccid dysarthria, mild facial weakness and diplopia. The EMG
showed a diffuse disorder of neuromuscular transmission with
a superimposed myopathy with diaphragmatic involvement.
AChR binding antibody (0.31 nmol/L, normal <0.02), AChR
modulating antibody (61%, normal <20), and striational
antibody (1:15360, normal < 1:120) were positive. Troponin
was elevated (60 ng/L, normal <15) and CK was normal. A left
deltoid muscle biopsy showed chronic myopathic changes. An
echocardiogram showed normal ejection fraction. Rituximab was
added to his regimen for MG treatment and beta-blockers were
started for his cardiomyopathy.

This is a representative case of an exacerbation of pre-existing
myasthenia gravis with ICI, but also a superimposed myopathy
and cardiomyopathy triggered by the ICI treatment, which were
missed at the time of initial presentation.

Flare up of pre-existing MG and new onset MG after ICI
treatment has been reported. ICI-related MG compared to
spontaneous MG, is characterized by a more severe clinical
presentation, with acute onset and rapid deterioration. Patients
with ICI-related MG more frequently develop facial muscle
weakness, bulbar symptoms and respiratory involvement. For
this reason, many patients require mechanical ventilator support
(96, 97). ICI-related MG seems to have a higher fatality rate
than other irAEs, and it tends to occur earlier after ICI initiation
(median 29 days for MG vs. 61–80 days for other events) (28).

Some patients develop MG overlapping with myositis, with
elevated creatine kinase (CPK), and electrodiagnostic features
of both MG and myositis (96, 97). They may also develop
myocarditis, which may present as heart failure or arrhythmias,
or subclinical elevation of serum cardiac troponin T and
reduction of ejection fraction in echocardiogram (96). Myositis
and myocarditis has been associated with worse outcomes and
higher mortality (28). However, some of the cases initially
diagnosed as MG based on the finding of positive AChR
antibodies, did not have electrodiagnostic features of MG, and
had elevated CPK (97), therefore, it is possible that some of these
patients had in fact myositis.

Ptosis and diplopia in isolation due to neuromuscular junction
involvement has been reported rarely (77).

Discontinuation of ICI and steroids might not be enough
in severe MG cases, and treatment with IVIG and plasma
exchange is often necessary (97). Rituximab or eculizumab can
also be considered.

Lambert-Eaton myasthenic syndrome associated with P/Q
voltage gated calcium antibodies has also been reported in two
patients with SCLC and squamous-cell lung cancer. Both of
them presented with proximal weakness, and one also had ptosis.
Nerve conduction studies showed characteristic facilitation
of the compound muscle action potential with exercise.
ICI was discontinued and treatment included cholinesterase

inhibitors, 3,4-diaminopyridine and steroids, with improvement
of symptoms. One of the patients was subsequently rechallenged
with ICI and had worsening of weakness (98, 99).

Muscle
Case vignette. A 68 year old female with metastatic melanoma
was treated with nivolumab. After the second dose of nivolumab,
she developed generalized myalgias. Nivolumab was continued
for 2 more doses, with myalgias getting progressively worse.
After the fourth dose, the patient had developed weakness of
her upper and lower extremities, dysphagia, dysarthria, and
dyspnea. On exam, she was found to have proximal bilateral
symmetric weakness of the upper and lower extremities (deltoid,
biceps, triceps, hip flexors and quadriceps). She also had
weakness of the neck flexors and flaccid dysarthria. CPK was
above 4,000 IU/L. Striational antibody was positive (1:61440,
normal < 1:120). Needle EMG was consistent with a proximal
myopathy, showing short duration and low-amplitude motor
unit potentials, with early recruitment. Fibrillation potentials
and myotonic discharges were also observed, indicating the
presence of necrosis, splitting, or vacuolization of muscle
fibers. Repetitive stimulation (2-hertz) showed no decrement.
Biopsy of the left deltoid was consistent with a necrotizing
myopathy. She was treated with IVmethylprednisolone 1,000mg
IV for 5 days, followed by oral prednisone 60mg daily with
gradual improvement of her symptoms. She was on prednisone
60mg daily for 2 months, followed by a slow taper over 4
months. Six months after presentation, her neurological exam
was normal.

This is a representative case of myositis after ICI treatment
with a good outcome. Patients typically present with prominent
oculo-bulbar and proximal limb muscles involvement (30, 100).
Myalgia is a frequent symptom, and usually precedes muscle
weakness (92, 101). Respiratory muscle involvement has been
reported in up to 42% of cases, often requiring intubation (100).
The majority of patients present a rapid progression of symptom
severity. CPK is usually significantly elevated above 1,000 IU
(median 680-2,668 U/L) (63, 100–102). EMG shows myopathic
features (30, 100, 101).

The clinical presentation of ICI related myositis
may resemble MG given the significant ocular and
bulbar involvement, but patients do not typically
report fluctuation of weakness (100). Additionally some
cases have muscle AChR-IgG, and this may lead to
a misdiagnosis of MG, but the electrophysiological
findings (no decrement), and absence of response to
acetylcholinesterase inhibitors are not consistent with MG
(100, 101, 103).

Of note, concomitant myocarditis may occur in up to 40% of
the patients (102). Myocarditis is a life-threatening complication
and therefore it should be investigated in all patients presenting
with myositis and/or myasthenia gravis (102, 104).

Myositis typically improves after ICI withdrawal and
treatment with steroids, but unfavorable outcomes are reported,
with 20% mortality in a recent series (30, 100, 101). Patients with
myocarditis and/or MG overlap have longer hospitalizations,
more frequently require additional immunosuppression,
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and are more likely to experience respiratory failure and
death, compared to patients with myositis alone (102).
Respiratory failure requiring intubation is also a poor prognosis
factor (100).

Diagnostic Findings
In peripheral nerve cases, electrophysiologic findings may
provide supportive findings for an immune-related neuropathy,
such as a non-length-dependent, axonal, or demyelinating
polyradiculoneuropathy, sensory neuronopathy, or
mononeuritis multiplex (90). This is helpful to differentiate from
chemotherapy induced neuropathy, which typically presents
with a length-dependent distal symmetric sensory neuropathy.

MRI of the brain and spine may demonstrate nerve root
gadolinium enhancement in cases with cranial neuropathies and
polyradiculoneuropathies (90). Nerve biopsy may be considered
in these cases with nerve root enhancement to differentiate
an inflammatory response from metastatic infiltration or
when a vasculitic neuropathy is suspected (90). CSF analysis
may show albuminocytological dissociation in inflammatory
polyradiculoneuropathies (23).

In cases of myositis, EMG shows myopathic pattern,
predominantly in the proximal limbs (30, 100, 101, 103). EMG
may also identify subclinical axial and limb involvement in
patients with oculobulbar presentation without limb weakness
(100). Repetitive nerve stimulation showing more than 10%
decrement, and single-fiber EMG showing increased jitter,
might be helpful for cases with myasthenia gravis (95). CPK
is elevated in the majority of patients with myopathy, and
aldolase may also be elevated. CPK and aldolase levels are not
as high as other immune mediated necrotizing myopathies (100).
Muscle MRI may reveal intramuscular T2-hyperintensity with or
without contrast enhancement (100, 102). Abnormalities in orbit
MRI with T2-hyperintensity and enlargement of extraocular
muscles have also been observed in patients with myositis and
ocular involvement. PET may show increased FDG uptake in
the muscles (100). Muscle biopsy frequently shows multifocal
clusters of necrotic fibers, which seems to be a distinctive
pattern of ICI-related myositis (30, 100, 101). Inflammation
with predominantly lymphocytic T-cell infiltration has also been
described (101, 102). Cardiac muscle may also be affected, with
elevated troponin in 62–78% of the patients (30, 101), and
decreased ejection fraction in echocardiography in about one
third of the patients (30).

Autoantibodies
Muscle AChR antibodies may be present in serum of patients
presenting with MG but they may also be found in patients with
myositis and do not establish a diagnosis of MG. It has been
hypothesized that the presence of AChR-IgG is a biomarker of the
underlying malignancy or can be related to antigen release from
muscle destruction (101, 105). The presence of muscle AChR-
IgG in patients with thymoma treated with ICI predicted the
development of myositis. Striational antibody is positive in up to
47% of patients presenting with myositis, often at high titer (100).

WHEN TO SUSPECT A NEUROLOGIC irAE

AND WHAT TO DO

New onset neurological symptoms in patients treated with
ICIs that are not easily explained by metabolic abnormalities
or metastatic disease should prompt consideration for an
autoimmune complication, especially if the patient presented
within 3 months from ICI initiation or escalation/change.

Evaluation of patients on treatment with ICI presenting
with neurological symptoms starts with a thorough neurological
history and examination. Subacute onset of symptoms is a clue to
inflammatory etiology. The localization of the symptoms should
guide further investigations.

In most cases with CNS involvement, MRI of the brain and/or
MRI of the spine will help to exclude a structural pathology
related to the tumor such as brain metastasis or spinal cord
compression as the cause of the patient’s symptoms. MRI and
CSF analysis can also help evaluate for carcinomatousmeningitis,
which can be challenging to diagnose. Additionally, CSF
analysis in patients presenting with meningitis and encephalitis
should include infectious studies to exclude bacterial, viral
and fungal meningitis in immunocompromised patients (82).
Evaluation of metabolic abnormalities in patients presenting
with encephalopathy should also be pursued. Neural antibody
evaluation should be obtained in serum and CSF, given that the
finding of a specific neural antibody supports an immune related
adverse event.

In peripheral neuropathies, EMG and nerve conduction
studies are important for differential diagnosis mainly with
chemotherapy induced neuropathies.

In a myositis presentation, EMG, CPK levels, myositis
antibody panel (including anti-SRP,-hydroxymethylglutaryl-CoA
reductase) should be obtained. If the presentation suggests MG,
EMG should include repetitive nerve stimulation and SFEMG
and antibody evaluation should also include muscle AChR and
MUSK specificities. Muscle biopsy can be considered. It is critical
to test troponin and obtain an echocardiogram in all patients
presenting with myositis to rule out cardiac involvement.

Given the severity of neurological immune adverse events
and the risk for disabling deficits if the diagnosis and treatment
are delayed, involvement of a neurologist with experience in
these diseases in a multidisciplinary team is of great importance.
Diagnostic delay may lead to continuation of ICI therapy and
worse outcomes.

GENERAL RECOMMENDATIONS FOR

TREATMENT

The mainstay of treatment of neurological irAEs is to withhold
the ICI. Due to the long pharmacokinetic and pharmacodynamic
effects of these drugs, immunosuppression (usually steroids) to
reduce the immune response is often needed. Guidelines for
the treatment of irAEs according to the organ involved and
the toxicity grade have been issued by the American Society
of Clinical Oncology (82), the Society for Immunotherapy
of Cancer Toxicity Management Working Group (21), and
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more recently the National Comprehensive Cancer Network
(NCCN) (54).

Acute Treatment
ICI discontinuation is usually the first step of treatment,
although it is noteworthy that neurological improvement
has been reported in mild and moderate cases receiving
acute immunosuppressive therapy even without ICI
discontinuation (30).

Corticosteroids are the first-line of acute treatment in patients
with severe neurological irAE, with either IVmethylprednisolone
or oral prednisone (27, 95). Our approach is to use IV
methylprednisolone 1,000mg daily for 5 days, followed by
1,000mg weekly for 6–12 weeks in patients with CNS
involvement (except for mild meningitis). In patients with
neuromuscular complications, prednisone 1 mg/kg daily can also
be considered (35).

In severe cases, ICI discontinuation and steroid treatment
might not be sufficient. IVIG at 0.4 g/kg/day for 3 consecutive
days, followed by weekly for 6–12 weeks, or plasma exchange
every other day for 5–7 treatments can be used (27, 35). There
is also some evidence that patients with ICI-related MG may
benefit from upfront IVIG or plasmapheresis, regardless of initial
severity (97).

In refractory cases, second-line treatments including
rituximab or cyclophosphamide (intravenous or oral) can
be considered. For patients with pre-existing paraneoplastic
neurological syndromes and with severe CNS manifestations,
prompt initiation of these agents may be appropriate (35). The
type of neural antibodies found may guide selection of treatment.
In patients with neural antibodies directed against cell surface
antigens such as NMDA-R-IgG, the antibodies are pathogenic
and B-cell depleting therapies like rituximab are more commonly
used, whereas in patients with neural antibodies directed against
intracellular antigens such as ANNA-1-IgG, the process is
mediated by cytotoxic T-cells and therefore are preferably treated
with cyclophosphamide.

Natalizumab has also been reported to be beneficial in steroid
refractory paraneoplastic encephalitis after ICI treatment but
metastatic brain disease should be a consideration in patients
with malignancies prone to metastasize to the brain. It has been
suggested that natalizumab, unlike other immunosuppressants,
has the potential of reducing adhesion and migration of
leukocytes through the blood-brain barrier without affecting the
systemic immune reaction against malignancy (84).

Alemtuzumab (antiCD52 monoclonal antibody) and
abatacept (CTLA-4 agonist) have been used successfully to treat
steroid refractory myositis and myocarditis (106, 107).

Infliximab (anti TNF-alpha inhibitor) has also been used,
especially in patients with co-occurring non-neurological irAE
(27, 108). Of note, a recent study showed decreased survival in
ICI treated melanoma patients who received anti-TNF agents for
the treatment of irAEs (109).

Long-Term Treatment
In general, prolonged immunosuppression is not recommended,
as it may have a deleterious effect on cancer outcome.

Maintaining steroids for at least 3 months might be appropriate
given the long half-life of ICI (3–4 weeks) (23). Concern
was raised about concomitant use of steroids or other
immunosuppressant during ICI treatment may affect the efficacy
of ICI, as in one study in patients with advanced NSCLC
treated with PD-L1, baseline use of prednisone >10mg daily was
associated with poorer outcome (110). However, in patients with
melanoma treated with nivolumab and ipilimumab, steroids did
not reduce ICI efficacy (111–113).

In case of relapses, or severe cases with prolonged recovery,
maintenance immunosuppression can be considered on a case
to case basis (35). In our and others experience, agents used for
long-term therapy include azathioprine up to 2–3 mg/Kg/day,
mycophenolate mofetil 2,000–3,000 mg/day, and rituximab
1,000mg day 0 and 14 with repetition every 6 months as well as
cyclophosphamide for 6 months (oral 0.8–2 mg/Kg/day based on
renal function, or intravenous 0.6–1.0 g/m2 monthly) (27, 35).

ICI Re-challenge
The safety of ICI reintroduction after the development of a
neurological irAE is unknown and the decision should be made
on a case to case basis. Re-challenge might be considered in
cases of advanced malignancies with limited treatment options
that have responded well to neurological irAE treatment or
only had low severity irAEs. In the latter cases, even though
rare for neurological irAEs ICIs can also be continued. Overall,
the reported incidence of irAE recurrence or development of a
new irAE after ICI re-challenge is 39–55% (114–116). Although
previous guidelines recommended avoiding ICI re-challenge
after CNS autoimmunity (21, 117), it might be well-tolerated
in patients with less severe CNS complications (31, 54). In
patients with myositis alone (without concomitant myocarditis),
ICI rechallenge may be reasonable after resolution of myositis. In
a recent case series, one of five patients withmyositis rechallenged
on ICI had a subsequent flare (102), whereas in another series
all three patients rechallenged developed serious complications
(two recurrent myositis and one colitis) (100). In general, ICI
rechallenge in patients with severe acute manifestations is not
recommended (54).

In a recent case series of patients with severe (grade ≥ 3)
CNS and PNS neurological irAE, half of the 10 patients re-
challenged had a relapse within 6months of the initial events, and
most of them had not received immunosuppression to treat the
first event. The authors propose that immunosuppression could
reduce this rate of recurrence. They also recommend observation
for 2–8 weeks after resolution or stabilization of neurological
symptoms prior to considering ICI reinitiation (27).

It remains to be elucidated whether addition of
immunosuppression to ICI rechallenge could reduce the
risk of relapse.

ICI Treatment in Patients With Pre-existing

Autoimmunity and Paraneoplastic

Disorders
Pre-existing autoimmune disorders can be exacerbated by
treatment with ICI. Case series have reported flares of
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underlying autoimmune disease in 29–55% of patients.
These include psoriasis, rheumatoid arthritis, thyroid disease,
and neurological disorders such as multiple sclerosis and
myasthenia gravis (30, 118–121). In an observational
study among more than 4,438 patients receiving ICIs,
pre-existing autoimmune disease was associated with an
increase in hospitalizations with irAE diagnoses and steroid
treatment (122).

In general, patients with preexisting autoimmune disease
which is non-life threatening, and well-controlled with
low level or no immunosuppression, could be considered
for ICI treatment (113). Clinical evidence of prior CNS
inflammatory disorders (such as multiple sclerosis) is
not considered a formal contraindication to treatment
with ICI in a life-threatening malignancy. However, the
risk benefit ratio should be evaluated on a case by case
basis (44).

A recent study showed that 3 out of 5 patients who developed
autoimmune encephalitis after treatment with atezolizumab
had the HLA-B∗27:05 genotype, which has been associated
with inflammatory conditions such as ankylosing spondylitis,
psoriasis and inflammatory bowel disease. This suggests that
HLA-B∗27:05 genotype could potentially be a risk factor that
needs further investigation (123).

Pre-existing paraneoplastic syndromes (not only neurological,
but also others such as hypertrophic osteopathy and
dermatomyositis), can be worsened by ICI treatment in
up to half of the patients (124). Patients with thymoma
and pre-existing AChR autoantibodies had an increased
risk of developing myositis after treatment with avelumab
(105). In a recent case series, three patients with pre-existing
paraneoplastic syndromes affecting the CNS and positive neural
antibodies (P/Q-type-VGCC, ANNA1, and CRMP-5 IgG)
presented severe worsening of their neurological symptoms,
which did not improve after immunosuppressive therapy
(30). Several additional cases with worsening of pre-existing
paraneoplastic neurological syndromes, mostly associated
with ANNA-1-IgG, and one case with coexisting NMDA-R
IgG have been reported in the literature. The outcomes of
these patients were poor, with high mortality (half of the
cases) (57, 58, 83, 84, 125, 126). Neural antibodies have also
been detected in patients with paraneoplastic syndromes
triggered by ICI, before initiation of treatment, when they
were asymptomatic (33). Caution should be exercised when
using ICIs in patients with pre-existing paraneoplastic
neurological syndromes and neural antibodies. Although
the cost-benefit ratio of universal neural antibody screening
prior to initiation of ICI treatment is unclear, it could be
considered in patients with malignancies classically associated
with neurological autoimmunity such as SCLC and thymoma
(127, 128).

OUTCOME

In our recent Mayo Clinic case series, neurological outcomes
were unfavorable (residual severity ≥3) in one third of the

patients, and favorable (severity grade 1) in 33% (30). This is
similar to other series that reported that approximately one third
of the patients were left with residual deficits after development
of a neurological irAE (24).

Outcomes are worse in patients with CNS involvement
compared to PNS involvement, except for those patients
presenting with meningoencephalitis, who have better outcomes
(31). Other factors associated with unfavorable outcomes include
older age, female gender, lung cancer, higher severity at onset,
and absence of preceding or accompanying non-neurological
autoimmunity (30).

Severe clinical presentation and poor outcomes despite
aggressive treatment are observed in patients who had pre-
existing paraneoplastic CNS syndromes and positive classic
paraneoplastic neural-specific antibodies prior to ICI initiation,
and therefore ICI should be used with caution in these
patients (30). The clinical benefit and cost-effectivity of neural
antibody screening prior to ICI initiation is still unclear, but
it has been proposed for patients with malignancies classically
associated to paraneoplastic syndromes, such as SCLC and
thymoma (30).

Use of steroids to treat severe neurological irAE has been
associated with favorable outcomes (27, 90). In patients with
MG, treatment with IVIG or plasmapheresis as additional first-
line therapy, may also lead to better outcomes than steroids
alone (97).

In rare cases, relapses may occur after discontinuation of
immunosuppressive therapy (30). Risk for relapses may be higher
among patients with involvement of both the CNS and PNS
(compared to involvement of CNS or PNS in isolation). Risk of
relapse is also higher in patients retreated with ICI (27).

Fatality rates are higher in patients presenting with MG,
especially when in combination with myositis and myocarditis
(28); and in patients with encephalitis, with up to 50% mortality
in a series of patients with Ma2 limbic encephalitis (31).

CONCLUSION

Immune checkpoint inhibitors have revolutionized cancer
treatment and its use is expected to grow. Clinicians must be
aware of the diverse spectrum of neurological toxicities associated
with cancer immunotherapy. An increase in the incidence of
paraneoplastic syndromes is likely to occur with the widespread
use of immune checkpoint inhibitors for the treatment of
various malignancies, especially if used in those malignancies
most frequently associated with spontaneous paraneoplastic
syndromes such as SCLC, gynecological cancers and thymic
tumors. Although most neurologic irAE can be managed by
discontinuation of the ICI and steroid treatment, some cases
may be severe and life-threatening. Early recognition and
treatment is critical to maximize recovery. Multidisciplinary
approach including oncology and autoimmune neurology,
as well as other specialists depending on other systems
affected (cardiology in patients with myocarditis) is crucial to
improve patient’s outcomes. This is an ongoing need as novel
oncological treatments may lead to neurological complications
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not only related to ICI, but also chimeric antigen receptor
(CAR) T-cell therapy, which has been associated with unique
neurological complications known as immune effector cell-
associated neurotoxicity syndrome (129).
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Background: Antibodies against glutamic acid decarboxylase (GAD) are associated

with various neurologic conditions described in patients, including stiff person syndrome,

cerebellar ataxia, refractory epilepsy, and limbic and extralimbic encephalitis. There have

been some case reports and investigations regarding anti-GAD65 antibody-associated

encephalitis in adult populations, but pediatric cases are rare. We retrospectively

analyzed the clinical data of three anti-GAD65 antibody-positive patients to explore

the diversity and clinical features of anti-GAD65 antibody-associated pediatric

autoimmune encephalitis.

Methods: The clinical data of a series of three patients positive for anti-GAD65 antibody

were retrospectively analyzed. GAD65 antibodies were determined in serum and CSF

using a cell-based assay.

Results: All three patients were female, and the onset ages were 4 years and 9

months, 6 years, and 16 years old. Their clinical phenotypes included autoimmune limbic

encephalitis, extralimbic encephalitis, and encephalitis combining limbic and extralimbic

encephalitis. The clinical symptoms included seizures, memory deficits, drowsiness,

dysautonomia, and headache. All patients had abnormal carinal MRI and EEG. All

patients received immunotherapy and had transiently good responsiveness, but one

patient then experienced relapse. In follow-up, one patient with extralimbic encephalitis

recovered completely, while two patients with limbic involvement had poor outcomes

with refractory focal epilepsy.

Conclusion: In addition to limbic encephalitis, extralimbic encephalitis is also an

important phenotype in patients who are positive for anti-GAD65 antibodies. Early

diagnosis and immunotherapy can improve the symptoms. However, patients with

limbic encephalitis often have refractory epilepsy in the chronic phase and have a poor

long-term outcome.

Keywords: anti-glutamic acid decarboxylase 65, pediatric, autoimmune encephalitis, extralimbic encephalitis,

limbic encephalitis
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INTRODUCTION

Glutamic acid decarboxylase (GAD), an enzyme that converts
the excitatory neurotransmitter glutamic acid to the inhibitory
neurotransmitter γ-aminobutyric acid (GABA), is widely
distributed within the pancreas, nervous system, and other
organs (1). Anti-GAD65 antibodies (GAD65-Abs) have been
described as biomarkers not only for type 1 diabetes mellitus
but also for several neurological syndromes, such as, stiff-person
syndrome (SPS), cerebellar ataxia (CA), limbic encephalitis
(LE), extralimbic encephalitis (ELE), and drug-resistant
epilepsy (EP) (2–4). There have been some case reports and
investigations regarding GAD65-Ab-associated encephalitis in
adult populations, but pediatric cases were rare, and no cases
involving Chinese children had been reported (5–11). Here, we
report the first case series of GAD65-Ab-associated encephalitis
in Chinese children.

MATERIALS AND METHODS

Study Population
This study was performed in 180 pediatric patients (onset age
<18 y) with possible autoimmune encephalitis from January
2018 to January 2020 who were admitted to the Department of
Neurology, Beijing Children’s Hospital. Serum and CSF samples
were obtained for the detection of autoantibodies, including
autoimmune encephalitis antibody profiles (NMDAR, LGI1,
GABAR, CASPR2, AMPA1, AMPA2, DPPX) and paraneoplastic
antibody profiles (Hu, Yo, Ri, Cv2, Ma2, and amphiphysin).
Patients who had positive anti-GAD65 antibody in paired serum
and CSF samples and had clear evidence of intrathecal synthesis
(IS) were included in this study. Clinical and neuroimaging
data were collected, and regular follow-ups were conducted. All
patients or their guardians provided written informed consent
for the clinical assessment, and the study was registered with
the Registration Project for Pediatric Autoimmune Encephalitis
(medical ethics committee approval number 2019-K-300).

Detection of Anti-GAD65 Antibodies and

Other Autoantibodies
Anti-GAD65 was detected in paired serum and cerebrospinal
fluid (CSF) samples at the Neurological Laboratory of Peking
Union Medical College Hospital by using a cell-based assay
(CBA, EUROIMMUNNeurology Mosaic 13A, FA 112d-1005-13
LS). Tissue-based assay (TBA) and ELISA were used to confirm
the results.

The test steps were performed, as recommended in the kit,
as follows: 30 µl of the serum or plasma (dilution fold 1:10) or
cerebrospinal fluid (original sample) was added to the reaction
zones of the sample plate, and slides containing thin slices
of the biological substrates were then placed onto the plate.
The slides were incubated for 30min at room temperature,
flushed with phosphate buffer solution, and incubated with 25
µl of sheep anti-IgG labeled with FITC for 30min at room
temperature. They were then rinsed with PBS and observed
under a fluorescence microscope.

RESULTS

Clinical Characteristics
Three of 180 pediatric patients tested positive for anti-GAD65 Ab
in both serum andCSF samples. The clinical data are summarized
in Table 1.

Case 1
A 6-year-old girl presented with a 3-month history of
intermittent focal seizures, headache, and decreased memory
function. Hermother had hyperthyroidism, whichwas controlled
very well with drugs. Her neurological examination was
unremarkable. Routine biological tests, including biochemical
tests and serum screening tests for infectious disease, metabolic
abnormalities, systemic autoimmune diseases, tumor markers,
and thyroid function, were unremarkable. Brain MRI showed
abnormally high T2 and fluid-attenuated inversion recovery
(FLAIR) signals in the bilateral hippocampus in association with
swelling (Figures 1A,B). A 2-h video-electroencephalography
(VEEG) recording showed that the right hemisphere had
epileptiform activity. CSF analysis revealed eight white blood
cells per cubic millimeter, normal glucose and protein, and
positive oligoclonal banding (OCB). Serum and CSF screening
for paraneoplastic antibodies were negative, as was tumor
screening. However, both serum and CSF were positive for
GAD65-Abs and had titers of 1:100 and 1:320, respectively.
The patient was treated with intravenous methylprednisolone
(20 mg/kg.d × 3 d) and immunoglobulins (IVIG) (2 g/kg).
Two weeks later, her headache and seizure had improved, and
she was discharged. Eighteen months after diagnosis, although,
taking three anti-epileptic drugs (levetiracetam 50 mg/kg.d,
oxcarbazepine 40 mg/kg.d, and topiramate 5 mg/kg.d), the
patient still had focal seizures one-two times every week.
Repeated brain MRI showed that the abnormal signals improved.

Case 2
A 16-year-old girl presented with a 2-year history of remitted
focal seizures and memory deficits. She was diagnosed with
thyroiditis at 11 years old, and her father had hyperthyroidism.
Initial brain MRI revealed bilateral hippocampal hyperintensity
in T2-weighted sequences and FLAIR sequences (Figures 1C,D).
CSF analysis demonstrated pleocytosis (310 white blood cells
per cubic millimeter), but the cytopathology was unremarkable.
EEG revealed a slowed theta rhythm with bilateral temporal
spike-wave discharges. The thyroid peroxidase (TPO) antibody
titer was increased to 149.10 IU/ml (normal 0–60 IU/ml). Five
months after onset, screening for autoimmune encephalitis-
associated antibodies showed that the patient’s serum and
CSF were both positive for GAD65-Abs at a titer of 1:10
(TBA, by EUROIMMUN), OCB was positive, and the Ig
index was increased to 1.34 (normal: 0.3–0.7). The patient’s
symptoms and memory were transiently improved after IVIG
(2 g/kg) and methylprednisolone (20 mg/kg.d × 3 d) were
given. Fifteen months after onset, she developed autonomic
imbalance, including dysrhythmia, hypothermia/hyperthermia,
and hyperhidrosis. Repeat brain MRI showed abnormalities
in the bilateral frontal lobe, left parietal lobe, right temporal
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TABLE 1 | Pediatric cases of anti-GAD65 antibody-associated encephalitis in our study and previous studies.

Case Gender/onset

age (year)

Clinical features Autoimmune

disorders

GAD65 antibody titer OCB Brain MRI EEG Immunomodulatory

treatment

Prognosis

Serum CSF

P1 F/6 Seizure, headache,

memory deficient

None 1:100 (CBA) 1:320 (CBA) Positive Bilateral hippocampus Right-sided

epileptiform discharges

IVIG, MP, oral steroid Refractory focal

seizures

P2 F/16 Seizure, memory

deficient, depression,

dysautonomia

Thyroiditis 1:32 (CBA) 1:32 (CBA) Positive Initial: bilateral hippocampal

15th month: bilateral frontal

lobe, left parietal lobe, right

temporal lobe and insular

cortex and subcortical white

matter and bilateral

hippocampus

5 years follow-up:

parenchymal atrophy

Slowed theta rhythm

with bilateral temporal

spike-wave discharges

IVIG, MP, oral steroid,

RTX

Persistent memory

impairment and

refractory focal seizures

P3 F/4y9m Vomiting, headache,

confusion

None 1:100 (CBA) 1:320 (CBA) Positive Brainstem, thalamus, basal

ganglia, bilateral cerebral,

and cerebellar hemispheres

Slowed theta rhythm IVIG, MP, oral steroid Complete recovery

P1′ [5] M/6 Epilepsia partialis

continua, aphasia

Type 1

Diabetes

Mellitus

19610 U/ml

(normal range

< 1.0 U/ml)

3325 U/ml

(normal range

< 1.0 U/ml)

NM Initially: normal

Later: lesions of the gray

matter involving the occipital

and frontal cortex, left

insular region

and cerebellum

Left-sided epileptiform

discharges and slowing

High-dose steroids,

IVIG, PE

Seizure free

P2′ [6] F/16 Complex partial seizure

and status epilepticus,

academic function

decline

Common

variable

immune

deficiency

(CVID)

>300 IU/ml

(normal range

0–1.45)

>300 IU/ml

(normal range

0–1.45)

NM Initially: bilateral

hippocampal

T2 hyperintensities

1-year later: bilateral mesial

temporal sclerosis

Bilateral temporal onset

complex partial status

epilepticus

MP, IVIG Refractory seizures

P3′ [7] F/2.1 Refractory seizures,

developmental

regression, memory

impaired, ataxia

Type 1

Diabetes

mellitus

3400 IU/ml

(normal range

< 10 IU/ml)

13 U/ml

(normal range

< 1 U/ml)

Positive Initially: normal

3 years later: bilateral

hippocampal, cortical, and

cerebellar atrophy

Multifocal discharges

and right frontal

seizures

MP, PE, MMF, RTX Clinical improvement

but had refractory

seizures

P4′ [8] M/15 Headache, transient

memory disturbance,

seizures, behavior

change

None 1:160000

(CBA)

1:128000(CBA) Positive T2/FLAIR

signal of the right

hippocampus and

amygdala, mildly increased

signal in the left amygdala

Interictal epileptiform

discharges arising

independently from

right frontotemporal

and left posterior head

regions

IVIG, RTX,

prednisone

Excellent seizure

control; improvement

of transient global

amnesia-like episodes

P5′ [9] M/7 Behavioral changes,

dysphagia, ptosis,

diplopia, and

drowsiness

None Positive Positive NM Normal Epileptiform

abnormalities both

temporal regions

IVIG, PE Complete recovery

P6′

[10]

F/9 Temporal lobe seizures,

generalized tonic-clonic

seizures, Mood and

behavioral disturbances,

autonomic imbalance

None Positive Positive NM Normal Slowed theta rhythm

with bilateral

fronto-temporal spike

wave discharges

MP, IVIG, RTX 6 months: died

P, patients in our study; P, patients in a previous study; OCB, oligoclonal band; RTX, rituximab; MP, methylprednisolone; PE, plasma exchange; IVIG, intravenous immunoglobulin; MMF, mycophenolate mofetil; CSF, cerebrospinal fluid;

CBA, cell-based assay; MRI, magnetic resonance imaging; NM, not mentioned.
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FIGURE 1 | Brain magnetic resonance imaging findings of three patients with anti-glutamic acid decarboxylase 65 (GAD65) antibody-associated neurological

syndromes. Patient 1: (A) An axial fluid-attenuated inversion recovery (FLAIR) sequence and (B) a coronal T2 sequence show increased signals in the bilateral

hippocampus. Patient 2: (C,D) Axial FLAIR sequences demonstrate hyperintensity in a focal area of the right cingulate cortex and the bilateral hippocampus upon

initial presentation, (E,F) new cortical/subcortical lesions at 15 months, and (G,H) progressive atrophy and temporal sclerosis at the 5-year follow-up. Patient 3: (I–K)

Axial FLAIR sequences demonstrate diffuse abnormalities in the brainstem, thalamus, basal ganglia, and bilateral cerebral hemispheres; (L) Enhanced MRI shows no

enhancement.

lobe, and insular cortex as well as the subcortical white matter
and bilateral hippocampus (Figures 1E,F). Both serum and CSF
were still positive for GAD65-Abs, with titers of 1:10 and 1:32,
respectively. However, the symptoms of refractory focal motor
seizures and dysautonomia did not respond to treatment with
antiepileptic drugs, methylprednisolone, immunoglobulins, and
one cycle of rituximab (375 mg/m2

× 4 times). Twenty-five
months after onset, the patient developed persistent depression
and was given sertraline. For economic reasons, she was
irregularly receiving IVIG and steroid immunotherapy at the
local hospital. At the last follow-up, 5 years after onset, she
had persistent memory impairment and refractory focal seizures.
Repeat brain MRI showed parenchymal atrophy (Figures 1G,H).

Case 3
A girl aged 4 years and 9 months presented with a 1-day
history of fever, vomiting, headache, and diplopia followed
by coma. Her personal history and family history were
unremarkable. Neurologic examination showed coma (Glasgow
Coma Scale score 8), hyperactive deep tendon reflexes, and
a positive Babinski sign. Brain MRI showed multiple diffuse
abnormalities in the brainstem, thalamus, basal ganglia, and

bilateral cerebral and cerebellar hemispheres on T2-weighted
FLAIR imaging without enhancement (Figures 1I–L). A 2-h
VEEG recording showed a slowed theta rhythm. CSF analysis
revealed 11 white blood cells per cubic millimeter, along
with normal glucose and protein. CSF cytopathology was
unremarkable. Both serum and CSF were positive for GAD65-
Abs, with titers of 1:100 and 1:320, respectively (Figure 2).
OCB was positive. Screenings for paraneoplastic antibodies,
anti-myelin oligodendrocyte glycoprotein (MOG) antibodies,
and tumors were all negative. The patient was treated with
methylprednisolone (20 mg/kg.d × 3 d) and IVIG (2 g/kg)
and made a full recovery. After 2 weeks, she had no remaining
symptoms and was discharged. A follow-up MRI after 1 month
showed that the scope of the lesions was narrowed, the signal
intensity was decreased, and the CSF GAD65-Ab titer was
reduced to 1:32. At the last follow-up, 13 months after diagnosis,
the patient had no symptoms, and MRI was normal.

Antibody Detection Results
The serum antibody titers were 1:100, 1:10, and 1:32 in cases
1, 2, and 3, respectively. The CSF antibody titers were 1:320,
1:32, and 1:100 in cases 1, 2, and 3, respectively (Figure 2).
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FIGURE 2 | Indirect immunofluorescence assays of serum and cerebrospinal

fluid (CSF) in patient 3. Cell-based assays of serum (A) and CSF (B) were both

positive. Tissue-based assays of serum (C) and CSF (D) were both positive.

All three patients had positive TBA in serum and CSF and
serum concentrations >2,000 IU/ml by ELISA. All three patients
tested negative for an autoimmune encephalitis antibody profile
(NMDAR, LGI1, GABAR, CASPR2, AMPA1, AMPA2, DPPX)
and a paraneoplastic antibody profile (Hu, Yo, Ri, Cv2, Ma2,
and amphiphysin).

DISCUSSION

GAD65-Abs are a rare but important cause of pediatric
autoimmune encephalitis. As an intracellular antibody, the
pathogenic role of GAD65 antibody in neurologic disorders is
unclear. However, patients with high antibody concentrations
had well-defined clinical phenotypes that have been classically
associated with GAD65- Abs, such as, SPS, CA, AE, and EP.
Compared to adults, the most common neurologic disorders in
children are LE, ELE, and EP.

Several pediatric cases have been reported in the literature
(summarized in Table 1). Here, we report three pediatric patients
with GAD65-Ab-associated AEs. Among the nine pediatric
patients reported in the literature and in this article, five cases
were LE, three cases were ELE, and one case was a combination
of limbic and extralimbic encephalitis. The clinical symptoms
included seizures (seven cases), memory loss (five cases), loss
of consciousness (three cases), behavioral abnormalities (three
cases), cognitive impairment (two cases), headache (two cases),
autonomic symptoms (two cases), ataxia (one case), dysphagia
(one case), and aphasia (one case). LE patients clinically present
with subacute onset impaired working memory, psychiatric
symptoms, and seizures. MRI shows bilateral T2-W/FLAIR
hyperintensities that are highly restricted to the temporal
lobes in the acute phase, and hippocampal sclerosis/atrophy
often occurs during follow-up (12). ELE is also observed in
patients with GAD-Abs. The clinical manifestations of these
patients may resemble those of LE, or without seizures, they

may have severe autonomic symptoms, brainstem symptoms,
cerebellar symptoms and so on. MRI presents with hyperintense
cortical/subcortical lesions in T2W/FLAIR MRI sequences and
hypermetabolic lesions in PET scans (3), usually without
contrast enhancement. Cases combining limbic and extralimbic
encephalitis or normal MRI have also been described. Patient
three in our study did not initially have seizures, and the clinical
manifestations and MRI mimicked pediatric acute disseminated
encephalomyelitis. Therefore, GAD65-Abs should be considered
an important cause of extralimbic encephalitis and should be
tested for patients with that condition. Patient two presented
with dysautonomia, which was accompanied by depression, a
symptom that is rarely reported. This suggests that psychological
assessment may also be important in long-term follow-up.

The diagnosis of GAD65-Ab-associated neurological
syndromes is based on clinical grounds plus the presence of
high anti-GAD65 Ab titers or the detection of intrathecal
synthesis (IS) in CSF (3). Although GAD65-Abs can be detected
through a number of methods, the most common is ELISA
in prior research. In our research, we detected GAD65-Abs
in serum and CSF through CBA and used TBA and ELISA to
confirm the positive cases. Maarten J. Titulaer (13) compared
three different laboratory techniques in GAD65-Ab-associated
syndromes, including ELISA, CBA, and immunohistochemistry,
and found that 100% of high-concentration samples were
positive for CBA, and 96% of low-concentration samples were
negative. CBA is more specific, especially if a different antibody
is concomitantly present in the tested sample. According to
prior studies and our own case series, CBA could be considered
a good screening method for suspected patients. In addition,
TBA has an important value in defining antibodies. The specific
affinity of CSF and serum samples with rat brain tissue is an
indirect verification of antigenicity. For CBA-positive patients,
TBA positivity was further verified. Especially for patients
with negative CBA, the significance of positive TBA is more
important. All three patients in our study showed high titers of
anti-GAD65 antibodies in serum and cerebrospinal fluid, and
the antibody titer reduced as clinically improved, but did not
disappear. Both patients one and two had refractory epilepsy
in the chronic phase. The antibody titer of patient one was
significantly higher than that of patient two, but the frequency
and severity of seizures were lower than those of patient two.
This also confirms that the titers of anti-GAD65 antibodies
seem to be not associated with the frequency of seizures and
the severity of disease among different individuals. However,
reduced antibody titers are observed in patients who clinically
respond to treatment, but persistently high titers are often
associated with poor clinical response.

There are no prospective trials to guide management,
so the treatment experiences are all derived from case
reports. In general, this syndrome is considered to be less
responsive to immunotherapy than other subsets of autoimmune
encephalitis in which antibodies target cell surface proteins.
The first-line treatment is intravenous methylprednisolone,
intravenous immunoglobulin (IVIG), and plasma exchange,
the same as in other autoimmune encephalitis. Clinically,
some patients had a transient good responsiveness to first-line
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treatment with a significant decrease in seizure frequency and
improvement in memory and behavioral disturbances. Some
patients may require second-line therapy, including rituximab
(RTX), cyclophosphamide (CPM), or mycophenolate mofetil
(MMF) (14), but the efficacy varies in different case reports. All
nine reported pediatric patients (including patients reported in
the literature and in this article) had a transient good response
after first-line immunotherapy. However, after 6 months ∼6
years of follow-up, three ELE patients had good clinical recovery
without residual MRI lesions, and one LE patient died. The
prognosis of the other five patients with limbic lobe involvement
was poor; even after second-line therapy, all had refractory
focal epilepsy and cognitive impairment, and four of them
had hippocampal sclerosis/atrophy during follow-up. We think
that limbic lobe involvement may be a risk factor for chronic
refractory epilepsy and poor prognosis, but the sample size is
small, the specific factors affecting the prognosis are currently
unclear, and a large sample of research is still needed.
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The association between multiple sclerosis and anti-N-Methyl-D-Aspartate receptor
encephalitis is limited to merely a few case reports, and the exploration of the
pathogenic mechanisms underlying the overlap of these two disease entities is very
limited. Therefore, case reports and literature review on N-Methyl-D-aspartate receptor
antibody in patients with multiple sclerosis are unusual and noteworthy. A young female
had the first episode of paresthesia and motor symptoms with positive anti-N-Methyl-D-
Aspartate receptor antibody and recovered after immunotherapy, and at the first relapse,
the patient developed disorders of consciousness with positive anti-N-Methyl-D-
Aspartate receptor antibody, findings of magnetic resonance imaging showed features
of autoimmune encephalitis, which was also controlled by immunotherapy. At the second
relapse, anti-N-Methyl-D-Aspartate receptor antibody turned negative while oligoclonal
bands presented positive, and findings of magnetic resonance imaging showed features
of multiple sclerosis. Afterwards, we followed the patient after receiving disease modifying
treatment to monitor the efficacy and safety of teriflunomide. Based on literature review,
demyelinating diseases patients with anti-neuronal antibody have complex, diverse and
atypical symptoms; therefore, high attention and increased alertness are necessary for
neurologists. Conclusively, anti-neuronal antibody may present in many
neuroinflammatory conditions, and diagnostic criteria should be used with caution if the
clinical presentation is atypical, and neurologists should not rely excessively on laboratory
tests to diagnose neurological diseases. Timely and comprehensive examination and
consideration as well as early standardized treatment are the key factors to reduce patient
recurrence and obtain a good prognosis.

Keywords: anti-N-methyl-D-aspartate receptor antibody, multiple sclerosis, disease modifying treatment, case
report, impaired consciousness
INTRODUCTION

Multiple sclerosis (MS), as a chronic and predominantly immune-mediated disease of the central
nervous system, is one of the most common causes of neurological disability in young adults
globally (1). MS is characterized by the formation of lesions, inflammation, and the destruction of
myelin sheaths of neurons, which results in diplopia, muscle weakness, and trouble with sensation
org April 2021 | Volume 12 | Article 6643641227
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or coordination (2). In clinical practice, the diagnosis of patients
with MS is based on typical and common symptoms and signs of
demyelinating disorders, while if atypical symptoms occur, the
MS diagnosis should be reevaluated, with the help of long-term
follow-up and multidimensional indicators, such as oligoclonal
band (OCB) and evidence of spatial and temporal dissemination
of the lesion on magnetic resonance imaging (3).

Anti-N-Methyl-D-Aspartate receptor (anti-NMDAR)
encephalitis, characterized by the presence of IgG autoantibody
against NMDAR in serum and cerebral spinal fluid (CSF), affects
mainly pediatric and young adult female patients. The typical
symptoms of anti-NMDAR encephalitis are psychosis, seizures,
dyskinesias, memory deficits, speech problems, and autonomic
instabilities (4). The finding of autoantibody against NMDAR in
the central nervous system demyelinating diseases is limited to a
few case reports, such as myelin oligodendrocyte glycoprotein
(MOG) inflammatory demyelinating diseases (5), neuromyelitis
optica spectrum disorders (NMOSDs) (6), and acute disseminated
encephalomyelitis (ADEM) (7), and the association between anti-
NMDAR antibody and MS is even more rare (8). Therefore, we
reported a case report of a patient with MS who presented with a
course of anti-NMDAR encephalitis. In addition, we followed the
patient after receiving disease modifying treatment to monitor the
efficacy and safety of teriflunomide. We present the following case
in accordance with the CARE reporting checklist.
CASE REPORT

Initial Admission (April, 2016)
A 16-year-old female undergraduate student from China suffered
from headache and fever after catching a cold at the end of April
2016. Subsequently, she felt numbness on the soles of both feet
and the numbness gradually elevated to her waist, accompanied
by limb weakness and unstable walking. 10 days after the
numbness, limb weakness, and unstable walking, the patient
experienced diplopia, so she visited a hospital for treatment in
May 2016. Physical examination revealed limited abduction of
the left eye, limited adduction of the right eye, horizontal
nystagmus, grade 4 muscle strength of four limbs, decreased
position sense, deep tendon hyperreflexia, positive Hoffman and
Babinski signs, positive Romberg sign, and waddling gait.
Besides, the magnetic resonance imaging (MRI) test revealed
that lesions in medulla oblongata and pontine tegmentum
(Figures 1A–C), the findings of CSF disclosed positive anti-
NMDAR antibody (Table 1), electroencephalogram showed
mild abnormal electroencephalogram (slow basic rhythm),
and the ultrasound examination revealed polycystic ovary.
Although the patient had autoimmune encephalitis antibody
and thus met the diagnostic criteria for anti-NMDAR
encephalitis (9), the physician diagnosed her with a possible
anti-NMDAR encephalitis, because of the patient’s atypical
symptoms. After immunotherapy (Intravenous immunoglobulin,
intravenous high-dose methylprednisolone, and oral glucocorticoid,
the patient’s numbness, myodynamia, ataxia, and diplopia recovered,
and anti-NMDAR antibody in the CSF turned negative. Since the
Frontiers in Immunology | www.frontiersin.org 2228
patient had no obvious complaints and symptoms, the gynecologist
recommended observation and follow-up for the polycystic ovary.

After discharge, the dose of oral glucocorticoid was gradually
reduced and her condition had been stable until February 2017.
Second Admission (February, 2017)
In February 2017, her symptoms recurred and she developed
fatigue and disorders of consciousness. She was admitted to our
institution. Physical examination revealed horizontal nystagmus
in left eye, grade 4 muscle strength of four limbs, negative
Babinski’s sign but positive Chaddock’s sign. The MRI
examination showed multiple lesions and presented features of
autoimmune encephalitis (Figures 1D–F) and the anti-NMDAR
antibody in CSF turned positive again, as well as thyroid-
associated antibody increased. Combined with her clinical
symptoms, positive anti-NMDAR antibody and result of MRI
examination, the patient met the diagnostic criteria for anti-
NMDAR encephalitis. After immunotherapy (Intravenous
immunoglobulin, intravenous high-dose methylprednisolone,
and oral glucocorticoid), most symptoms improved, but mild
fatigue and hypersomnia remained (Table 1).

After discharge, the dose of oral glucocorticoid was gradually
reduced, but azathioprine was used to treat symptoms of
hypersomnia and decreased memory and numeracy. However,
due to severe impairment of liver function, azathioprine was
discontinued and switched to mycophenolate mofetil.
Third Admission (August, 2018)
In August 2018, she developed headache, fatigue, and severe
decrease in memory and numeracy. Physical examination
revealed limited adduction of the right eye, horizontal
nystagmus, brisk tendon reflex, positive Hoffman and Babinski
signs, and decreased pinprick sense over the upper limbs. The
MRI test found that there were new lesions in the brainstem,
periventricular, and corpus callosum (Figures 1G, H), the evoked
potential test presented that the central segment of bilateral auditory
pathway and the bilateral visual pathway were both injured, and
OCB was positive in CSF. She was carefully evaluated for seizures,
dyskinesia, psychiatric or neuropsychological symptoms, and we
considered that her course and symptoms were most compatible
with relapsing remitting MS (3), but the patient’s disturbance of
consciousness and brain lesions at the first relapse might be closely
related to anti-NMDAR antibody. Afterwards, the expanded
disability status scale (EDSS) was used to evaluate the severity and
progression of MS, and she reached 1.5. Neurologists advised the
patient that teriflunomide (a disease modifying drug) should be
used as soon as possible to control disease progression, but she
adhered to mycophenolate mofetil due to financial burden
(Table 1).

After discharge, the patient voluntarily stopped immunotherapy
against medical advice in May 2019.
Fourth Admission (August, 2019)
In August 2019, symptoms of decreased memory and numeracy
relapsed and she developed urinary incontinence and narcolepsy,
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without significant abnormalities on physical examination. Her MRI
test showed new spotted lesions in the left frontal lobe and a lesion in
the thoracic spinal cord of thoracic spine 6-7 (Figures 1I–K) and
her EDSS was 2.0. Subsequently, the patient was treated with
immunotherapy (Intravenous high-dose methylprednisolone, oral
glucocorticoid), and all symptoms were relieved after treatment.
The patient decided to receive teriflunomide to decrease the
disease activity.
Frontiers in Immunology | www.frontiersin.org 3229
DIAGNOSTIC ASSESSMENT AND
PATIENT PERSPECTIVE

We followed the patient closely since she received teriflunomide. On
the one hand, to assess the safety of teriflunomide, we monitored
blood routine and liver and kidney function before and 1, 3, 6, 12,
and 18 months after teriflunomide use, and all parameters were
within the normal range. In addition, a questionnaire was used to
FIGURE 1 | Magnetic Resonance Imaging Findings. (A–C) At first onset, MRI demonstrated patchy lesions in the medulla oblongata and dorsal pons; (D–F) At first
recurrence, MRI demonstrated multiple lesions in the brain; (G, H) At second onset, MRI demonstrated pons lesions, consistent with the diagnosis of multiple
sclerosis; (I–K) Before teriflunomide administration, MRI demonstrated new punctate enhancing lesions in the left frontal lobe and abnormal signals in the thoracic
spinal cord at T6-7 of the skull and spinal cord; (L–N) After 6 months of teriflunomide use, MRI demonstrated that the lesions were reduced, especially in the spinal
cord; (O, P) After 1 year of teriflunomide use, MRI demonstrated that the patient’s lesions were reduced. The arrowhead showing lesions in MRI. MRI, Magnetic
resonance imaging.
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document her experience and adverse effects, and she felt that
symptoms had improved significantly since the use of
teriflunomide, with no other adverse effects other thanmild alopecia.

On the other hand, to reflect the efficacy of teriflunomide, we
evaluated her MRI tests, EDSS, and serological indicator before
and after medication. As shown in (Figures 1L–N), spinal cord
lesion volume was significantly reduced when patients used
teriflunomide for half a year compared with that before
teriflunomide use. In addition, Figures 1O, P show the lesions
of the patient after 1 year of teriflunomide use, and a decrease in
the volume and number of lesions was observed. Besides, after
treatment with teriflunomide, her EDSS decreased from 2 to 1
and the level of serum Neurofilament light, a sensitive and
clinically meaningful blood biomarker to monitor tissue
damage and the effects of therapies in MS (10), experienced a
significant drop from 66.66 pg/ml before treatment to 55.35 pg/ml
at half a year, to 36.1 pg/ml at one year, to 27.72 pg/ml at one and a
half years.
DISCUSSION

Diagnostic Reasoning
On the first attack, although the anti-NMDAR antibody was positive,
anti-NMDAR encephalitis presenting with pyramidal signs, sensory
symptoms, ataxia and cranial nerve signs (ophthalmoplegia and
nystagmus) with a brain stem inflammatory lesion would be extra-
ordinarily unusual. Moreover, the patient’s symptoms were more
consistent with the clinical features of inflammatory demyelinating
Frontiers in Immunology | www.frontiersin.org 4230
disease. The absence of the examination was regrettable as the
patient presented to other hospitals on her first admission.
However, the positive OCB cannot be fully used as a basis for the
diagnosis of MS, even if the patient has evidence of multispatial
lesions and multitemporal lesions (positive OCB), because OCB can
appear positive when anti-NMDAR antibodies are positive (11) (12).
Conversely, if the OCB was negative at her first admission, the
diagnosis of MS cannot be fully supported, and the diagnosis
remains controversial due to positive anti-NMDAR antibodies. It
is undeniable that a comprehensive examination is necessary to
confirm the clinical diagnosis.

On the second attack, the patient’s MRI showing multiple
intracranial lesions, especially in the hippocampus, were
compatible with brain MRI characteristics of patients with anti-
NMDAR encephalitis (13). Importantly, impaired consciousness was
atypical of MS, while loss of consciousness, cognitive impairment
and deficits in memory and numeracy are the most common
symptoms of anti-NMDAR encephalitis (14), demonstrating that
the re-positive anti-NMDAR antibody might play a pathogenic role
in this episode and the patient met the diagnosis of anti-
NMDAR encephalitis.

On the third and fourth attack, the patient’s MRI findings
showed that the lesions were distributed in the paraventricular,
medullary, cervical, and thoracic spinal cord segments, which
were consistent with the MRI features of MS (15). Besides, the
diagnosis of MS is supported by the patient’s symptoms as well as
the positive OCB.

Overall, demyelination and antibody-associated encephalitis
overlapped in this patient, and the differentiation between both
clinical pictures is more a continuum then a dichotomic process.
TABLE 1 | Clinical characteristic laboratory data and treatments in first and relapse episode.

Characteristic Initial Admission Second Admission Third Admission

Symptoms Numbness and weakness of lower
limbs, ataxia, diplopia;

Numbness and weakness of lower limbs, ataxia, diplopia,
fatigue, and disorders of consciousness;

Fatigue, headache, decreased
memory and numeracy;

Laboratory Examinations
CSFP, mmH2O 165 108 140
CSF WBC*106/L 24 57 8
CSF anti-NMDAR-ab Positive Positive Negative
Serum anti-NMDAR-ab Negative Negative Negative
CSF antibodies to AMPA1, AMPA2,
CASPR2, LGI1, GABAR

Negative Negative Negative

Serum antibodies to AMPA1,
AMPA2, CASPR2, LGI1, GABAR

Negative Negative Negative

CSF oligoclonal bands / / Positive
Serum oligoclonal bands / / Negative
CSF/Serum AQP4-ab / / Negative
CSF/Serum anti-MOG-ab / / Negative
Other Abnormal Findings
FT3 4.25, pmol/L (2.8-7.1) 1.99, pmol/L (2.8-7.1) 2.86, pg/ml (2.3-4.2)
FT4 14.18, pmol/L (12-22) 11.5, pmol/L (12-22) 1.13, ng/dl (0.89-1.76)
TSH 2.4, mIU/L (0.27-4.2) 0.405, mIU/L (0.27-4.2) 1.99, uIU/ml (0.55-4.78)
TGA 41.12, IU/mL (0-115) 268.9, IU/mL (0-115) 10.83, IU/ml (< 115)
TPO 5.02, IU/mL (0-34) 102.8, IU/mL (0-34) 12.87, IU/ml (< 34)
Treatment of Acute Phase IVIg + Intravenous HDMP IVIg + Intravenous HDMP MMF (1.5 g/d)
Treatment of Remission Oral GC (initial 60 mg/d and

decreased 5 mg every 2 weeks)
Oral GC (initial 60 mg/d and decreased 5 mg every 4

weeks)
MMF (1.5 g/d) !

Teriflunomide (14 mg/d)
AZA (100 mg/d) !

MMF (1g/d)
April 202
IVIg, intravenous immunoglobulin; HDMP, high-dose methylprednisolone; AZA, azathioprine; MMF, mycophenolate mofetil; GC, glucocorticoid.
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Diagnostic Challenges
The diagnosis of autoimmune encephalitis has always been a
challenge. MRI, as an approach to aid in the diagnosis of
autoimmune encephalitis, may not demonstrate specific
abnormalities in most cases (16). For example, a case of anti-
NMDAR encephalitis presented with MS-like demyelinated lesions
(17). In terms of clinical features, anti-NMDAR encephalitis has
diverse and complex clinical phenotype, including abnormal
behavior (paranoia, hallucinations, and aggression), cognitive
impairment, memory deficit, speech disorder, loss of
consciousness, movement disorder, seizures, autonomic
dysfunction. Importantly, it is common that some typical
symptoms may be delayed, and the presence of anti-NMDAR
antibody precedes the occurrence of anti-NMDAR encephalitis-
related symptoms. Based on a retrospective analysis, there are 107
of 532 patients with anti-NMDAR encephalitis may not meet
diagnostic criteria within the first month of symptom onset (14).
Moreover, anti-NMDAR encephalitis may be comorbid with other
diseases, resulting in atypical patient symptoms and diagnostic
challenges, which requires long-time follow-up to retrospectively
assess the disease course. Thus, detection of anti-NMDAR antibody
in patient’s serum or CSF is considered the gold standard
diagnostic test for anti-NMDAR encephalitis (18).

Actually, the maturation of anti-neuronal antibodies detection
technology has brought new challenges. In our patient, the clinical
symptoms presented at the first episode were not consistent with
typical encephalitis, and the possibility and complexity of the
disease could not be considered comprehensively if the disease was
diagnosed based on laboratory tests alone. Therefore, at the first
admission of patients, the incompleteness of examination is the
deficiency of the diagnosis process, which is worth reflecting on.
However, it is undeniable that this case reflects the current status
of patient visits in the real world. In clinical practice, it is highly
recommended that the diagnostic criteria should be used with
caution and not used for over diagnosing neurological conditions
based on a laboratory test, especially when the clinical presentation
is atypical. In addition, the lack of comprehensive understanding
of the diagnosis and clinical tests of the disease will result in
treatment and diagnostic delays or even affect prognosis, especially
when the standard treatment of anti-NMDAR encephalitis is
useful for MS relapse, providing false reassurance of remission.
Anti-NMDAR Encephalitis and
Multiple Sclerosis
The positive anti-NMDAR antibody in demyelinating disorders
are limited to a few reports (19), implying co-existence between
demyelinating diseases and anti-NMDAR encephalitis (20).
Undeniably, the differential diagnosis of multiple intracranial
lesions is a challenging task, especially when the clinical features
are neither specific nor unique, or laboratory tests do not
correspond to clinical symptoms. We reviewed all case reports
on MS and anti-NMDAR encephalitis, and the results of the
literature review, containing the first case from England (21),
along with one from Japan (22), two from Germany (8) (23),
three from England (24) (25), one from Turkey (26), one from
Frontiers in Immunology | www.frontiersin.org 5231
Austria (19), and one from China (27), are presented in Table 2.
Through collation of previous cases, we found that only two male
patient out of 10 had co-existence of anti-NMDAR encephalitis
and MS, a proportion higher than the male-to-female ratio in MS
(28) and anti-NMDAR encephalitis (29). In addition, the average
age of these 10 patients was 30.1 years, and most cases presented
with MS symptoms preceded by anti-NMDAR encephalitis, with
the opposite course occurring in only two patients. Interestingly,
our reported patient first presented with symptoms of
inflammatory demyelinating disease of the central nervous
system with positive anti-NMDAR antibodies, followed by
anti-NMDAR encephalitis symptoms, and finally presented
with MS. These 10 patients studied presented anti-NMDAR
encephalitis symptoms, of which seizures, psychosis, and
disorders of consciousness were more common. Similarly,
most patients presented MS symptoms, such as limb weakness
and numbness, diplopia, and optic neuritis. In terms of
laboratory and MRI tests, most patients had positive OCB and
anti-NMDAR antibody in serum or cerebrospinal fluid, and all
MRI findings were more compatible with MS, although MS and
anti-NMDAR encephalitis were not easily distinguishable on
MRI (17). Unlike previous reports of anti-NMDAR encephalitis
associated with ovarian teratomas (30), none of these 10 patients
developed tumors. As far as treatment is concerned, immunotherapy
has been the mainstream, with adjuvant symptomatic treatment, but
there are differences in the treatment modalities given at different
stages of the disease, such as the use of diseasemodifying drugs in the
MS phase. The follow-up time of most cases reached half a year,
while our follow-up time reached 18 months. In fact, it is necessary
to observe and follow up patients with complex symptoms, which is
conducive to understanding the changes in patients’ symptoms,
especially the prognosis and changes in antibody titer levels so as to
adjust medication.

To figure out whether the auto-antibodies indicate an
evolving autoimmune process or represent a clinical non-
significant epiphenomenon, we sought to explore the possible
pathogenesis of anti-NMDAR antibodies in the inflammatory
demyelinating disorders (Figure 2). Based on literature review,
two confirmed triggers of anti-NMDAR antibody production are
tumor (mostly ovarian teratomas) (31) and viral herpes infection
(mostly simplex herpes infection) (32). Moreover, current
findings indicated that 4%-7.5% of patients with anti-NMDAR
encephalitis develop concurrent immune responses that may
target not only glial antigens (The most frequent and clinically
relevant glial antibodies are MOG and AQP4) but also neuronal
surface antigens or receptors, and compared with patients with
isolated anti-NMDAR antibody, those with coexisting glial
antibodies were more likely to have a lower number of typical
symptoms of anti-NMDAR encephalitis, and more frequent CSF
pleocytosis, which is in accordance with the disease characteristics
of our patient (33). In addition, previous studies have shown that
NMDAR are present on the myelin sheath formed by
oligodendrocytes, and a non-competitive NMDAR antagonist has
successfully demonstrated to have a good clinical intervention
effect on a variety of neurological diseases, including MS and
spinal cord injury, which suggests that myelin injury resulting
April 2021 | Volume 12 | Article 664364
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TABLE 2 | Previous case reports demonstrating the characteristics of patients with overlapping MS and anti-NMDAR encephalitis.

CASE5 CASE6 CASE7 CASE8 CASE9 CASE10 CASE11

2015 2017 2017 2018 2020 2020 2021
Austria England England England Turkey China China
Ramberger
et al. (19)

Baheerathan
et al. (24)

Baheerathan
et al. (24)

Suleman et al.
(25)

Gulec et al. (26) Huang et al.
(27)

Our case

23/F 32/F 29/M 41/F 26/F 19/F 16/F
MS!NMDAR NMDAR!MS NMDAR!MS MS!NMDAR MS!NMDAR MS!NMDAR IDDs!

NMDAR!MS
Psychosis Seizures,

abnormal
movements,
and
encephalopathy

Seizures,
psychosis

Psychosis Seizures, disorders of
consciousness,
agitation, hallucinations

Seizures,
psychosis,
sleep disorders

Disorders of
consciousness,
cognitive
dysfunction

Limb
weakness,
optic neuritis

Diplopia, facial
weakness, and
cerebellar ataxia

Limb
weakness
numbness

/ Limb weakness Right eye visual
loss and left
limb paralysis

Limb
weakness,
diplopia

Positive / Positive / Negative Positive Positive

Positive Positive Positive Positive Positive Positive Negative

Positive Negative Positive Positive Positive Positive Positive
MS lesion
beside lateral
ventricle

Demyelinating
brain and spinal
cord lesions

Demyelinating
brain and
spinal cord
lesions

Demyelinating
brain lesion

MS lesion beside lateral
ventricle with
enhancement

MS lesion
beside lateral
ventricle with
enhancement

Multiple lesions
in white matter

No No No No No No No
/ DMT Improved

spontaneously
without
immunotherapy

GC, IVIg,
rituximab

Interferone-b1a,
fingolimod, natalizumab,
teriflunomide, PE, IVIg,
HDMP, rituximab

IVIg, HDMP HDMP, IVIg,
PE, AZA, MMF,
GC,
teriflunomide

Increased Negative Negative / Decreased / Negative

/ Free of relapses / Problems with
short-term
memory

Recovery Recovery Recovery

/ 10 months / / 12 months / 18 months

lone; MMF, mycophenolate mofetil; GC, glucocorticoid; PE, plasma exchange; DMT, disease modifying treatment; IDDs,
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CASES CASE1 CASE2 CASE3 CASE4

Year 2010 2012 2014 2015
Country England Japan Germany Germany
Author Johnston et al.

(21)
Uzawa et al.
(22)

Wachbisch
et al. (23)

Fleishmann et al. (8)

Age/sex 32/F 33/F 33/M 33/F
Course MS!NMDAR MS!NMDAR MS!NMDAR MS!NMDAR

NMDAR
Encephalitis
symptoms

Seizures,
disorders of
consciousness

Seizures,
psychosis

Tonic spasms,
paroxysmal
tingling

Cognitive dysfunction, memory lost

Multiple
Sclerosis
symptoms

Optic neuritis, right
trigeminal sensory
disturbance,
dyskinesia

Optic neuritis,
spinal cord and
brainstem
symptoms

Left
hemiparesis

Paresthesia, reduced visual acuity, ataxia,
dysphonia

CSF NMDAR
antibody

/ Positive Negative Positive

Serum
NMDAR
antibody

Positive Negative Positive Positive

OCB / Positive Positive Positive
MRI findings MS lesion beside

lateral ventricle
Temporal lobe
lesion, lateral
ventricle MS
lesion

MS lesion
beside lateral
ventricle with
enhancement

Paraventricular MS lesions with
enhancement, global brain atrophy, large
paraventricular confluent lesions, brainstem
and cervical spinal cord lesions.

Tumor No No No No
Treatment GC GC GC, rituximab GC, PE, CP, natalizumab,

NMDAR
antibody
evolution

/ / / Decreased

Prognosis Recovery Recovery Recovery Death

Follow-up
time

/ 6 months 12 months 6 months

OCB, oligoclonal band; IVIg, intravenous immunoglobulin; AZA, azathioprine; HDMP, high-dose methylprednis
inflammatory demyelinating diseases.
o

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Zhou et al. Case Report: Anti-NMDAR Antibody in Multiple Sclerosis
from a pathological anti-NMDAR antibody burst may activate or
aggravate inflammation in MS (34). Therefore, in most patients,
the NMDAR immune response drives the clinical picture, and
specifically, due to the severe infection and immune derangements,
NMDAR released by neuronal and myelin injury in the
inflammatory environment leads to the disruption of immune
tolerance (35), which may be the triggering mechanism of tissue
injury and inflammatory response in MS. Although this patient did
not show typical features of anti-NMDAR encephalitis at an early
stage, it is undeniable that anti-NMDAR antibody play a role in the
disease course of the patient, especially multiple lesions and
disorders of consciousness at her first relapse (29).

In conclusion, neurologists should notice that anti-neuronal
antibodies in demyelinating disorders can lead to atypical
symptoms and ambiguous diagnosis, which might result in the
Frontiers in Immunology | www.frontiersin.org 7233
inaccurate and untimely treatment of patients and affect the
prognosis and quality of life of patients (36). Additionally,
the molecular mimicry and the breakdown of immunologic
tolerance toward NMDAR released following neuronal damage
have been described as possible hypothesis for pathogenesis, but
the mechanisms connecting anti-NMDAR antibody with
demyelinating disorders remain to be further explored (27).
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29. Dalmau J, Armangué T, Planagumà J, Radosevic M, Mannara F, Leypoldt F,
et al. An Update on anti-NMDA Receptor Encephalitis for Neurologists and
Psychiatrists: Mechanisms and Models. Lancet Neurol (2019) 18:1045–57.
doi: 10.1016/S1474-4422(19)30244-3

30. Zhao X, Li J, Zhu Q, Liang G, Xia W, He X, et al. HLA-a and HLA-DRB1 may
Play a Unique Role in Ovarian Teratoma-Associated anti-N-methyl-D-
aspartate Receptor Encephalitis. Reprod Biol Endocrinol (2020) 18:107.
doi: 10.1186/s12958-020-00661-5

31. Dalmau J, Tüzün E, Wu H, Masjuan J, Rossi JE, Voloschin A, et al.
Paraneoplastic anti-N-methyl-D-aspartate Receptor Encephalitis Associated
With Ovarian Teratoma. Ann Neurol (2007) 61:25–36. doi: 10.1002/
ana.21050

32. Leypoldt F, Titulaer MJ, Aguilar E, Walther J, Bönstrup M, Havemeister S,
et al. Herpes Simplex Virus-1 Encephalitis can Trigger anti-NMDA Receptor
Encephalitis: Case Report. Neurology (2013) 81:1637–9. doi: 10.1212/
WNL.0b013e3182a9f531

33. Martinez-Hernandez E, Guasp M, Garcıá-Serra A, Maudes E, Ariño H,
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Human antibodies against Myelin Oligodendrocyte Glycoprotein (MOG) from
immunoglobulin-G subclasses (MOG-IgG) have been recently associated with a new
subgroup of neurological autoimmune diseases with distinct clinical characteristics from
multiple sclerosis and neuromyelitis optica spectrum disorders. The use of MOG-IgG as a
biomarker is an essential tool to assist in the diagnosis and clinical prognosis. The cell-
based assay (CBA) is a methodology that expresses high levels of natively folded human
MOG protein in the cell membrane being the methodology most used for clinical MOG-IgG
diagnosis. However, there is still no consensus about the best approach to perform CBA
to improve the results. The CBA using flow cytometry (CBA-FC) is an automated
technique with objective quantification, reducing the subject of human bias that
occurred at CBA using immunofluorescence (CBA-IF). In this study, we compared the
performance of CBA-IF and CBA-FC as an acquisition tool analysis. The sera of 104
patients diagnosed with inflammatory Central Nervous System diseases were tested in
both CBA-IF and CBA-FC. We used the dilution of 1:128 for CBA-IF and three different
dilutions (1:20, 1:100, and 1:640) for CBA-FC. The CBA-FC and CBA-IF results had
88.5% agreement between assays and the CBA-IF titers by endpoint-dilution correlated
with the CBA-FC titers. The highest serum dilution resulted in an increased CBA-FC
specificity, but there was a reduction in the CBA-FC sensitivity. Our study showed that
CBA-FC can be used in clinical practice as a diagnostic technique for MOG-IgG. In
addition, in some specific cases, the combination of both techniques could be used as a
tool to discriminate unspecific binding and overcome single assay limitations.

Keywords: myelin oligodendrocyte glycoprotein, cell-based assay, immunoglobulin-G, demyelinating disease,
central nervous system
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INTRODUCTION

Myelin Oligodendrocyte Glycoprotein (MOG) is a protein
exclusively expressed in the Central Nervous System (CNS). It
is present in the outer membrane of the myelin sheath and
oligodendrocytes, being easily accessible to the immune-
mediated response. The MOG has been used for decades as an
antigen to produce experimental autoimmune encephalomyelitis
(1 , 2) . The human ant ibodies against MOG from
immunoglobulin-G subclasses (MOG-IgG) have been recently
associated with a new subgroup of neurological autoimmune
diseases, with distinct clinical characteristics and prognosis from
multiple sclerosis (MS) and aquaporin-4-IgG positive
neuromyelitis optica spectrum disorders (NMOSD). Our group
proposed the acronym MONEM to facilitate the identification of
suspected cases as most the MOG-IgG+ patients present with
attacks of Optic Neuritis (ON), Encephalitis, and/or Myelitis (3),
but some other groups have used the term MOG-associated
disorder (MOGAD) (4). The ON is the most common clinical
manifestation followed by transverse myelitis (TM) (5–7). The
presence of MOG-IgG also occurs in some patients that can be
clinically diagnosed with aquaporin-4-IgG seronegative
NMOSD, acute disseminated encephalomyelitis (ADEM), and
cortical encephalitis (8–10). The MONEM cases are found in
Caucasian and non-Caucasian paediatric and adult patients with
a slight female predominance (6, 11, 12).

The MOG-IgG were initially detected by enzyme-linked
immunosorbent assay (ELISA) or Western Blot, which were later
discarded for clinical practice mainly due to low specificity. These
methods usually use unfold and/or denatured protein unable to
distinguish specific antibodies against conformational sensitive
MOG antibodies. These methodology analyses led to false-
positive results in MS patients and also healthy individuals.
Therefore, the development of techniques that discriminate
MOG-IgG binding to conformational and non-conformational
epitopes was essential for use in clinical practice (3, 13, 14). The
cell-based assay (CBA) uses cell lines transfected with plasmids
encoding the humanMOG sequence. This methodology expresses
high levels of natively folded MOG protein in the cell membrane.
The detection of MOG-IgG by CBA has been recently used for
clinical diagnoses (15–17). Commercial kits with pre-fixed cells can
be used, however, there may have some loss of sensitivity and
specificity compared to the cell-based assays with live transfected
cells (15). Despite recent efforts to find the best methodology for
detectingMOG-IgG in clinical practice, there is no standardization
among MOG-IgG CBA protocols from different laboratories.

In terms of detection methods for MOG-IgG, the CBA can be
performed by indirect immunofluorescence microscopy (CBA-IF)
or flow cytometry (CBA-FC) (18). Currently, the CBA-IF is widely
used for the detectionof autoantibodies, but it is a semi-quantitative
technique and subject to human bias, even if performed by
experienced professionals. On the other hand, CBA-FC is an
automated technique with objective quantification, reducing
human error. Nevertheless , CBA-FC requires strict
standardization of the flow-cytometry parameters, with variation
between devices and days. In addition, the fluorescence signalsmay
vary according to the MOG expression and secondary antibody
Frontiers in Immunology | www.frontiersin.org 2237
binding in each assay batch (19). Concerning the analysis methods,
the MOG-IgG by CBA-FC is usually evaluated by the ratio or the
delta of mean fluorescence intensity (MFI) comparing transfected
and untransfected cells (20).

Some MOG-IgG assays from distinct centers were compared
in a recent study (15), as well a direct comparison of MOG-IgG
assays detected by CBA-IF and CBA-FC developed in the same
research laboratory (21). However, there is still no consensus on
what is the most reliable way to detect MOG-IgG, or what is the
best dilution of serum for use in clinical diagnosis. Therefore, in
the present study, we compared the performance of CBA-IF and
CBA-FC analysis, using the serum of patients diagnosed with
inflammatory CNS diseases, suspecting positivity of MOG-IgG.
MATERIALS AND METHODS

Patients
Sera from 104 patients diagnosed with CNS inflammatory
diseases, suspecting MOG-IgG+ were included in the study.
The blood samples and the clinical data were collected in the
Neuroinflammation and Neuroimmunology Lab between 2015
and 2019. All samples were analyzed by a blind researcher who
had no access to clinical information. The present study was
approved by the Ethics Committee from the Pontifical Catholic
University of Rio Grande do Sul (CAAE 03402818.4.0000.5336).

Transfection of Human Embryonic Kidney
293 (HEK293) cells
For liveCBA,HEK293 cells (ATCC, LGCStandardsGmbH,Wesel,
Germany) were maintained in Dulbecco’s Modified Eagle’s
Medium (DMEM) (Gibco, Life Technologies, NY, USA,
Cat#12100-046) supplemented with 10% of Fetal Bovine Serum
(FBS) (Gibco, Life Technologies, NY, USA, Cat#12657-029), 1%
(100 U/mL) of penicillin/streptomycin (Gibco, Life Technologies,
NY, USA, Cat#15140-122) and 0.1% (100 mg/mL) of gentamicin
(Gibco, Life Technologies, NY, USA, Cat#15710-064) in the
incubator (5% CO2; 37°C) until achieving 60% of confluence.
Thereafter, the HEK293 cells were transfected with a plasmid
containing full-length human MOG (FL-MOG) a1 isoform,
using Fugene HD transfection reagent (Promega Corporation,
WI, USA, Cat#E2311) according to manufacturer’s specifications.
For liveCBA-IF,HEK293 cellswere transfectedwith a recombinant
pIRES Ds-Red2 expression vector with full-length human MOG
(FL-MOG). For liveCBA-FC,HEK293 cells were transfectedwith a
pEGFP-N1 plasmid containing FL-MOG fused to EGFP (MOG-
EGFP). After 24 hours, the cells were trypsinized using 0.05%
Trypsin-EDTA (Gibco, Life Technologies, NY, USA, Cat#15400-
054), centrifuged, and resuspended in DMEMwith geneticin G418
(Sigma-Aldrich, MO, USA, Cat#10131035) for selection, and
maintenance of stably transfected cells.

Immunofluorescence Microscopy
For live CBA-IF, MOG-DsRed transfected cells were trypsinized,
centrifuged, resuspended in DMEM, and transferred to glass
slides, and maintained overnight in the incubator. Then, the cells
were washed once with phosphate buffer saline (PBS) pH 7.4 and
May 2021 | Volume 12 | Article 642272
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incubated with 20 µl of serum (dilution 1:128) for 30 min at
room temperature. The cells were washed twice with PBS and
added 15 µl of anti-Human IgG Fc-specific Cross-Adsorbed,
DyLight 488 (Thermo Scientific, Life Technologies, MA, USA,
Cat#SA5-10134) at 1:500 dilution for 30 min. After, cells were
washed 3 times, fixed, and added mounting medium with DAPI
(Fluoroshield™ with DAPI, Sigma-Aldrich, MO, USA,
Cat#F6057). The slide was covered and analyzed on a confocal
microscope. The cut-off value for seropositivity was 1:128 as
previously described (10). For positive samples, MOG-IgG titers
were determined using serial two-fold endpoint dilutions. The
endpoint titer was defined as the highest dilution that gives a
positive fluorescence signal.

Flow Cytometry
For each sample, 1 × 105 MOG-EGFP transfected cells were
harvested, washed twice with PBS pH 7.4, and incubated for 30
minutes at 4°C with patient serum. For the CBA-FC experiment,
we used three different serum dilutions (1:20, 1:100, and 1:640).
Thereafter, the cells were washed twice and incubated with Anti-
Human IgG Fc-specific Cross-Adsorbed, DyLight 650 (Thermo
Scientific, Life Technologies, MA, USA, Cat#SA5-10137) at 1:250
for 30 minutes at 4°C. The cells were washed three times,
resuspended in PBS, and analyzed by flow cytometry (Attune
NxT Flow Cytometer, Thermo Scientific, Life Technologies, MA,
USA). Each sample analysis was performed in duplicate. For
analysis, the optimal data acquisition gate was established and
the binding was expressed as MFI. The MOG-IgG titers were
analyzed by two methods: the ratio of MFI (rMFI), and the delta
of MFI (DMFI) between MOG-expressing cells versus non-
transfected cells. To establish the cut-off value, a threshold
obtained from a cohort of negative MOG-IgG patients was
used, determined by the mean of MFI plus four standard
deviations of all the negative samples, both rMFI, and DMFI

Statistical Analysis
Statistical analyses were performed using SPSS statistics 22.0
(IBM Corp. Armonk, NY, USA) and GraphPad Prism 5
(GraphPad Software, La Jolla, CA, USA). Flow cytometry data
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were analyzed using FlowJo™ Software 10 (Becton, Dickinson
and Company, USA). We used Cohen’s kappa to evaluate the
concordance between CBA-IF and CBA-FC analyses and
Spearman’s nonparametric correlation for antibody titers by
CBA-IF and CBA-FC. Receiver-Operating Characteristic
(ROC) curve analysis was used to determine the performance
of CBA-FC seropositivity using CBA-IF as a reference assay. A p-
value < 0.05 was considered statistically significant.
RESULTS

Patients: Demographic and Clinical Data
Amongst the 104 patients with samples, 94.2% of them had
available clinical data. Based on the CBA-IF results, the median
age at disease onset was 20 years (± 15.4 years), and 42.2% were
female in the MOG-IgG+ group. In the MOG-IgG- group, the
median age at disease onset was 30 years (± 15.3 years), and
69.5% was female. About disease presentation, in the MOG-IgG+

group the majority of patients (65.9%) presented with ON, 14.7%
had myelitis, 2.4% had both ON and myelitis, 7.3% were
clinically diagnosed with seronegative NMOSD, 7.3% had
ADEM, and 2.4% had epileptic seizures. The MOG-IgG- group
had a clinical diagnosis as follows: 25.9% had ON, 27.6% had
myelitis, 3.5% were clinically diagnosed with seronegative
NMOSD, 5.2% were diagnosed with AQP4-NMOSD. In the
MOG-IgG- group, 10.2% were aquaporin-4-IgG positive, with
no aquaporin-4-IgG positive in the MOG-IgG+ group (for
complete information see Supplementary Material Table 1).

Analysis of Seropositivity by CBA-IF
The serostatus of 104 patients tested using CBA-IF was 56.7%
(n=59) seronegative (Figure 1A) and 43.3% (n=45) seropositive
(Figure 1B). The total IgG was evaluated and there was no
difference between MOG-IgG+ and MOG-IgG- samples
(Supplementary Material Table 2). Two negative samples had
a weak fluorescence emission below the cut-off (1:8 and 1:64).
The titers of the MOG-IgG+ group range from 1:128 to 1:65,556
(Figure 1C).
A B C

FIGURE 1 | Comparison of MOG-IgG negative and positive samples by live cell-based assay immunofluorescence (CBA-IF). Representative fluorescence image of
(A) negative and (B) positive samples. The green fluorescence DyLight 488 is an indicator of bound human serum MOG antibody. The blue fluorescence is a nuclear
DAPI marker. Images were obtained using a confocal microscope with a 63× objective lens. (C) Represents the quantification of CBA-IF binding scores for negative
and positive samples. The cut-off value for seropositivity (1:128 dilution) was represented by the dotted line. The titers of positive samples range from 1:128 to
1:65,556.
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Analysis of Seropositivity by CBA-FC
For the CBA-FC evaluation, we used three serum dilutions (1:20,
1:100, and 1:640) analyzed under two distinct conditions, both
calculations based on mean fluorescent intensity (DMFI = MFI
positive - negative cells, and rMFI = MFI positive/negative cells).
The CBA-FC groups were named 1 to 6, according to respective
acronyms: CBA-FC1 (1:20, using DMFI analysis); CBA-FC2
(1:20, using rMFI analysis); CBA-FC3 (1:100, using DMFI
analysis); CBA-FC4 (1:100, using rMFI analysis); CBA-FC5
(1:640, using DMFI analysis); CBA-FC6 (1:640, using
rMFI analysis).

The MOG-IgG+ group represented 45.2%, 46.2%, 45.2%,
46.2%, 37.5%, and 39.4% in the CBA-FC 1 to 6, respectively
(see Figure 2 for an example of sample gate (2A), a seronegative
(2B) and seropositive (2C) MOG-IgG by CBA-FC). In Table 1,
we summarize the six CBA-FC analysis.

Comparison Between CBA-FC and CBA-IF
Comparing CBA-IF to CBA-FC, in all six analyses, 38 samples
were seropositive and 54 were seronegative in both methods,
corresponding to 88.5% of agreement. Only 12 patients (11.5%)
had positive results only in one assay (CBA-FC or CBA-IF) and
the data are summarized in Table 2. If the results were stratified
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into three subgroups, MOG-IgG-, MOG-IgG+ low-titer (1: 128 to
1: 512), and MOG-IgG+ high-titer (above 1:1024) based on CBA-
IF, the agreement were 93.7%, 85.3%, and 95.7% respectively.
Individually, the CBA-FC 5 and 6 had a better agreement in
MOG-IgG negative samples (98.3%), CBA-FC 2 and 4 in the
MOG-IgG positive samples with high-titer (100%), and CBA-
FC1-4 in the MOG-IgG positive samples with low-titers (88.2%).
It is very clear the reduction in agreement in MOG-IgG+ with
low titer due to the proximity as the cut-off. The agreement data
stratified into subgroups are summarized in Table 3.

Using the established CBA-IF as the reference standard the
area under the curve (AUC) of the ROC curve was 0.959, 0.973,
0.968, 0.984, 0.931, and 0.946 in analyses CBA-FC 1 to 6
respectively (Table 4).The sensitivity analysis for CBA-FC1 to
6 were 93.3%, 95.6%, 93.3%, 95.6%, 84.4%, and 88.9%. The
specificity was 91.5%, 91.5%, 91.5%, 91.5%, 98.3%, and 98.3%
respectively. This data showed the high dilution (1:640) has
greater specificity, but a slightly lower sensibility. The positive
predictive value was 0.894, 0.896, 0.894, 0.896, 0.974, and 0.976
in analyses CBA-FC 1 to 6 respectively and the negative
predictive value was 0.947, 0.964, 0.947, 0.964, 0.892, and
0.921. The kappa coefficient values used to assess the inter-
method reliability were all above 0.8, indicating almost perfect
A B C

FIGURE 2 | Scatter plots graphs of live cell-based assay flow cytometry (CBA-FC) analysis. (A) Representative flow cytometry strategy gating for HEK293 cells. The

gate of flow cytometry data was based on forward scatter (FSC) versus side scatter (SSC), using a FlowJo™. Representative flow plots of (B) MOG-IgG-, and
(C) MOG-IgG+ samples. The X-axis represents the MOG-EGFP transfection marker (488 nm) and the Y-axis represents the secondary anti-human Fc-IgG DyLight
650 nm antibody binding.
TABLE 1 | Data of CBA-FC analysis.

Analyses Cutoff [X+(4× SD)] MOG-IgG+ MOG-IgG- MFI (range)positive samples

CBA-FC1 Dilution 1:20 377.40 [57.80 + (4 × 79.90)] 45.2% (n=47) 54.8% (n=57) 7353.97 (32469)
DMFI

CBA-FC2 Dilution 1:20 1.97 [1.17 + (4 × 0.20)] 46.2% (n=48) 53.8% (n=56) 17.58 (61)
rMFI

CBA-FC3 Dilution 1:100 268.90 [35.90 + (4 × 58.25)] 45.2% (n=47) 54.8% (n=57) 4928.67 (14148)
DMFI

CBA-FC4 Dilution 1:100 2.07 [1.11 + (4 × 0.24)] 46.2% (n=48) 53.8% (n=56) 18.76 (74)
rMFI

CBA-FC5 Dilution 1:640 50.28 [−7.48 + (4 × 14.44)] 37.5% (n=39) 62.5% (n=65) 694.63 (2905)
DMFI

CBA-FC6 Dilution 1:640 1.78 [0.90 + (4 × 0.22)] 39.4% (n=41) 60.6% (n=63) 6.02 (33)
rMFI
May 2021
X, average; SD, standard deviation; MFI, mean fluorescent intensity, DMFI, delta MFI; rMF, ratio MFI.
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agreement between methods (p<0.0001 for all analysis). In
addition, the analysis of correlation comparing CBA-IF
antibody titers to DMFI or rMFI used in CBA-FC analysis
were 0.802, 0.824, 0.825, 0.844, 0.764 and 0.790 for CBA-FC1
to 6 respectively (Spearman’s rho; p<0.0001; Figure 3). The data
demonstrate a strong positive correlation between the titers
obtained in immunofluorescence microscopy and the analysis
performed by cytometry.

ComparingDMFIand rMFI analysis, the rMFIhadbetter results
with 10 inconsistent results contrasting with 12 inconsistent
samples by DMFI, representing 90.4% of agreement. Looking at
the inconsistent samples, the five negative samples in
immunofluorescence, only one had positive data at CBA-FC6
(high dilution). This specific sample had a title of 1:64 at
immunofluorescence microscopy analysis, a value below the cut-
off. In the inconsistent positive samples analyzed CBA-IF, all of
themwerenegative inCBA-FC5.Thesedata indicate thatCBA-FC5
has a high specificity, but lower sensitivity. Evaluating CBA-IF and
CBA-FC4, the agreement increased to 93.2%,with the highest AUC
value and Spearman’s coefficient. Five samples were positive by
CBA-FC4 and negative by CBA-IF. On the other hand, only two
samples were negative using CBA-FC4 analysis comparing to
positive results by CBA-IF, both with low-titers (1:256). The
CBA-FC4 data showed the highest specificity (91.5%) and very
high sensibility (95.6%) among the CBA-FC analysis.
DISCUSSION

The MOGAD or MONEM is a new subgroup of neurological
autoimmune disorders, distinct from MS and aquaporin-4-IgG+
Frontiers in Immunology | www.frontiersin.org 5240
NMOSD. The MOG-IgG has been increasingly used as a
biomarker in inflammatory CNS disorders, helping to improve
diagnostic accuracy and stratify prognosis, as well as promoting the
development of new treatments targeting specific molecules (3, 17).

In this study, we examined the determination of MOG-IgG
using live CBA performed by indirect immunofluorescence
microscopy and multiple flow cytometry conditions. Using the
CBA-IF as the standard, we compare the CBA-FC methodology
using DMFI and rMFI in three different dilutions (1:20, 1:100,
and 1:640). Our results indicate a high agreement between CBA-
IF and CBA-FC with all kappa coefficient values close to 0.8.
There were undoubtful MOG-IgG positive with high-titers and
negative patients in all assays, with an agreement of 88.5% of the
total of samples. However, twelve samples had discrepancies in
the results from the CBA-IF and CBA-FC.

Further analyzing inconsistent samples, five of them were
seronegative by CBA-IF while seropositive by CBA-FC1 to 4. The
flow cytometry graphs have shown a distinct MOG-EGFP profile
compared to strongly positive samples (data not shown). One of
these patients was AQP4-IgG+ NMOSD with high background
and less likely to be a case of double antigen positivity. There are
very rare cases of double positivity, and most of these cases have
a very high titer from one antibody and the other near the cut-off
values (22). Evaluating the sample in question, we believe that it
is not a case of double antigen positivity, but an unspecified
fluorescence staining. Four positive samples that occurred in
low-dilutions (1:20 and 1:100) were negative when tested in
higher dilution (1:640). The presence of several antigens and
proteins in the serum may contribute to nonspecific binding.
Besides, the amount of sample added in the assay may contribute
to this nonspecific effect, evidenced in the analysis by flow
cytometry with smaller dilutions. In a previous study, concerns
about the use of low serum dilutions were detected due to false
seropositivity in healthy patients (14). Thus, specificity can be
significantly increased by using higher dilutions. Studies have
shown that intermediate dilutions, such as 1:200 (23, 24), 1:320
(20), could increase specificity without reducing sensitivity. Two
patients were seropositive at CBA-IF and seronegative at CBA-
FC, but these patients had MOG-IgG titers close to the cut-off.
High dilutions (up to 1:640) in CBA-IF were used as cut-off
values for seropositivity (21), so it might be possible that
unspecific binding and increased slide background leading to
TABLE 2 | Inconsistent data between CBA-IF and CBA-FC.

Inconsistent samples CBA-IF (Titers 1:x) CBA-FC1 (DMFI) CBA-FC2 (rMFI) CBA-FC3 (DMFI) CBA-FC4 (rMFI) CBA-FC5 (DMFI) CBA-FC6 (rMFI)

1 Negative Positive (2053) Positive (4.04) Positive (3851) Positive (6.28) Negative (52) Negative (1.69)
2 Negative Positive (1395) Positive (7.16) Positive (1341) Positive (2.27) Negative (1) Negative (1.5)
3 Negative Positive (398.2) Positive (4.99) Positive (414.3) Positive (3.17) Negative (−9) Negative (1.43)
4 Negative Positive (1590) Positive (5.47) Positive (685.5) Positive (5.02) Negative (−30) Negative (1.33)
5 Negative (1:64) Positive (7258) Positive (6.6) Positive (2757) Positive (4.48) Positive (189) Positive (2.03)
6 Positive (1:128) Negative (84.5) Negative (1.1) Negative (123) Negative (2.05) Negative (−10) Negative (1.43)
7 Positive (1:256) Negative (267) Negative (1.57) Negative (127.5) Negative (1.42) Negative (−22) Negative (1.34)
8 Positive (1:256) Positive (3776) Positive (7.48) Positive (11005) Positive (11.3) Negative (48) Positive (1.85)
9 Positive (1:256) Positive (2660) Positive (7.96) Positive (1495) Positive (5.46) Negative (41) Negative (1.73)
10 Positive (1:2048) Negative (258) Positive (2.51) Negative (124) Positive (2.1) Negative (−1) Negative (1.5)
11 Positive (1:2048) Positive (10269) Positive (9.24) Positive (557.5) Positive (2.09) Negative (-184) Negative (1.4)
12 Positive (1:2048) Positive (3578) Positive (24.6) Positive (6421) Positive (35.3) Negative (34) Positive (1.87)
Ma
y 2021 | Volume 12
TABLE 3 | Concordance data stratified into subgroups.

MOG-IgG- MOG-IgG+ MOG-IgG+

Low-titer (1:128 to 1:512) High-titer (up to 1:1024)

CBA-FC1 91.5% 88.2% 96.4%
CBA-FC2 91.5% 88.2% 100.0%
CBA-FC3 91.5% 88.2% 96.4%
CBA-FC4 91.5% 88.2% 100.0%
CBA-FC5 98.3% 76.5% 89.3%
CBA-FC6 98.3% 82.3% 92.9%
TOTAL 93.7% 85.3% 95.7%
| Article 642272

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Marchionatti et al. Performance of Live-CBA for MOG-IgG

Frontiers in Immunology | www.frontiersin.org 6241
reading errors in the CBA-IF that did not happen in the CBA-FC.
Four other samples were seropositive at CBA-IF and CBA-FC1-4,
but negative by CBA-FC 5 and 6 analysis, demonstrating that the
sensitivity can be reduced using higher dilutions. Another sample
was seropositive in the CBA-IF and CBA-FC 2 and 4 using rMFI
but negative in other analysis. In this case, the high background in
non-transfected cells reduced the DMFI below the cut-off limits,
as the difference in the anti-human IgG secondary antibody
binding between transfected cells and non-transfected cells is
very small when there is a high background (25). In our study, the
rMFI analysis had a slightly higher agreement with CBA-IF than
DMFI analysis. However, the study by Tea et al. (2020) revealed
that the ratio analysis also has the sensitivity reduced by high
background binding (26). Therefore, in a few cases, we may need
to perform combined analysis and review the flow-cytometry
plots to increase the accuracy of the assay results.

All ROC curves from the six CBA-FC assays having the CBA-IF
as a reference assay demonstrated high sensitivity and specificity.
Amongst the six CBA-FC assays the CBA-FC 4 using a 1:100
dilution and rMFI resulted in the highest AUC index. The most
sensitive CBA-FC were those evaluated by the ratio (CBA-FC 2
and 4), while the specificity was slightly higher in the analysis with
the CBA-FC using higher serum dilutions (CBA-FC 5 and 6). This
corroborates with our results that the rMFI analysis with higher
dilutions results in high accuracy. In our study, CBA-FC provides a
relatively good agreement with CBA-IF titers and CBA-FC values
for all analyses, but other groups reported discrepant results (25,
27). Compared with CBA-IF, the CBA-FC4 yielded the highest
accuracy among the CBA-FC analysis. In addition, the CBA-FC4
values provide a good agreement with the CBA-IF titers, suggesting
to be the closest CBA-FC assay from the well-established CBA-IF.

his study has some limitations: (1) The sample size is relatively
small, as the disorder caused by MOG-IgG is rare; (2) The cut-off
point was performed with previously determined negative patients
and not in a control group with healthy individuals; (3) A single
cut-off point for CBA-FC was defined for all samples, while some
authors recommend adjusting cut-off in every new experiment.

Both CBA-IF and CBA-FC are used in clinical practice, but
each of them has different advantages and limitations. The CBA-
IF is more commonly used for the detection of MOG-IgG in
clinical practice, as it requires fluorescent microscopy available in
most laboratories. The CBA-FC requires a multichannel flow
cytometer which allows the simultaneous analysis of every single
cell for the expression of MOG and the fluorescent intensity for
anti-human IgG secondary antibody bound in the cell membrane
in distinct channels. The antibody titers by CBA-FC can be
calculated in the same data by different methods as described in
this study. Furthermore, several samples can be analyzed on the
same day and the data can be saved and re-analyzed by other
statistical methodologies in the future.

In conclusion, our study showed that CBA-FC can be used in
clinical practice as a diagnostic technique for MOG-IgG. The CBA-
FC4 using a serum dilution of 1:100 and rMFI had a higher
concordance with live CBA-IF. In addition, in some specific cases,
the combination of both techniques could be used as a tool to
discriminateunspecificbindingandovercomesingleassay limitations.
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Objective: To examine the clinical characteristics of autoimmune encephalitis associated
with the contactin-associated protein-2 (CASPR2) antibody.

Materials and Methods: Medical records of all patients diagnosed with CASPR2
antibody-associated encephalitis were retrospectively analysed. Data regarding
demographic features, neurological symptoms and signs, laboratory tests, imaging
results, treatments, and prognosis were collected.

Results: A total of 25 patients aged from 3 to 79 years old were enrolled in this study, with
a median age of 43. Eight of 25 (32%) were female, and 17 of 25 (68%) were male. The
median age of symptom onset was 42 years old with the course of disease from onset to
hospital admission ranging from 2 days to 6 months (median was 17 days). Six patients (6/
25) had fever as an onset symptom. During the course of disease, cognitive disturbance
was the most common symptom, which was observed in 17 patients (17/25) in total. Eight
patients (8/25) met the criteria for limbic encephalitis. Epileptic seizure occurred in six of
these eight patients. Four patients (4/25) were diagnosed as Morvan syndrome. All
patients were positive for anti-CASPR2 antibody in the serum (1:10–1:300). In six patients,
antibodies were detected both in the blood and CSF (1:32–1:100). White blood cell (WBC)
counts in the CSF were elevated in eight patients (8/25). The concentration of proteins in
CSF increased in 10 patients (ranging from 480 to 1,337.6 mg/dl), decreased in seven
patients (ranging from 23.2 to 130.5 mg/dl) and remained at a normal range in the other
eight patients (ranging from 150 to 450 mg/dl). Abnormal electroencephalogram (EEG)
activities included slow background activity and epileptic patterns. Abnormal signals in the
bilateral hippocampus were detected by magnetic resonance imaging (MRI) in three
patients presenting cognitive disturbance. In one patient who had limbic encephalitis,
increased metabolism of bilateral basal ganglia and the mesial temporal lobe was revealed
by PET-CT. Eleven of 15 patients receiving immunotherapy experienced varying degrees
of improvement. Relapse occurred in four of 25 patients (4/25) after 2 months.

Conclusion: CASPR-antibody-mediated autoimmune encephalitis is characterized by
diverse clinical manifestations. The most prominent conclusion revealed by this
retrospective analysis is the involvement of both central and peripheral nerve systems,
org May 2021 | Volume 12 | Article 6528641245
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as well as a lower relapse rate, a good response to immunotherapy, and favorable short-
term prognosis after treatment was also demonstrated. Besides, additional work is
necessary to evaluate the long-term prognosis.
Keywords: Caspr2, autoimmune encephalitis, clinical character, retrospective study, treatment
INTRODUCTION

Autoimmune encephalitis (AE) is mediated by autoimmune
response in the central nervous system (CNS), of which the
clinical features vary with different autoantibodies. Autoimmune
encephalitis was first recognized as early as 1968 when Corsellis
et al. came up with the concept “limbic encephalitis” (1). In 2005,
Vitaliani et al. reported a series of cases as “autoimmune
encephalitis” for the first time (2). In 2007, Dalmau et al. firstly
identified the so-called “anti NMDAR encephalitis”, by
confirming the expression of autoantibodies against NMDAR on
the surface of hippocampal neurons in such patients. These
specific antibodies were known as NR1/NR2 functional
threshold antibodies (3). The approach to diagnosis of AE was
defined in 2016 by Graus et al. (4) With the deepening
understanding of autoimmune encephalitis, more and more
autoantibodies associated with AE were discovered, which
makes the subgroups of AE more complex. In the past decades,
a progressive discovery of antibodies against intracellular antigens
such as Hu, Yo, and Ri (5, 6), glutamic acid decarboxylase 65-kD
isoform (GAD 65) (7), and collapsin response mediator protein 5
(CV2) (8); extracellular synaptic proteins, such as leucine-rich
glioma-inactivated 1 (LGI1) (7, 9); and cell surface antigens such
as anti-a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
receptor (AMPAR) (10), anti-receptor antibody encephalitis
(anti-NMDAR) (3), and g-aminobutyric acid encephalitis
(GABAR) (11) has been reported. Among them, the voltage-
gated potassium channel (VGKC) is a well-known membrane
protein complex that was commonly bound by antibodies in AE.
As parts of VGKC, leucine-rich glioma-inactivated 1 (LGI1) and
contactin-associated protein-2 (CASPR2) could be detected in the
immunoprecipitation with patients’ autoantibodies (12, 13).

CASPR2 is a cellular adhesion molecule (CAM) and part of
the neurexin family (13). It regulates the formation of distinct
axonal domains around the nodes of Ranvier, serving as a
membrane scaffold that clusters Kv1 channels at the
juxtaparanodal region (14). CASPR2 is a transmembrane
protein with its C-terminal portion interacting with protein
4.1B—an ankyrin protein that may link the juxtaparanodal and
paranodal adhesion complexes to the axonal cytoskeleton. It is
located in neurons in the limbic system, basal ganglia, and other
motor areas and sensation pathways and is rich in the temporal
lobe, especially in the GAD65 positive inhibitory neurons (15).

Anti-CASPR2 antibodies have been reported in various clinical
conditions (4) (Supplementary Figure 1). On one hand, the great
variation is considered to be partly associated with significant
variation in epitopes (1, 5, 6). On the other hand, the wide
expression of CASPR2 in both central and peripheral nervous
system allows various forms of involvement (16). Besides, there is
org 2246
an overlap between peptides of LGI1 and CASPR2. Thus, positive
immunobinding of the autoantibody to both LGI1 and CASPR2
might be observed. This could explain the expanded phenotypes in
addition to classical features of CASPR2 autoimmune encephalitis
as clinical presentations are consistent with the antigenic localization
and function of LGI1 and CASPR2 (7). However, the HLA
DRB1*11:01 implicated in CASPR2 is not associated with LGI1.

The pathogenesis in anti-CASPR2 antibody-associated
disease is believed to be due to the blocking action of the
interaction between CASPR2 and Contactin-2 (6, 8)
(Supplementary Figure 1) thus disrupting the expression of
Kv1 channels. In some cases, decreased expression of Kv1
channels was found in areas such as dorsal root ganglia (9),
and in some others, an increased expression of Kv1 channels was
induced, especially in the inhibitory interneurons in the
hippocampus (6–8). This might cause hyperexcitability and
network disturbance that may lead to epileptic seizures (7),
which was supported by neuroimaging studies (10).

The contactin-associated protein-2 (CASPR2) is a
transmembrane protein which is located adjacent to VGKC on
the cell membrane. The CASPR2-antibodies could be detected by
immunoprecipitation on account of CASPR2 which is a site
where most VGKC-antibodies bind to (13, 17), and CASPR2
plays a role in both the peripheral and central nervous systems
(18). Therefore, we see patients with anti-CASPR2 encephalitis
presenting limbic encephalitis (fever, epilepsy, amnesia, sleep
disorder, hallucination, psychosis, behavioral disorder), Morvan
syndrome (sleep disorder, hallucination, psychosis, behavioral
disorder, constipation, tachycardia, hyperhidrosis, paresthetica,
weight loss), and peripheral nerve hyperexcitability (paresthetica,
fasciculation, limb twitch), which is rarely seen in other
encephalitis. Moreover, the study of gene coding for CASPR2
has identified its role in neurodevelopmental disorders such as
autism, intellectual disability, and epilepsy (15, 19, 20).

In conclusion, the great variability of syndromes associated with
anti-CASPR2 antibodies, despite its rarity, should be noted in clinical
practice as a differential diagnosis of conditions, such as limbic
encephalitis and epilepsy, especially in older patients, newly onset
psychiatric symptoms; neuropathic pain; and idiopathic ataxia, as
immunotherapy has been identified to be associated with improved
outcomes in patients with CASPR2-associated encephalitis.
MATERIALS AND METHODS

Standard Protocol Approvals and
Patient Consent
This study was approved by the Ethics Committee of Beijing
Tiantan Hospital, Capital Medical University. The study was
May 2021 | Volume 12 | Article 652864
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conducted in accordance with the declaration of Helsinki, and all
patients provided informed consent for the use of their
medical records.

Patients
Twenty-five patients were enrolled in our cohort as CASPR2
antibody-associated encephalitis, all with positive results for
CASPR2 antibody in the serum. Meanwhile, the same positive
results were reported in part of the CSF sample as well. Our patients
were collected from multiple centers, including Beijing Tiantan
Hospital, Henan Provincial People’s Hospital, The First Affiliated
Hospital of Zhengzhou University, Nanjing Brain Hospital and the
Affiliated Hospital of Ningxia Medical University. In this study, we
retrospectively analyzed their clinical features, including present
and past history (epilepsy, tumor, autoimmune disease),
manifestations, laboratory tests (including antibody titer),
electrophysiology and imaging examinations, treatments,
and prognosis.

All the patients included in the study met the criteria as
follows: (1) Subacute onset (rapid progression of less than 3
months) of one or more of the ten major groups of
manifestations, including psychosis, memory deficit, speech
disturbance, seizure, movement disorder, loss of consciousness,
autonomic dysfunction, and central hypoventilation; or Morvan
syndrome(2)with or without CSF pleocytosis, encephalitis MRI
features or EEG epileptic or slow-wave activity; (3) cerebrospinal
fluid (CSF) or blood serum antibody testing positive for AE
antibodies based on a cell-based assay (CBA) (FA 112d-1 for
NMDAR, AMPAR, GABAbR, LGI-1, CASPR2; FA 1151 for
LgLON5; Euroimmun Ag, Lubeck, Germany); (4) reasonable
exclusion of other disorders.

Laboratory Tests
Serum and CSF tests for autoantibody were routine for each
patient suspected of autoimmune encephalitis. The spectrum of
specific antibodies included D-aspartate receptor (NMDAR),
leucine-rich glioma-inactivated 1 (LGI1), GAD65, contactin-
associated protein-2 (CASPR2), a-amino-3-hydroxy-5-methyl-
4-isoxazolepropionic acid receptor (AMPAR), and g-
aminobutyric acid type B (GABAB). Serum or CSF antibody
tested positive for AE antibodies based on a cell-based assay
(CBA) (FA 112d-1 for NMDAR, AMPAR, GABAB, LGI-1,
GAD64, CASPR2; Euroimmun Ag, Lubeck, Germany).
CASPR2-positive patients were enrolled with dilution of
antibodies (1:10, 20,1:32,1:100, etc.). Patients who were then
diagnosed with viral encephalitis were excluded. We conducted
a complete immunological evaluation, consisting of anti-
neuronal antibodies [Hu, Yo, Ri, amphiphysin, CV2/CRMP5
and paraneoplastic antigen MA2(PNMA2)], autoantibody series,
anti-neutrophil cytoplasmic antibodies (ANCA), anti-nuclear
antibody spectrum, anti-cardiolipin antibody, rheumatoid
factor, anti-streptolysin O; serum level of complement was also
tested as complement is involved in immune response and
inflammation which might underlie autoimmune encephalitis.
Thyroid function analysis included total T3 (TT3), total T4
(TT4), free T3 (FT3), free T4 (FT4), thyroid-stimulating
(TSH), thyroglobulin (TG), anti-thyroglobulin antibody (TG
Frontiers in Immunology | www.frontiersin.org 3247
Ab), anti-thyroperoxidase antibody (TPO Ab), and thyrotropin
receptor antibody (TRAb). All patients accepted tumor screening
by detecting tumor markers, and anti-neuronal antibodies.
Whole-body PET-CT was completed in only five patients due
to the limitation of individual financial capacity, medical
insurance policies, and examination ability of some centers.

EEG and Imaging
A video electroencephalogram (VEEG) was undertaken using
EEG-1200C (Nippon Optoelectronics Corporation), EEG-V32
(Natus, Nicolet Corporation), EMU40EX (Natus, Nicolet
Corporation), and Micromed-SD (Brain Quick, Micromed).
Magnetic resonance imaging (MRI), with or without
gadolinium injection, was undertaken using an NT 3.0-T
Philips Gyroscan (Eindhoven, the Netherlands), GE-SIGNA
(GE Healthcare), Vantage Tian 3.0 T (Toshiba, Japan), and
Magnetom Lumina (Siemens Healthineers). In addition, 18 F-
FDG positron emission tomography (PET) images were acquired
using a PET/CT scanner (Elite Discovery, GE HealthCare,
Fairfield, Connecticut, USA).

Outcome Evaluation
The modified Rankin scale (mRS) was adopted for outcome
evaluation. For all patients, except a 3-year-old and an 8-year-
old, the Montreal Cognitive Assessment (MOCA) and the Mini-
Mental State Examination (MMSE) were used to measure
cognitive impairment. MMSE<24 or MOCA<26 was defined as
cognitive disturbance.

Literature Review
An extensive literature search was performed for the terms
“CASPR-2” and “encephalitis” from January 2007 to October
2020. The reported results were reviewed and summarized. The
primary search identified 94 topic-related publications on
PubMed, and any studies and case reports that included more
than five patients were included. Ultimately, five studies and case
series were reviewed in discussion (more details in
Supplemental Table).

Data Availability
Anonymized data not published within this article will be made
available by request from the principal investigator, WS.

Statistical Analysis
SPSS 19.0 was used for statistical analysis. Descriptive statistics
were applied to analyze clinical data, such as medians
and percentages.
RESULTS

Demographic Features
A total of twenty-five CASPR2-AE cases from 22 centers in
China were collected for this study. Twenty-five patients aged
from 3 to 79 years old with a median age of 43 were recruited into
our study. The median age of symptom onset was 42 years, with
the course of disease from onset to hospital admission ranging
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from 2 days to 6 months (median was 17 days). Eight of 25 (32%)
were female, and 17 of 25 (68%) were male.

Clinical Manifestations
Data for symptoms presenting at onset and during the course are
summarized in Table 1. Six patients (6/25) had fever as an onset
symptom, with the temperature exceeding 39°C in two patients
(2/25). Five patients (5/25) had cognitive disturbances and
complained of visual hallucinations, memory deterioration,
behavioral disorders or déjà vu. Four patients (4/25)
had dyskinesia, and two patients (2/25) had seizures as
presenting symptoms.

During the course of the disease, cognitive disturbance was
the most common symptom observed in 17 patients (17/25 in
total). Among them, five patients (5/17) had amnesia, five (5/17)
had behavioral disorders, five (5/17) had hallucinations, and
seven (7/17) had psychosis. Two or more symptoms occurred in
four patients. Five (5/25) patients had epilepsy. Two presented
generalized tonic–clonic seizures, and one only had focal seizures
with automatisms. Autonomic dysfunction occurred in six
patients (6/25), three had constipation, four had urinary
retention of hesitation, three had hyperhidrosis, and one
Frontiers in Immunology | www.frontiersin.org 4248
presented with tachycardia. Moreover, weight loss was seen in
two patients, and insomnia was seen in four.

Eight patients (8/25) met the criteria for limbic encephalitis,
presenting with cognitive disturbance and mental or behavior
disorders. Short-term memory impairment was most common
(4/8), with MMSE scores of 25, 5, 26, and 26. Some experienced
meaningless speech or mis-actions such as washing hands in the
toilet or wearing the wrong clothes. Epileptic seizures occurred
in six of the eight patients. Four patients (4/25) had
Morvan syndrome, which is characterized by involuntary
muscle cramping and stiffness accompanied by insomnia,
hallucinations, and autonomic symptoms. Two of them
experienced weight loss of 12 and 15 kg. Tumor screening
showed slightly elevated tumor markers. Three patients (3/25)
had cerebellum symptoms, and their chief complaints were
walking instability. Relapse was recorded in four patients,
among which three experienced both sleep disorders and
epileptic seizures.

Laboratory Tests
The results of laboratory tests and imaging are summarized in
Table 2. Blood and CSFwere obtained before treatment. All patients
were positive for anti-CASPR2 antibody in CSF or blood. In 19
patients, the antibody was detected only in blood samples (1:10–
1:300), while six patients presented a positive CASPR2 antibody in
both blood and CSF (1:32). By analyzing white blood cell (WBC)
counts and protein levels, we found evidence of inflammation.
WBC counts in the CSF were elevated, ranging from 11 to 432 cells/
ul in eight patients (8/25). Meanwhile, proteins in CSF decreased in
seven of 25 (ranging from 23.2 to 130.5 mg/dl) and increased in 10
(ranging from 480 to 1,337.6 mg/dl). In eight patients, proteins in
CSF were at normal level (ranging from 150 to 450 mg/dl).
Seventeen patients received immunological evaluations, although
not all of them finished all test items. Normal thyroid function was
found in most patients, except one patient whose FT4 was elevated
(17.1 pmol/L). Positive thyroid peroxidase antibodies (TPOAb) and
thyroglobulin antibodies (TG Ab) were detected in three of 15
patients. One patient was positive for RO-52 antibody, and another
was positive for anti-streptolysin O. Nineteen patients underwent a
tumor screening test, none of whom was previously diagnosed with
a tumor. A slight elevation (within triple of increase) of tumor
markers, including Carbohydrate antigen199 (CA-199), Human
Growth Hormone (HGH), Carcinoembryonic antigen (CEA),
Cytokeratin-19-fragment (CYFRA21-1), squamous cell carcinoma
antigen (SCC), pro-gastrin-releasing peptide (ProGRP), and neuron
specific enolase (NSE), was observed. Alpha fetoprotein (AFP),
CA125, CA242, CA72-4, CA50, and Prostate specific antigen
(t-PSA) were also screened but kept in normal range. Moreover,
one patient was diagnosed with lung cancer by PET-CT scan
without a positive tumor marker.

EEG and Imaging
Approximately 65% of patients reported an abnormal
electroencephalogram (EEG) including slow background
activity and epileptic patterns. Figure 1 shows different EEG
findings in patients with CASPR2 antibody-associated
encephalitis. Figure 1A shows normal EEG patterns in
TABLE 1 | Characteristics and clinical features.

Characteristics Values

Sex, n (%)
Male 17 (68%)
Female 8 (32%)

Age, y, median (range) 43 (3–79)
Course of disease, d, median (range) 17 (2–181)
Clinical syndrome, n (%)
Morvan syndrome 4/25 (16)
Cerebellar syndrome 3/25 (12)

Presenting symptom, n (%)
Cognitive disturbance 5/25 (20)
Fever 6/25 (24)
Myokymia and neuromyotonia 4/25 (16)
Seizure 2/25 (8)
Numbness 2/25 (8)
Sleep disorder 2/25 (8)
Others 4/25 (16)

Symptoms during course of disease, n(%)
Cognitive disturbances, n (%) 17/25 (68)
Amnesia 5/25 (20)
Behavioural disorder 5/25 (20)
Hallucination 5/25 (20)
Psychosis 7/25 (28)
Epilepsy, n (%) 5/25 (20)
Peripheral nerve hyperexcitability, n (%) 4/25(16)
Sleep disorder, n (%) 6/25 (24)
Insomnia 4/6 (67)
Difficulty falling asleep 2/6 (33)
Autonomic dysfunctiona, n (%) 6/25 (24)
Constipation 3/6 (50)
Tachycardia 1/6 (17)
Urinary retention or hesitation 4/6 (67)
Hyperhydrosis 3/6 (50)
Pain, n (%) 4/25(16)
Weight loss, n (%) 2/25 (8)
aTWO or more symptoms could present simultaneously in one patient. Double symptoms
occurred in five patients.
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patients; Figure 1B shows slow wave activities; Figure 1C shows
interictal epileptic activities and epileptic patterns. One had
interictal spikes and waves in the left hemisphere, as well as
one event with spikes and waves with evolution in synchronous.
Paroxysmal bilateral spikes and waves were recorded in
another patient.

In three patients presenting cognitive disturbance, abnormal
signals were observed in bilateral hippocampus (Figures 2A, B),
while in one patient, the right hippocampus appeared to be smaller
than the left hippocampus. One patient presenting weakness in both
lower limbs at onset had a remote infarction in the bilateral basal
ganglia on MRI. Moreover, non-specific white matter disease and
lacunar infarction were common, though not directly related to AE.
In one patient who had limbic encephalitis, increasedmetabolism of
bilateral basal ganglia and the mesial temporal lobe was revealed by
PET-CT (Figures 2C, D).

Treatment and Prognosis
Immunoglobulin and corticosteroid were the most common
therapy. Immunoglobulin plus intravenous methylprednisolone
pulse (IVMP) was adopted in 15 of 25 patients. In our cohort, a
standard protocol was intravenous immunoglobulin for 5 days,
followed by steroid sequential therapy. Meanwhile, five patients
(5/25) received IVMP therapy alone, while two (2/25) were given
immunoglobulin alone. One of each of the other three patients
was treated with circulation improving, anti-tuberculotic, and
anti-viral therapies (Table 3).

Comparing the modified Rankin scale (mRS) before and after
treatment, 11 patients experienced varying degrees of
improvement. For seven patients who were assessed as
requiring external help in life (mRS ≥3), they were able to take
care of themselves independently after treatment. However, six
patients failed to respond to therapy, including one who
remained severely disabled (mRS = 4). No patient reported
disability progression. Three patients underwent lumber
Frontiers in Immunology | www.frontiersin.org 5249
puncture again after treatment, showing decreased protein and
WBC in CSF after treatment. Relapse occurred in four of 25
patients (4/25) after 2 months. Insomnia and epileptic seizures
both appeared in three of them (Table 3).
DISCUSSION

We retrospectively analyzed 25 patients with confirmed anti-
CASPR2 antibody-associated encephalitis in five centers. In our
study, male patients accounted for a larger proportion, and they
were older than females when initial symptoms appeared (median
at 44 vs 38 years old). This result is similar to those of other studies
in Asia (21). As known, autoimmune encephalitis is characterized
by acute or subacute onset. Our patients had a median course of 17
days before admission, whichmight imply that CASPR2-associated
encephalitis has a relatively short course of progression. However,
we did notice that patients enrolled in our study went to the
hospital sooner than those in other reports (21, 22).

The initial manifestation at onset varies by patient. For
instance, one patient first suffered from right upper limb
numbness, and another presented blurred vision as an initial
symptom, which may be identified as cerebrovascular disease at
the beginning. This could hinder timely and accurate diagnosis.
An animal-model study demonstrated that CASPR2 was widely
and deeply expressed in the cortex and involved motor and
sensory pathways and the limbic circuit (23). This may explain
the diverse symptoms observed.

During the course, muscle cramps or myokymia was one of
most common symptoms and was recognized as peripheral
nerve hyperexcitability (PNH). An in vitro experiment found
that CASPR2 tends to express in inhibitory neurons (24), which
means anti-CASPR2 antibodies can result in neuronal excitation
through combination with its target. Among PHN syndromes,
Morvan syndrome is notably special, not only because of its close
specificity to Anti-CASPR2 antibody but also because both the
central and peripheral nervous systems are involved (15). For
instance, memory loss, sleeping disorder, and psychosis are
typically seen in Morvan syndrome and no other PNH
syndromes, such as Isaacs syndrome or cramp-fasciculation
syndrome (25). Interestingly, in our study, the incidence of
Morvan syndrome was 4/25, which is relatively lower than that
in other studies (22). It may be attributed to the fact that our
patients attended hospital and received medical intervention
earlier, which suggests that initiating treatment early might
be rewarding.

In our study, five patients (5/25) claimed to present epileptic
seizures during the course of disease. This incidence is lower than
that previously published, which was reported to be 30% by Husari
and 53% by Agnes van Sonderen (26, 27). However, we found
abnormal EEGs with epileptic seizure activities in five patients, while
11 patients received EEG examinations in this study. Considering
that the information about seizure occurrence was based on the
patient description and only a limited number of patients
underwent EEG examination, there might be inevitable recall bias
and missing report of non-motor or subtle seizures which were
TABLE 2 | Laboratory results and imaging.

Test profile n (%)

CSF
Normal 8 (32)
WBC counts ＞10 cells/ml 8 (32)
Protein ≥450 mg/ml 10 (40)
Protein ≤150 mg/ml 7 (28)

Immunological evaluation
FT3 increasing 1/15 (6)
Positive TPOAb and TGAb 3/15 (20)
RO-52 antibody 1/15 (6)
ASO antibody 1/15 (6)

Tumor marker
Normal 14/19 (74)
Abnormal 5/19 (26)

EEG
Normal 6/17 (35)
Slow background 6/17 (35)
Epileptic discharge 5/17 (29)

MRI
Normal 17 (74)
Bilateral mesial temporal lobe hyperintensity 3 (13)
Unilateral mesial temporal lobe hyperintensity 3 (13)
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hardly noticed by themselves. Two types of seizures were reported
in our study: generalized tonic–clonic seizure (2/5) and focal seizure
with or without impaired awareness (3/5). No patients presented
more than one type of seizure in the acute stage, which is in contrast
to Morano’s report (28). Subclinical seizures occurred at a relatively
higher rate, which motivated us to consider that widespread use of
EEGs might be beneficial to the diagnosis of AE and epilepsy. The
relapse rate is 4/25, lower than previously published data (27, 29,
30). More patients might be lost to follow-up owing to our
calculation for relapse based on those who are re-hospitalized.
Antiepileptic drugs help control seizures but allowed for relatively
easy relapse in our study and others (31).

Additionally, tumors usually present as a comorbid to
autoimmune encephalitis, mostly in anti-GABAB encephalitis
(21). In our study, only one patient (1/25) had a lung tumor,
which was confirmed by imaging. Although tumor markers were
Frontiers in Immunology | www.frontiersin.org 6250
slightly elevated in some patients, it was not sufficient to suggest any
malignancy. Meanwhile, tumors are also believed to trigger AE (32);
however, in this study we did not find such an association.

Immunotherapy was initiated once the diagnosis was confirmed.
Intravenous immunoglobulin (IVIG) and/or corticosteroid were
applied to 22/25 patients. The response rate was relatively satisfying
compared with previously published data (27, 33). Moreover, plasma
exchange and rituximab were also proven to be efficient in some large
cohorts (34), while a small cohort on LGI-1 encephalitis did not
achieve an effective result (35). As a second-line drug, rituximab was
not used in our cohort, possibly because of the good response to first-
line therapy. Patients suffered from functional impairment in acute
stage, while more than a half obtained favourable outcome after
intervention (mRS ≤ 2) (Table 3).

To our knowledge, the incidence of autoantibody encephalitis
is low and compared to that of NMDA, lgI1 or GABAB, and anti-
A

B

C

FIGURE 1 | Abnormal EEG findings in patients with CASPR2 antibody-associated encephalitis. (A) normal EEG pattern observed in patients; (B) slow wave activities
observed in F8 and T4; (C) interictal spikes and waves in F7 and T3.
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CASPR2 antibodies are rarely detected. We first analyzed a
retrospective cohort of anti-CASPR2 encephalitis in a Chinese
population. Moreover, our study is based on a multi-center
population. For comparison, we screened published cohorts
about anti-CASPR2 encephalitis to date and then listed those
with integrated clinical data in (Supplementary Figure 1). First,
the spectrum of manifestation was not much different although
previous studies did not describe much about the initial
symptoms. For completeness, we included this in our study
and noticed that the first presentation could be fairly varied.
Second, second-line therapy was seldom applied to our patients,
and by treating with corticosteroid and IVIG, they received a
good prognosis as well.
CONCLUSION

Autoantibody encephalitis is a relatively rare disease that lacks
widely accepted international guidelines. We present this
retrospective analysis of CASPR2 antibody-associated
encephalitis to identify its clinical features. It is characterized
by diversity of manifestation and involves the central and
Frontiers in Immunology | www.frontiersin.org 7251
peripheral nerve systems and has a lower relapse rate. A good
response to immunotherapy and favorable short-term prognosis
after treatment was demonstrated in this study, but additional
work is needed to evaluate long-term prognosis.
A B

DC

FIGURE 2 | Abnormal neuroimaging findings in patients with CASPR2 antibody-associated encephalitis. (A, B) Comparison between normal and abnormal MRI
showed abnormal signals in bilateral hippocampus in patients; (C, D) Comparison between normal and abnormal PET-CT revealed increased metabolism of bilateral
basal ganglia and mesial temporal lobe in patients.
TABLE 3 | Treatment and outcomes.

Test profile n (%)

Treatment
Corticosteroids 5/22 (23)
IVIG 2/22 (9)
Corticosteroids + IVIG 15/22 (68)
Other treatmenta 3/25 (15)

Outcomesc

mRS ≤ 2b 6/17 (35)
At least −1 mRS point 11/17 (65)
No change on mRS 4/17 (24)
Relapse 4/25 (16)
May 2021 | Volume 12 | Arti
aOther treatment including anti-viral, anti-tuberculotic treatments and vessel circulation
improvement. These patients were not diagnosed as AE during hospitalization and thus
given empiric therapy as above.
bThe mRS scales of these patients were graded higher than 2 before treatment.
cEight patients were lost to follow-up.
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Neurological manifestations of primary Sjögren’s syndrome (SS) are diverse involving the

peripheral and central nervous system. Anti-N-methyl-D-aspartate receptor (NMDAR)

encephalitis, as the most prevalent autoimmune encephalitis, was rarely reported to be

complicated with primary SS. Herein, we present an elderly patient with a 15-year history

of primary SS presenting with progressive cognitive dysfunction due to anti-NMDAR

encephalitis that was once misdiagnosed as primary degenerative dementia. Early

recognition of anti-NMDAR encephalitis and initiation of treatment with steroids and

immunosuppressant gained a favorable outcome. Our findings enhance the awareness

that autoimmune encephalitis should be taken into account in the patients with primary

SS presenting with progressive cognitive impairment.

Keywords: primary Sjögren’s syndrome, autoimmune encephalitis, anti-N-methyl-D- aspartate receptor, cognitive

dysfunction, Alzheimer’s disease

INTRODUCTION

Primary Sjögren’s syndrome (SS) is a chronic systemic autoimmune disease characterized by
lymphocytic infiltration of exocrine glands resulting in dry mouth and dry eyes (1). Many organs
other than the exocrine glands may be affected including the skin, joints, lungs, gastrointestinal
tract, pancreas, liver, and the kidneys. In addition to the extraglandular involvement, the patients
with primary SS may exhibit a variety of peripheral neuropathies and/or central nervous system
(CNS) manifestations. Neurological manifestations may be the first clinical manifestation in 25–
60% of patients with primary SS and precede the diagnosis of primary SS on an average of 2 years
(2). Cognitive impairment has been reported to be one of the common CNS involvement. Tezcan
et al. reported that 39.2% of primary SS patients had moderate or severe cognitive dysfunction
unrelated to the anti-N-methyl-D-aspartate receptor (NMDAR) antibody, anti-ribosomal-p and
anti-ganglioside antibodies (3). However, autoimmune encephalitis, consisting of a wide variety of
pathologic processes associated with the presence of antibodies against neuronal surface proteins,
neuronal intracellular proteins, synaptic receptors (4), was rarely reported in primary SS. Anti-
NMDAR encephalitis is the most prevalent autoimmune encephalitis involving anti-NMDAR
antibodies, which is specific to the NR1 subunit of the NMDAR, and predominates in young
women and children despite affecting people of any age (4). Herein, we report an elderly patient
with a 15-year history of primary SS presenting with progressive cognitive dysfunction due to
anti-NMDAR encephalitis.
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FIGURE 1 | Brain MRI in November 2018 revealed multiple ischemic lesions, white matter degeneration and brain atrophy, including hippocampal atrophy.

CASE PRESENTATION

A 76-year-old woman presented with a 4-year history of
progressive muscle weakness of lower limbs. At the early
stage, she still could walk without any aids. One year
ago, a brain magnetic resonance image (MRI) scan revealed
multiple ischemic lesions, white matter degeneration and
encephalatrophy, including hippocampal atrophy (Figure 1).
Her muscle weakness was getting worse gradually, and
incontinence, dysarthria and dysphagia developed. One month
before admission, she began to experience a decline in cognitive
function and short-term memory deficit. Additionally, she was
diagnosed with primary SS 15 years ago and treated with
prednisone for 1 year. She denied any history of hypertension,
diabetes and heart diseases.

The patient was first admitted to the Department of
Neurology in September 2019. On admission, she had decreased
consciousness, barylalia, and disorientation. Muscle strength of
lower limbs was grade II. Cognitive dysfunction was confirmed
through the tests of Mini-Mental State Examination, Montreal
Cognitive Assessment and clock drawing. Laboratory tests were
as follows: peripheral white blood cell (WBC) was 7.8 ×

109/L (4–10). Urinalysis, renal and liver functions were normal.
Thyroid examination revealed she had Hashimoto’s thyroiditis.
Cerebrospinal fluid (CSF) analysis revealed 2 leukocytes, elevated
protein level of 0.95 g/L (0.15∼0.45) and normal glucose.
The oligoclonal band (OB) was present in CSF. Transfection
of human embryonic kidney (HEK) 293 cells with NR1
subunit or NR1-NR2B subunits of NMDAR was performed
to test for the presence of NMDAR antibody (Figure 2) and
it was confirmed by using a commercial kit (Euroimmune,
Germany) with both cell-based assay (CBA) and rat brain
immunostaining. Results showed that the anti-NMDAR was
positive with a titer of 1:100 in both serum and CSF, and
anti-aquaporin (AQP) 4 immunoglobulin (Ig) G antibody was
weakly positive in serum. Pathogen detection was negative in
the CSF. High-resolution computed tomography scan revealed
interstitial lung disease. Brain MRI showed new scattered foci
of T2-weighted-fluid-attenuated inversion recovery (FLAIR)
hyperintensity within the periventricular, deep and subcortical
white matter of the frontoparietal lobe without post-contrast

enhancement (Figure 3). A primary diagnosis of Alzheimer’s
disease was made according to the elderly age of onset, a decline
in cognitive function and hippocampal atrophy. Thus, she was
transferred to the Department of Neurological Rehabilitation.

Then a consultation of the rheumatologist was done owing
to a previous diagnosis of primary SS. The patient had decay
of teeth and recurrent swelling of parotid glands besides sicca
symptoms. Immunologic examinations showed that IgG was 18.7
g/L (7.51∼15.6), IgA 5.61 g/L (0.82∼4.53); Complement C3 and
C4 normal. ANA panel showed that ANA was positive with a
titer of 1:320 (speckled pattern), anti-SSA positive (+ + +),
anti-Ro-52 positive (+ + +), anti-double-strand DNA, anti-
ribonucleoprotein, anti-Smith and anti-nucleosome antibody
were all negative. Salivary scintigraphy showing delayed uptake
and reduced excretion of tracer. Biopsy of the labial gland
revealed focal lymphocytic sialadenitis. As a result, the diagnosis
of primary SS complicated with anti-NMDAR encephalitis was
considered (5). The patient was given methylprednisolone pulse
therapy (500 mg/d for 3 days), followed by oral prednisone
60mg per day (1 mg/kg/d), combined with mycophenolate
mofetil 1,000mg per day. After 1 week of treatment, the patient
could communicate fluently, remember the recent events. The
symptoms of dysphagia and dysarthria were alleviated. Repeated
brain MRI after 2 months of treatment showed scattered foci of
T2-FLAIR hyperintensity disappeared partially (Figure 4). And
peripheral WBC was 5.69 × 109/L. The anti-NMDAR antibody
was positive with a titer of 1:10 in serum. There was no CSF
results since the patient refused a second lumbar puncture. The
dosage of prednisone was tapered gradually and a dose of 10mg
per day was maintained. In a follow-up of 1 year, she achieved a
significant improvement.

DISCUSSION

Neuropsychiatric (NP) events are commonly found in patients
with systemic lupus erythematosus (SLE) and primary SS.
Previous studies demonstrated that circulating autoantibodies
to the NR2 subunit of NMDAR was associated with the
cognitive dysfunction and psychiatric disease (6–8). However,
anti-NMDAR encephalitis has been found to be closely
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FIGURE 2 | Human embryonic kidney 293 cells staining transfected with NR1 and NR1-NR2B subunits by using indirect immunofluorescence. As shown in this

figure, the results were positive (200×).

FIGURE 3 | Brain MRI in September 2019 before treatment showed new scattered foci of T2- FLAIR hyperintensity within the periventricular, deep and subcortical

white matter of the frontoparietal lobe and progressive brain atrophy, especially in the hippocampus.

FIGURE 4 | Repeated brain MRI after 2 months of treatment in November 2019 showed the scattered foci of T2-FLAIR hyperintensity disappeared partially.

related to the antibodies against NR1 subunit of NMDAR
detected by CBA. Zhao et al. studied the coexistence of
autoimmune encephalitis and other systemic autoimmune
diseases (9). There was 1 out of 111 patients with anti-
leucine-rich glioma-inactivated 1 (LGI1) encephalitis and 1
out of 52 patients with anti–gamma aminobutyric acid B
receptor (GABABR) encephalitis coexisting with primary SS,
respectively, but none of the 307 patients with anti-NMDAR
encephalitis was coexisting with primary SS. The correlation
between anti-NMDAR encephalitis and primary SS is yet to
be clarified.

This elderly patient we reported had a 15-year history of
primary SS presenting with a 4-year history of progressive
muscle weakness of lower limbs. BrainMRI demonstrated diffuse
brain atrophy, especially in the hippocampus. She was initially
considered to have primary degenerative dementia related to
Alzheimer’s disease (AD). Misdiagnosis of AD could lead to
different therapeutic outcomes since the autoimmune-related
cognitive dysfunction is often reversible. However, the patient’s
symptoms worsened 2 months before admission, she had a rapid
decline in cognitive function andmemory impairment.We found
that diffuse brain atrophy were progressive in this patient by
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comparing her present brain MRI with that of 1 year before the
onset of cognitive dysfunction. However, in addition to the brain
atrophy, there were scattered foci of T2-FLAIR hyperintensity
within the periventricular, deep and subcortical white matter
of the frontoparietal lobe. These were new lesions. As for this
patient, anti-NR1 subunit of NMDAR antibodywas detected with
a titer of 1:100 in both CSF and serum by using the technique of
CBA and rat brain immunostaining. Thus, the diagnosis of anti-
NMDAR encephalitis combined with primary SS was established
eventually. Subsequent remarkable response to immunotherapy
further confirmed the diagnosis. We think that the patient’s
encephalitis may start 2 months before admission. The chronic
cognitive impairment in the previous years probably is due to
other causes such as cerebral ischemia and brain atrophy.

Actually, anti-NMDAR encephalitis is the most prevalent
autoimmune encephalitis which predominates in young
women and children despite affecting people of any age
(4). Up to 58% of affected young female patients have an
ovarian teratoma (4). As for this patient, positron emission
tomography/computed tomography (PET/CT) scanning
of the whole body was done and no solid tumors were
detected. Additionally, abnormal heavy or light chain and
monoclonal brand were negative with the detection of serum
protein electrophoresis and immunofixation electrophoresis.
As a consequence, the paraneoplastic syndrome could be
ruled out.

Interestingly, anti-AQP4 IgG antibody was weakly positive
in serum but not in CSF. As we know, the water channel
protein AQP4 is expressed in the foot-processes of astrocytes
throughout the central nervous system, and is the target of
anti-AQP4-IgG in neuromyelitis optica spectrum disorders
(NMOSD). There has been evidence that anti-NMDAR
encephalitis could coexist with NMOSD sequentially or
simultaneously (10). However, the patient did not develop
optic neuritis or long-segment myelitis or other core clinical
characteristics according to the international consensus
diagnostic criteria for NMOSD (11). So the question is whether
anti-AQP4 IgG could appear in autoimmune encephalitis. In
fact, Zhao et al. have reported that multiple autoantibodies
could be present in the same patient with autoimmune
encephalitis, including the coexistence of anti-NMDAR and
anti-AQP4 antibodies (1/307) (9). A recent investigation
showed that between 4 and 7.5% of patients with anti-NMDAR
encephalitis had concurrent glial-antibodies or neuronal-surface
antibodies (12).

Cognitive impairment is not unusual in primary SS. Tezcan
et al. reported that 39.2% of primary SS patients had moderate
or severe cognitive dysfunction (3). Consequently, in terms
of progressive cognitive dysfunction, autoimmune encephalitis
should be taken into account and latent tumors need to be
screened. Anti-NMDAR encephalitis is a potentially lethal but
treatable autoimmune disorder. For this reason, early recognition
and initiation of treatment are of great significance to facilitate
a favorable outcome. This unique case emphasizes the need for
a suspicion of anti-NMDAR encephalitis when approaching a
primary SS patient with a decline in cognitive function.

CONCLUSION

Anti-NMDAR encephalitis can be a rare form of CNS
involvement in primary SS patients. When patients with primary
SS have progressive cognitive decline, anti-NMDAR encephalitis
should not be out of consideration. Detection of autoimmune
encephalitis-related autoantibodies is very useful for differential
diagnosis. Earlier recognition and intervention are of great
significance to achieve a favorable outcome.
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Encephalitis: A Prospective
Observational Study
Thomas Seifert-Held1*, Katharina Eberhard2, Christian Lechner3,4, Stefan Macher5,
Harald Hegen6, Tobias Moser7, Gregor Brecl Jacob8, Gertraud Puttinger9,
Raffi Topakian10, Michael Guger11, Emrah Kacar12, Lea Zoche13, Desiree De Simoni14,
Andreas Seiser12, Stefan Oberndorfer14, Christoph Baumgartner13,15,16, Walter Struhal12,
Friedrich Zimprich5, Johann Sellner17, Florian Deisenhammer6, Christian Enzinger1,
Markus Reindl6, Helmut Rauschka18,19, Thomas Berger5 and Romana Höftberger4

1 Department of Neurology, Medical University of Graz, Graz, Austria, 2 Core Facility Computational Bioanalytics, Center for
Medical Research, Medical University of Graz, Graz, Austria, 3 Division of Pediatric Neurology, Department of Pediatrics I,
Medical University of Innsbruck, Innsbruck, Austria, 4 Division of Neuropathology and Neurochemistry, Department of
Neurology, Medical University of Vienna, Vienna, Austria, 5 Department of Neurology, Medical University of Vienna, Vienna,
Austria, 6 Department of Neurology, Medical University of Innsbruck, Innsbruck, Austria, 7 Department of Neurology, Christian
Doppler Medical Center, Paracelsus Medical University, Salzburg, Austria, 8 Department of Neurology, University Medical
Centre Ljubljana, Ljubljana, Slovenia, 9 Department of Neurology 1, Kepler University Hospital, Johannes Kepler University,
Linz, Austria, 10 Department of Neurology, Academic Teaching Hospital Wels-Grieskirchen, Wels, Austria, 11 Department of
Neurology 2, Kepler University Hospital, Johannes Kepler University, Linz, Austria, 12 Department of Neurology, University
Clinic Tulln, Karl Landsteiner University of Health Sciences, Tulln, Austria, 13 Department of Neurology, Hospital Hietzing,
Vienna, Austria, 14 Department of Neurology, University Clinic St. Pölten, Karl Landsteiner University of Health Sciences,
St. Pölten, Austria, 15 Karl Landsteiner Institute for Clinical Epilepsy Research and Cognitive Neurology, Vienna, Austria,
16 Medical Faculty, Sigmund Freud University, Vienna, Austria, 17 Department of Neurology, Landesklinikum Mistelbach-
Gänserndorf, Mistelbach, Austria, 18 Department of Neurology, Hospital Donaustadt, Vienna, Austria, 19 Karl Landsteiner
Institute for Neuroimmunological and Neurodegenerative Diseases, Vienna, Austria

Background: Prospective observations of functional recovery are lacking in patients with
autoimmune encephalitis defined by antibodies against synaptic proteins and neuronal
cell surface receptors.

Methods: Adult patients with a diagnosis of autoimmune encephalitis were included into
a prospective registry. At 3, 6 and 12 months of follow-up, the patients’ modified Rankin
Scale (mRS) was obtained.

Results: Patients were stratified into three groups according to their antibody (Ab) status:
anti-NMDAR-Ab (n=12; group I), anti-LGI1/CASPR2-Ab (n=35; group II), and other
antibodies (n=24; group III). A comparably higher proportion of patients in group I
received plasma exchange/immunoadsorption and second line immunosuppressive
treatments at baseline. A higher proportion of patients in group II presented with
seizures. Group III mainly included patients with anti-GABABR-, anti-GAD65- and anti-
GlyR-Ab. At baseline, one third of them had cancer. Patients in groups I and III had much
higher median mRS scores at 3 months compared to patients in group II. A median mRS
of 1 was found at all follow-up time points in group II.
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Conclusions: The different dynamics in the recovery of patients with certain autoimmune
encephalitides have important implications for clinical trials. The high proportion of patients with
significant disability at 3months after diagnosis in groups I and III points to the need for improving
treatment options. More distinct scores rather than the mRS are necessary to differentiate
potential neurological improvements in patients with anti-LGI1-/CASPR2-encephalitis.
Keywords: autoimmune encephalitis, anti-NMDAR-encephalitis, anti-LGI1-encephalitis, anti-CASPR2-encephalitis,
modified Rankin Scale
INTRODUCTION

Autoimmune encephalitides defined by antibodies against
synaptic proteins and neuronal cell surface receptors have
emerged as specific diagnostic entities (1–3). Clinical
presentation includes focal neurologic, neuropsychiatric and/or
cognitive symptoms and/or impaired consciousness.
Immunosuppressive treatments improve the patients’ clinical
outcome based on uncontrolled observations (4–6). A small
randomized trial has shown superiority of intravenous
immunoglobulins (IVIG) to placebo in reducing seizure
frequency in anti-leucine-rich, glioma-inactivated 1-antibody
(anti-LGI1-Ab) and anti-contactin-associated protein-like 2-
antibody (anti-CASPR2-Ab) seropositive adult patients (7).
Other randomized trials evaluating the efficacy of IVIG,
rituximab and bortezomib are ongoing (8–10). We have set up
a multicenter prospective observational study for a structured
assessment of diagnostics and treatments applied in clinical
routine in adult patients with autoimmune encephalitis. Focus
is on the patients’ functional outcome assessed by the modified
Rankin Scale (mRS) (11) at pre-specified follow-up intervals.
Previous observational studies were mainly retrospective and
have applied a wide range of observational periods with
heterogenous outcome measures (12).
PATIENTS AND METHODS

Study Cohort
Eleven clinical centers in Austria and one in Slovenia, covering a
population of about 9 million people, included patients in a
prospective registry with the following inclusion and
exclusion criteria:

Inclusion criteria:

• Patients ≥18 years of age.
• mRS score ≤1 before the appearance of first clinical symptoms

related to autoimmune encaephalitis, i.e. patients without pre-
existing disability.

• mRS score ≥2 at maximum of the disease
• Occurrence of first clinical symptoms related to autoimmune

encephalitis ≤ 6 months before inclusion into the study.
• A diagnosis of autoimmune encephalitis based on clinical

presentation according to established criteria and either anti-
glutamic acid decarboxylase 65-antibodies (anti-GAD65-Ab) or
specific neuronal surface antibodies in serum and/or
iersin.org 2260
cerebrospinal fluid (CSF) (2): anti-N-methyl-D-aspartate
receptor-antibodies (anti-NMDAR-Ab), anti-LGI1-Ab, anti-
CASPR2-Ab, anti-alpha-amino-3hydroxy-5-methyl4-
isoxazolepropionic acid receptor-antibodies (anti-AMPAR-Ab),
anti-gamma-aminobutyric acid A and B receptor-antibodies
(anti-GABAAR-Ab, anti-GABABR-Ab), anti-metabotropic
glutamate receptor 1 and 5-antibodies (anti-mGluR1-Ab, anti-
mGluR5-Ab), anti-glycin-receptor-atibodies (anti-GlyR-Ab),
anti-dipeptidyl-peptidase-like protein-6-antibodies (anti-
DPPX-Ab), anti-IgLON5-antibodies (anti-IgLON5-Ab),
anti-Dopamine 2 receptor-antibodies, anti-Neurexin 3-alpha-
antibodies (1). Methods and scope of antibody testing in
individual patients were applied on discretion of the treating
neurologists. Although GAD65 is an intracellular protein,
patients with anti-GAD65-Ab share certain characteristics with
surface autoimmunity and were therefore included in this study.

• According to established criteria, a diagnosis of autoimmune
encephalitis in patients negative for antibodies in serum and
CSF mentioned above (2).

Exclusion criteria:

• Patients with infectious encephalitis.
• Steroid-responsive encephalopathy with autoimmune

thyreoiditis (SREAT).
• Detection of onconeural antibodies in peripheral blood.
Data Acquisition and Statistical Analysis
Data entry into the prospective registry started at 01/01/2016 and
is ongoing. Data extraction for this analysis was done on 29/10/
2020. The patients’ demographics, clinical symptoms, results from
antibody testing, CSF analysis, brain imaging, intensive care unit
(ICU) admissions, tumor diagnostics, immunosuppressive,
antiepileptic and anti-tumor treatments were recorded at
baseline and on follow-up examinations at 3, 6 and 12 months.
On all these follow-up examinations, the modified Rankin Scale
(mRS) was obtained as used in the majority of published outcome
studies in autoimmune encephalitis (12). Although there is known
interobserver variability (13), the patients’ mRS was rated by
neurologists experienced in the routine use of this scale in
acute stroke care. Immunosuppressive treatments were ranked
as first line (high-dose intravenous corticosteroids, oral
corticosteroids, intravenous immunoglobulins, plasma exchange,
immunoadsorption) or second line (rituximab, azathioprine,
mycophenolate mofetil, cyclophosphamide i.v. or p.o.,
bortezomib) as established previously (4). Source data were
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entered into a web-based electronic data capture system which
conforms to the Code of Federal Regulations Title 21 Part 11.

One-way analysis of variance (ANOVA) and the Chi-square
test were applied for multi-group comparisons with post-hoc two
group comparisons by the Games-Howell test. A p-value less
than 0.05 was considered as statistically significant. In Chi-
square tests, the deviation of the observed from the expected
frequency was assessed by calculating adjusted standardized
residuals where magnitudes above |1.96| correspond to p-
values less than 0.05 and magnitudes above |2.58| correspond
to p-values less than 0.01 (14). Friedman’s test with post-hoc
two-group comparisons by Wilcoxon’s signed rank test and
Bonferroni correction was applied for longitudinal changes in
median mRS scores. Herein, a p-value less than 0.0167 was
considered statistically significant. The Chi-square test was used
for sample size calculations with a two-sided significance level of
0.05 and a power of 80%. Sample size calculations were
performed using nQuery (Statsols, Cork, Ireland). All other
statistical analyses were performed using IBM SPSS statistics
version 26 (IBM, Chicago, Illinois, USA).
RESULTS

A total of 84 patients fulfilled the inclusion criteria. 11 patients
negative for antibodies against synaptic proteins and neuronal cell
surface receptors were excluded from the analysis. Another 2
patients with anti-IgLON5-Ab were excluded. Anti-IgLON5
disease follows a chronic progressive course, and response to
immunotherapy is variable (15). 71 patients were included into
the analysis: 41 men, 30 women, mean age 53.5 years (range 18-81
years), 69 (97.2%) Caucasians. On the day of data extraction for
this analysis, 56, 46 and 44 patients, respectively, have completed
follow-up examinations at 3, 6 and 12 months (Figure 1). One
patient was lost to follow-up after baseline. One patient died until
3 months of follow-up. Patients with antibodies against neuronal
cell surface proteins and the synaptic protein GAD65 in serum
and/or CSF were identified at baseline as follows: 12 (16.9%) anti-
NMDAR-Ab, 24 (33.8%) anti-LGI1-Ab, 10 (14.1%) anti-CASPR2-
Ab, 1 (1.4%) anti-LGI1-Ab and anti-CASPR2-Ab, 1 (1.4%) anti-
AMPAR-Ab, 1 (1.4%) anti-GABAAR-Ab, 5 (7.0%) anti-GABABR-
Ab, 9 (12.7%) anti-GAD65-Ab, 1 (1.4%) anti-GABABR-Ab and
anti-GAD65-Ab, 7 (9.9%) anti-GlyR-Ab. For further analysis,
patients were stratified according to their antibody status: one
group of patients with anti-NMDAR-Ab (n=12), one with anti-
LGI1/CASPR2-Ab (n=35), and one with all other antibodies
(n=24). The study flow chart (Figure 1) shows the total number
of patients who have completed 3, 6 and 12 moths of follow-up at
the day of data extraction for this analysis. One patient with anti-
LGI1-Ab was lost to follow-up after baseline. For another patient
with LGI1-Ab, data are not available at 6 but at 12 months follow-
up. For 3 patients in the group with other antibodies, data are not
available at 6 but at 12 months.

Patient demographics, clinical symptoms and tumor status at
baseline are given in Table 1. Patients with anti-NMDAR-Ab
were significantly younger, and psychosis was more often found
Frontiers in Immunology | www.frontiersin.org 3261
as compared to other groups. Two patients with anti-NMDAR-
Ab had a previous aseptic meningoencephalitis 8 and 10 years
before, both at the age of 17 years. In one of them, anti-NMDAR-
Ab were found retrospectively in a stored CSF specimen thereby
identifying the previous disease as anti-NMDAR-encephalitis.
Another patient in this group aged 40 years had suffered from
herpes simplex encephalitis at the age of 3. No other previous
encephalitides were reported in the patients in this study. In the
group of patients with anti-NMDAR-Ab, a teratoma was found
in 3 women at first presentation and in one woman within 12
months of follow-up, i.e. a teratoma was identified in 50% of all
women in this group. Teratomas were all excised shortly
after diagnosis.

In the group of patients with anti-LGI1/CASPR2-Ab, two
thirds of them presented with seizures. Other characteristics
included a higher patients’ age, magnetic resonance imaging T2
mesial temporal hyperintensity in two fifths of patients, and a
high proportion of CSF samples with low or normal cell counts
(5). No tumors were found in these patients. In contrast, in the
group of patients with other antibodies, one third had a tumor at
first presentation of autoimmune encephalitis. Five of these
patients suffered from lung cancer (4 with anti-GABABR-Ab
and one with anti-GAD65-Ab), one patient with anti-GABABR-
Ab had colon cancer, one patient with anti-GABAAR-Ab had
thymoma, and one with anti-GlyR-Ab had breast cancer. One
further patient with anti-GAD65-Ab was diagnosed with B-cell
lymphoma at 3 months follow-up. One of the patients with anti-
GABABR-Ab and lung cancer died within 3 months of diagnosis.
At least one follow-up examination was available in another 7 of
these patients. Five of them received chemotherapy for lung
cancer, breast cancer or lymphoma. In the patients with colon
cancer, thymoma and breast cancer, surgery was performed. The
patient with breast cancer also received radiotherapy.

Immunosuppressive and antiepileptic treatments applied at
baseline and at 3, 6 and 12 months of follow-up are shown in
Table 2. Almost all patients received first line immunosuppression
at baseline. A significantly higher proportion of patients with anti-
NMDAR-Ab received plasma exchange or immunoadsorption at
baseline. Second line immunosuppressive treatments were applied
at baseline in about four fifths of patients with anti-NMDAR-Ab
and in one fifth of patients with anti-LGI1/CASPR2-Ab and
other antibodies.

The patients’ functional outcome at 3, 6 and 12 months of
follow-up is given in Table 3. Functional outcome at 3 months
was significantly better in the group of patients with anti-LGI1/
CASPR2-Ab as reflected by a lower median mRS and a higher
proportion of patients who have recovered to mRS <2. Two
thirds of patients with anti-LGI1/CASPR2-Ab recovered to mRS
scores <2 at 3 months, whereas only about 30% of patients
with anti-NMDAR-Ab or other Ab have recovered at 3 months.
These proportions increased to 50% at 6 months for both groups
(Table 3). Based on these proportions of patients who have
recovered at the different time points during follow-up, sample
size calculations for treatment trials were performed. Any
potential new treatment that increases the proportion of
patients who recover to mRS <2 at 3 months from 30%
May 2021 | Volume 12 | Article 641106
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FIGURE 1 | Study flow chart (Ab, antibodies; mRS, modified Rankin scale).
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TABLE 1 | Demographic, clinical and paraclinical data of patients at baseline stratified according to their antibody status.

anti-NMDAR-Ab
n = 12

anti-LGI1/CASPR2-Ab
n = 35

other Ab
n = 24

p

Mean (SD) age, years 31.9 (10.5)a 62.1 (12.0)b 51.7 (16.4)b <0.001
Women, n (%) 8 (66.7) 9 (25.7)** 13 (54.2) 0.016
Prodromal symptoms, n (%) 7 (58.3)** 4 (11.4)** 7 (29.2) 0.005
Psychosis, n (%) 6 (50.0%)* 6 (17.1) 4 (16.7) 0.044
Anxiety, n (%) 4 (33.3) 10 (28.6) 0** 0.011
Sleep disturbance, n (%) 2 (16.7) 5 (14.3) 1 (4.2) 0.391
Altered behaviour, n (%) 3 (25.0) 4 (11.4) 3 (12.5) 0.488
Seizures, n (%) 4 (33.3) 23 (65.7)** 5 (20.8)** 0.002
Status epilepticus, n (%) 3 (25.0) 1 (2.9) 3 (12.5) 0.074
Reduced consciousness, n (%) 0 3 (8.6) 2 (8.3) 0.578
Speech disorder, n (%) 2 (16.7) 1 (2.9) 0 0.055
Memory impairment, n (%) 5 (41.7) 18 (51.4) 12 (50.0) 0.840
Movement disorder, n (%) 2 (16.7) 4 (11.4) 6 (25.0) 0.393
Limb weakness, n (%) 2 (16.7)* 0 1 (4.2) 0.047
Autonomic dysfunction, n (%) 4 (33.3) 5 (14.3) 2 (8.3) 0.143
Respiratory insufficiency, n (%) 3 (25.0) 2 (5.7) 4 (16.7) 0.172
ICU admission, n (%) 5 (41.7) 5 (14.3) 6 (25.0) 0.138
MRI T2 mesial
temporal hyperintensity, n (%)

1 (8.3) 15 (42.9)* 5 (20.8) 0.040

CSF WBC >20/µl, n (%) 6 (50)** 1 (2.9)** 4 (16.7) 0.001
Diagnosis of tumor at
baseline, n (%)

3 (25.0) 0* 8 (33.3)* 0.001
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ap < 0.001 for all post-hoc two-group comparisons.
bp = 0.029 for post-hoc two-group comparison.
*adjusted standardised residual >|1.96|, equivalent to p-value < 0.05.
**adjusted standardised residual >|2.58|, equivalent to p-value < 0.01.
Ab, antibodies; ICU, intensive care unit; MRI, magnetic resonance imaging; CSF WBC, cerebrospinal fluid white blood cell counts.
TABLE 2 | Immunosuppressive and antiepileptic treatments applied in patients stratified according to their antibody status.

anti-NMDAR-Ab anti-LGI1/CASPR2-Ab other Ab p

1st line IST at baseline including PE/IA, n (%) 12/12 (100) 34/35 (97.1) 21/24 (87.5) 0.187
PE/IA at
baseline, n (%)

7/12 (58.3)** 3/35 (8.6)** 7/24 (29.2) 0.002

2nd line IST at baseline, n (%) 10/12 (83.3)** 8/35 (22.9) 5/24 (20.8) <0.001
AET at
baseline, n (%)

9/12 (75.0) 26/35 (74.3) 10/24 (41.7)** 0.025

1st line IST at
3 months, n (%)

6/11 (54.5) 22/28 (78.6) 11/17 (64.7) 0.296

2nd line IST at
3 months, n (%)

5/11 (45.5)* 2/28 (7.1)* 4/17 (23.5) 0.023

AET at
3 months, n (%)

5/11 (45.5) 17/28 (60.7) 6/17 (35.3) 0.241

1st line IST at
6 months, n (%)

4/10 (40.0) 15/24 (62.5) 7/12 (58.3) 0.478

2nd line IST at
6 months, n (%)

5/10 (50.0)* 2/24 (8.3)* 3/12 (25.0) 0.026

AET at
6 months, n (%)

5/10 (50.0) 15/24 (62.5) 4/12 (33.3) 0.253

1st line IST at
12 months, n (%)

3/10 (30.0) 11/23 (47.8) 5/11 (45.5) 0.627

2nd line IST at
12 months, n (%)

4/10 (40.0) 6/23 (26.1) 4/11 (36.4) 0.683

AET at
12 months, n (%)

4/10 (40.0) 15/23 (65.2)* 2/11 (18.2)* 0.032
*adjusted standardised residual >|1.96|, equivalent to p-value < 0.05.
**adjusted standardised residual >|2.58|, equivalent to p-value < 0.01.
Ab, antibodies; IST, immunosuppressive treatments; AET, antiepileptic treatments; PE, plasma exchange; IA, immunoadsorption.
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(standard of care group) to 50% (new treatment group) would
require a sample size in each group of 93 patients (Odds ratio
2.333; 0.05 two-tailed significance; 80% power). Accordingly,
studies for treatments which increase the proportion of patients
who recover to mRS <2 at 6 months from 50% to 70% would
require the same sample sizes.

Figure 2 shows longitudinal changes of median mRS scores in
these patients who have completed all follow-ups at 3, 6 and 12
months. From a median mRS of 2.5 at 3 months, patients with
anti-NMDAR-Ab (n=10) improved to a median mRS of 1.5
and 1.0 at 6 and 12 months, respectively (p<0.0001). Patients
with anti-LGI1/CASPR2-Ab (n=22) show a median mRS of
1 at 3, 6 and 12 months of follow-up (p=0.002). Patients with
other antibodies improved from a median mRS of 3.0 at
Frontiers in Immunology | www.frontiersin.org 6264
3 months to a median mRS of 1.5 at 6 months and 1.0 at 12
months (p=0.037).
DISCUSSION

This prospective observational study in patients with
autoimmune encephalitis covers state-of-the-art care in clinical
routine in newly diagnosed patients without pre-existing
disability. To our knowledge, no previous prospective studies
comparing several autoimmune encephalitides are available. Our
study with a structured follow-up shows several relevant findings.

First, our statistical evaluations demonstrate different
dynamics in the clinical course of autoimmune encephalitides.
TABLE 3 | Functional outcome at 3, 6 and 12 months of follow-up in patients at the time of data extraction for this study.

anti-NMDAR-Ab anti-LGI1/CASPR2-Ab other Ab p

mRS <2 at
3 months, n (%)

3/11 (27.3) 19/28 (67.9)** 6/17 (35.3) 0.026

mRS (median) at
3 months

3.0 1.0# 2.0# 0.013

mRS <2 at
6 months, n (%)

5/10 (50.0) 17/24 (70.8) 6/12 (50.0) 0.351

mRS (median) at
6 months

1.5 1.0 1.5 0.318

mRS <2 at
12 months, n (%)

7/10 (70.0) 16/23 (69.6) 6/11 (54.5) 0.656

mRS (median) at 12 months 1.0 1.0 1.0 0.288
May
 2021 | Volume 12 | Article 6
*adjusted standardised residual >|1.96|, equivalent to p-value < 0.05.
**adjusted standardised residual >|2.58|, equivalent to p-value < 0.01.
#p = 0.038 for post-hoc two-group comparison.
Ab, antibodies; mRS, modified Rankin scale.
A B C

FIGURE 2 | Longitudinal analysis of modified Rankin Scale (mRS) scores of patients who have completed all follow-ups at 3, 6 and 12 months: (A) anti-NMDAR-
antibodies (n=10), (B) anti-LGI1/CASPR2-antibodies (n=22), (C) other antibodies (n=8). Diamonds indicate individual patients’ scores. Horizontal lines show median
mRS scores. P-values are derived from Friedman’s test. *p < 0.0167 for post-hoc two-group comparisons (3 vs. 6 months and 3 vs. 12 months). **p < 0.0167 for
post-hoc two-group comparisons (3 vs. 6 months).
41106

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Seifert-Held et al. Functional Recovery in Autoimmune Encephalitis
Patients with anti-NMDAR-encephalitis show a much higher
median mRS at 3 months compared to patients with anti-LGI1/
CASPR2-encephalitis. The majority of anti-NMDAR-encephalitis
patients received plasma exchange/immunoadsorption
and second line immunosuppressive treatments at baseline.
However, the high proportion of patients with significant
disability at 3 months indicates the need for more efficient
treatments. 70% of patients with anti-NMDAR-encephalitis in
this study recover to mRS <2 at 12 months. This is in line with the
reported 72.6% of cases with good outcome in a previous meta-
analysis (12). A recent study in 220 anti-NMDAR-encephalitis
patients reports that 86.8% of them recover to mRS <2 at 12
months follow-up (16). Patients with anti-LGI1/CASPR2-
encephalitis show a much lower median mRS of 1 at 3 months.
The median mRS does not change at longer follow-up time points
in these patients. This may indicate that patients with anti-LGI1/
CASPR2-encephalitis do not further improve at later time points.
Alternatively, the mRS obtained at different time points during
follow-up may be insensitive to assess neurological recovery in
these patients.

Second, this prospective observational study has important
implications for treatment trials. Our data indicate that clinical
studies would require a sample size of about 200 patients to
assess treatment outcome in patients with anti-NMDAR-
encephalitis. In patients with anti-LGI1/CASPR2-encephalitis,
treatment studies should focus on specific symptoms, e.g.
seizures and cognition (7, 17), or use more distinctive clinical
scores like the Clinical Assessment Scale in Autoimmune
Encephalitis (CASE) (18).

Third, a more thorough analysis of larger cohorts of patients
with anti-GABABR-Ab, anti-GAD65-Ab and anti-GlyR-Ab is
warranted to delineate distinctive clinical and paraclinical
characteristics. In these patients, the association with cancer
interferes with long-term prognosis and limits the use of
immunosuppressive treatments (19).

Overall, our observations are limited to 12 months of follow-
up. Longer prospective follow-up periods would be desirable.
The mRS as outcome measure was used in the majority of
previous studies in autoimmune encephalitis (12). We obtained
this scale prospectively and did not include patients with pre-
existing disability. We have captured the overall majority of
patients with autoimmune encephalitis in the regions covered by
the clinical centers involved in this study, but we cannot provide
data about incidence and prevalence. Data about the efficacy of
certain treatments cannot be derived from observations in
clinical routine. In this regard, our study provides a solid basis
for planning prospective treatment trials.
Frontiers in Immunology | www.frontiersin.org 7265
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Anti-alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor (AMPAR)
encephalitis, a rare subtype of autoimmune encephalitis, was first reported by Lai et al.
The AMPAR antibodies target against extracellular epitopes of the GluA1 or GluA2
subunits of the receptor. AMPARs are expressed throughout the central nervous
system, especially in the hippocampus and other limbic regions. Anti-AMPAR
encephalitis was more common in middle-aged women and most patients had an
acute or subacute onset. Limbic encephalitis, a classic syndrome of anti-AMPAR
encephalitis, was clinically characterized by a subacute disturbance of short-term
memory loss, confusion, abnormal behavior and seizure. Magnetic resonance imaging
often showed T2/fluid-attenuated inversion-recovery hyperintensities in the bilateral
medial temporal lobe. For suspected patients, paired serum and cerebrospinal fluid
(CSF) testing with cell-based assay were recommended. CSF specimen was preferred
given its higher sensitivity. Most patients with anti-AMPAR encephalitis were complicated
with tumors, such as thymoma, small cell lung cancer, breast cancer, and ovarian cancer.
First-line treatments included high-dose steroids, intravenous immunoglobulin and
plasma exchange. Second-line treatments, including rituximab and cyclophosphamide,
can be initiated in patients who were non-reactive to first-line treatment. Most patients
with anti-AMPAR encephalitis showed a partial neurologic response to immunotherapy.

Keywords: alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor, neuronal surface antibody,
autoimmune encephalitis, limbic encephalitis, immunotherapy
INTRODUCTION

Encephalitis is an infectious or inflammatory disorder of the brain parenchyma (1). There were 5-10
per 100,000 inhabitants suffering from encephalitis every year across all age groups (2, 3). Though
classically attributed to infection, an autoimmune basis was reported with similar frequency for
encephalitis (4). Autoimmune encephalitis (AE) is the umbrella term for autoimmune disorders in
the central nervous system (CNS) characterized by the presence of autoantibodies against
intracellular or membrane antigens (5). Over the past decade, the identification of an increasing
org May 2021 | Volume 12 | Article 6528201267
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number of antibodies have aided in the identification and
characterization of AE (4). Anti-alpha-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid receptor (AMPAR)
encephalitis, a rare subtype of AE mediated by AMPAR
antibodies, was first reported by Lai et al. in 2009 (6). More
than half of the patients were characterized by limbic
encephalitis (LE), including short-term memory loss,
confusion, abnormal behavior and seizures. In recent years,
anti-AMPAR encephalitis has been increasingly reported with
atypical clinical manifestations.

We searched PubMed, Web of Science and Embase for all
articles published in English between April 2009 and November
2020, using the search terms [(AMPA OR AMPAR OR anti-
AMPA OR anti-AMPAR OR AMPAR-antibody OR AMPA
receptor OR anti-alpha-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid) AND (encephalitis OR autoimmune
encephalitis OR limbic encephalitis)]. We identified 66 cases
from 6 case series and 20 individual case reports (6–31) (Table 1
and Supplementary Figure 1). We summarized the clinical
presentations, diagnostic tests and treatments of anti-AMPAR
encephalitis, in order to raise the awareness among neurologists
(Supplementary Table 1).
ETIOLOGY AND PATHOGENESIS

Unlike anti-N-methyl-D-aspartate receptor (NMDAR)
encephalitis, only a few patients reported prodromal viral
infections (6/66). Forty patients (60.6%) had a history of tumor
Frontiers in Immunology | www.frontiersin.org 2268
or detected tumors, with thymoma being the most common (16/
40, most of them under 60 years old), followed by small cell lung
cancer (SCLC) (8/40), breast cancer (6/40) and ovarian cancer
(3/40). There were also cases reporting concomitant medullary
thyroid carcinoma, bladder carcinoma, melanoma and
Ewing’s sarcoma.

AMPARs are ionotropic receptors which belong to glutamate
receptors. AMPARs are mainly heterotetramers and are
composed of four subunits (GluA1-4) with several auxiliary
subunits (32, 33). AMPARs, together with other ionotropic
glutamate receptors, mediate the majority of excitatory
synaptic transmission (32, 34). AMPARs, especially GluA1 and
GluA2 subunits, are ubiquitously expressed throughout the
central nervous system. In particular, there is a rich expression
of GluA1/2 and GluA2/3 levels in the hippocampus and other
limbic regions (35). The majority of synaptic AMPARs are
GluA1/2 subunits and, to a less extent, GluA2/3 subunits in
hippocampus (32, 33). GluA1/2 subunits are also widely
expressed in the cerebellum, basal ganglia and cerebral cortex
(35). The AMPAR antibodies target against the extracellular
portion of cell surface proteins, i.e. the extracellular epitopes of
the GluA1 or GluA2 subunits of the receptor (36). In vitro
experimental studies indicated that AMPAR antibodies
selectively decreased the surface synaptic AMPAR clusters and
disrupted the balance between internalization and reinsertion of
AMPARs, leading to the accumulation of internalized AMPARs
(37). The AMPAR-mediated decrease in synaptic transmission
led to a compensatory decrease of inhibitory synaptic
transmission and an increase of intrinsic excitability (33, 37).
TABLE 1 | Summary of articles in the review (6–31).

Articles Country Number of cases Sex Age or age range (years)

Lai et al. (6) America 10 9/1 (F/M) 38-87
Bataller et al. (7) Spain 1 F 67
Graus et al. (8) Spain 2 2 (F) 58, 60
Wei et al. (9) China 1 F 30
Spatola et al. (10) Switzerland 1 F 33
Joubert et al. (11) France 7 4/3 (F/M) 21-92
Li et al. (12) China 1 F 47
Höftberger et al. (13) America 22 14/8 (F/M) 23-81
Elamin et al. (14) Ireland 1 F 73
Dogan Onugoren et al. (15) Germany 3 1/2 (F/M) 61-62
Quaranta et al. (16) Italy 1 F 14
Boangher et al. (17) Belgium 1 F 66
Yang et al. (18) China 1 M 40
Zhu et al. (19) China 1 F 54
Koh et al. (20) Australia 1 M 19
Omi et al. (21) Japan 1 F 34
Zhu et al. (22) China 1 M 51
Samad and Wong (23) Australia 1 F 69
Laurido-Soto et al. (24) America 2 2 (M) 18, 44
Urriola et al. (25) Australia 1 F 44
Daneshmand et al. (26) America 1 F 61
Luo et al. (27) China 1 F 50
Jia et al. (28) China 1 M 26
Wei et al. (29) China 1 F 66
Safadi et al. (30) America 1 M 30
Qiao et al. (31) China 1 M 32-month
Total patients 66 44/22 (F/M) 32-month to 92
May 2021 |
F, female; M, male.
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Synaptic and neuronal changes induced by antibodies may
contribute to the short-term memory loss and seizures in anti-
AMPAR encephalitis patients.
CLINICAL MANIFESTATIONS

Most patients (46/66) had an acute or subacute onset. The
median age of onset was 57 years old with a wide range from
32-month-old to 92-year-old. The vast majority of patients
developed the disease in adulthood (64/66) and patients aged
50 to 70 years old account for nearly 50% among adults. Anti-
AMPAR encephalitis was more common in women, with a male
to female ratio of about 1:2. The clinical manifestations of
encephalitis were varied (Table 2).

Cognitive dysfunction was the most common (54/66) clinical
manifestation of anti-AMPAR encephalitis, including short-term
memory loss (53/66), disorientation (13/66), executive dysfunction
(9/66), etc. It could progress to dementia in severe cases. Psychiatric
symptom was the second most common clinical manifestation (53/
66), among which abnormal behaviors were most frequent (28/66).
Less frequently, manifestations in order of decreasing frequency
included agitation (15/66), mood disorders (14/66) and psychosis
(11/66). There were 3 patients who developed mutism. An altered
level of consciousness was not uncommon as well (51/66).
Frontiers in Immunology | www.frontiersin.org
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Confusion could develop in most patients (45/66). Patients with
dyskinesia (25/66) could manifest as gait disturbance or ataxia,
parkinsonism and involuntary movement. Nineteen patients had
seizures during the disease course, with only 5 patients having
status epilepticus. There were various types of seizures, including
myoclonic seizures, paroxysmal feeling of tightness, etc. Speech
disorder occurred in 10 patients, mainly manifested as aphasia. In
addition, some patients may have insomnia (7/66), autonomic
dysfunction (6/66) and dysarthria (3/66).
AUXILIARY EXAMINATION

Magnetic Resonance Imaging
There were 65 patients who underwent magnetic resonance
imaging (MRI) scan, with 49 patients showing abnormalities
(Figure 1). Among them, 39 patients showed increased T2/fluid-
attenuated inversion-recovery (FLAIR) sequency signal in the
temporal lobe, and the medial temporal lobe was involved in 21
patients (Figure 2). Bilateral temporal lobe involvement was
more frequent (17 bilateral and 10 unilateral). There were also 11
patients with T2/FLAIR hyperintensity in the basal ganglia,
which mainly involved caudate, followed by corpus striatum,
putamen. In addition, insula, frontal lobe, cerebellum, parietal
lobe, cingulum and occipital lobe were also affected.
Leptomeningeal enhancement in the temporal-parietal
regions (18) and mild transient contrast enhancement in the
hippocampus (6) were reported. In the long term, hippocampal
(10, 15) or cortical (9, 25) atrophy could also be seen.

18F-fluorodeoxyglucose Positron
Emission Tomography
There were only 8 cases describing the manifestation of 18F-
fluorodeoxyglucose positron emission tomography (18FDG-
PET). Four showed increased metabolism at the onset of
disease (cerebellar, medial temporal lobe, hippocampus,
striatum, parietal lobe and occipital lobe, basal ganglia) (10, 11,
24), 2 showed normal metabolism (though 1 patient had global
hypometabolism on PET 3.5 weeks later) (8, 24), and 2 showed
decreased metabolism (caudate, frontal, temporal, occipital and
parietal areas) (9, 29). However, the regions with abnormal MRI
signals did not match perfectly with those with abnormal 18FDG-
PET metabolism, mainly because those 2 imaging modalities had
a different emphasis on metabolism and structure. The
inconsistency might be also due to the different time points
when MRI and PET examinations were conducted along the
disease course (38). Previous 18FDG-PET/MRI studies of AE
patients (mainly anti-NMDAR encephalitis) indicated a higher
sensitivity of PET than MRI in AE (39, 40). Given the limited
sample size, we were unable to determine the sensitivity of PET
and MRI for diagnosis of anti-AMPAR encephalitis.

Electroencephalogram
Among the 53 patients with reported electroencephalogram
(EEG) at disease onset, 20 had normal EEG findings. There
were 15 patients with epileptiform discharges, such as sharp
TABLE 2 | Summary of presenting symptoms.

Symptoms Total, n = 66

Cognitive impairment 81.8% (54/66
Short-term memory loss 80.3% (53/66
Disorientation 19.7% (13/66
Execution 13.6% (9/66)
Acalculia 1.5% (1/66)
Apraxia 1.5% (1/66)
Psychiatric disorder 80.3% (53/66
Abnormal behavior 42.4% (28/66
Agitation 22.7% (15/66
Mood disorders 21.2% (14/66
Psychosis 16.7% (11/66
Hallucinations 12.1% (8/66)
Delusions 6.1% (4/66)
Confabulation 4.5% (3/66)
Altered state of consciousness 77.3% (51/66
Confusion 68.2% (45/66
Somnolence 7.6% (5/66)
Coma 6.1% (4/66)
Dyskinesia 37.9% (25/66
Gait disturbance/ataxia 24.2% (16/66
Hypermyotonia 9.1% (6/66)
Tremor 6.1% (4/66)
Involuntary movement 4.5% (3/66)
Seizure 28.8% (19/66
Status epilepticus 7.6% (5/66)
Speech disorder 15.2% (10/66
Aphasia 12.1% (8/66)
Dysfluency 3.0% (2/66)
Insomnia 10.6% (7/66)
Autonomic dysfunction 9.1% (6/66)
Dysarthria 4.5% (3/66)
The non-bold values were the detailed version of the bold values.
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waves and spike waves. And in 19 patients, EEG showed
generalized or focal slowing. A few (4 cases) had epileptiform
discharges and slow waves at the same time. However, there were
2 cases with epileptiform waves but no seizures.

Blood Tests
Routine blood tests showed no obvious abnormalities.
Hyponatremia was present in 7 patients. Patients may also have
other autoimmune antibodies, such as acetylcholine receptor
antibody, thyroid peroxidase antibody and thyroglobulin
antibody, autoimmune hepatitis antibodies, anti-nuclear antibody,
cardiolipin antibodies, etc.

Cerebrospinal Fluid
Results of CSF analysis were available for 64 patients, including
white blood cells (WBC) in 63 patients and protein levels in 59
patients. More than half of patients (38 cases) had an elevatedWBC,
with a maximum of 220 cells/mL, mainly composed of lymphocytes.
CSF protein was abnormal in 27 patients, with a maximum of 425
mg/dL. Oligoclonal bands were detected in 5 patients.

Antibody Detection
The positive serum and/or CSF antibody against AMPAR could
be used as a reference for the diagnosis of this disease. Cell-based
assay (CBA) was recommended due to its high sensitivity and
specificity (2). The exact threshold of antibody level for anti-
AMPAR encephalitis diagnosis remained inconclusive. Paired
serum and CSF samples were available from 43 patients, where
36 had seropositivity and 41 had positive antibodies in the CSF
(Table 3). In general, CSF AMPAR antibody examination had a
higher sensitivity. Considering the distribution of AMPAR and
intrathecal synthesis of antibodies (6), the specificity of CSF
antibodies was relatively high. Therefore, paired testing of both
the serum and CSF samples was recommended, of which the CSF
was preferred (41). In cases with matched serum and CSF tests,
the titers of AMPAR antibody in serum were higher than that in
CSF (15, 27). Notably, patients with only a low-titer of serum
Frontiers in Immunology | www.frontiersin.org 4270
antibody should be diagnosed with caution. It had been reported
that the AMPAR antibody titer in the CSF gradually decreased
after immunosuppressive treatment, as the clinical symptoms
relieved (10). However, the association between antibody titer
and disease severity remained unknown.

Antibodies against GluA1 and GluA2 subunits, the 2 main
subunits of AMPAR, could be detected simultaneously or
separately. GluA2-specific antibodies were more commonly
reported (Table 3). There were no significant differences
among clinical presentations between the two subtypes (13).

Nineteen patients had overlapping neural antibodies. Those
patients usually had a worse prognosis. The most common
concomitant antibody was collapsin response-mediator protein-5
(CRMP5) antibody (6 cases), followed by NMDAR antibody (4
cases), glutamic acid decarboxylase (GAD) antibody (3 cases),
voltage-gated potassium channels (VGKC) antibody (3 cases), Sry-
like high mobility group box (SOX1) antibody (3 cases), gamma-
aminobutyric acid receptor (GABAR) antibody (1 case), antinuclear
neuronal antibody type 1 (Hu) antibody (1 case), leucine-rich glioma-
inactivated 1 (LGI1) antibody (1 case), amphiphysin antibody (1 case)
and voltage-gated calcium channels (VGCC) antibody (1 case).

Pathology
Unfortunately, there was still no report on the pathology of brain
tissue in anti-AMPAR encephalitis. A few cases reported pathological
findings coming from concomitant neoplasms that GluA1/2 subunits
present in patients’ tumor tissues, which correlated with the patients’
antibody specificity. This indicated that some types of tumors might
play a role in triggering this autoimmune disorder (6).
DIAGNOSIS AND DIFFERENTIAL
DIAGNOSIS

The diagnosis of anti-AMPAR encephalitis was based on the
criteria published in the Lancet by Graus et al. (2). In particular,
FIGURE 1 | The number of patients with T2/fluid-attenuated inversion-recovery hyperintensity lesions in different brain areas.
May 2021 | Volume 12 | Article 652820
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anti-AMPAR encephalitis should be considered in patients with
the following characteristics: 1) acute or subacute onset, mostly
manifested as short-term memory loss, confusion, abnormal
behavior, dyskinesia and seizure; 2) MRI may present with
unilateral or bilateral limbic lobe T2/FLAIR hyperintensity;
3) reactive to immunotherapy. In addition, for patients
suspected with anti-AMPA encephalitis, a thorough evaluation
for tumors, such as thymoma and SCLC, should be conducted.

Diseases mimicking anti-AMPAR encephalitis abound,
including infectious, neoplastic, and other immunological diseases
(Table 4) (2, 42–44). Caution is needed to identify anti-AMPAR-
encephalitis from other types of encephalitis, like anti-NMDAR
encephalitis and viral encephalitis (Table 5) (43, 45, 46).

TREATMENT AND PROGNOSIS

There was no standard management for anti-AMPAR
encephalitis. Therapies were usually chosen with reference to
Frontiers in Immunology | www.frontiersin.org 5271
other autoimmune encephalitis (47), such as anti-NMDAR
encephalitis. About 60-80% of autoimmune encephalitis with
FIGURE 2 | Magnetic resonance imaging of a patient with anti-alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor encephalitis showed T2/fluid-
attenuated inversion-recovery sequency hyperintensity in left temporal lobe, bilateral hippocampus, frontal lobes, insula (A, C) with restricted diffusion on diffusion
weight imaging at the corresponding region (B, D).
TABLE 3 | Summary of antibodies.

Sample types Total, n = 64/66

Serum+/CSF NA 12.5% (8/64)
Serum NA/CSF + 20.3% (13/64)
Serum+/CSF + 79.1% (34/43*)
Serum -/CSF + 16.3% (7/43*)
Serum+/CSF - 4.7% (2/43*)
GluA1 only 18.8% (9/48#)
GluA2 only 58.3% (28/48#)
GluA1/2 22.9% (11/48#)
May 2021 | Volume 12
Two patients had antibodies with unknown origin (serum or CSF).
*Paired samples were available from 43 patients.
#There were 48 cases describing exact subunits of alpha-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid receptor, in which antibodies targeting GluA2 subunit were more
common among the reported cases.
CSF, cerebrospinal fluid; NA, not available.
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antibodies against neuronal surface antigens responded well to
immunotherapy (48, 49). Similar to other neuronal surface
autoantibody-mediated encephalitis, immunotherapy was
recommended as early as possible after diagnosis (2, 50, 51).

First-line treatments included high-dose corticosteroids
(methylprednisolone 1000 mg intravenously for 3 to 5 days),
intravenous immunoglobulin (0.4 g/kg/day for 5 days) and
plasma exchange. High-dose corticosteroids subsequently were
followed by a tapering schedule. However, the optimal duration
of steroid treatment remains inconclusive. There were 17
patients starting second-line treatment after first-line drugs.
Timely initiation of second-line treatment was critical for
patients non-reactive to first-line treatment. The exact timing
Frontiers in Immunology | www.frontiersin.org 6272
of initiation of second-line therapy was unknown and may
depend on the patients’ acceptance to side effects of first-line
treatments, drug availability and neurologist’s preference. Major
second-line drugs included rituximab and cyclophosphamide.
Due to the small number of cases, the impact of second-line
prevention on prognosis remained unclear. It was reported that
patients who received second-line treatments during the first
episode had a lower relapse rate and death rate than those who
did not receive second-line immunotherapies (13, 48). Eight
patients received long-term treatment in the remission period to
prevent recurrence. Long-term treatment included azathioprine
and mycophenolate mofetil. However, whether long-term
treatment was needed for relapse prevention were still unclear.
TABLE 4 | Differential diagnosis of anti-AMPAR encephalitis (2, 42–44).

Infectious Encephalitis caused by various pathogens (e.g. Virus, bacterium, spirochetes, fungus, tuberculosis bacterium, etc.), Creutzfeldt-Jakob disease,
Whipple disease

Neurodegenerative Alzheimer disease, frontotemporal dementia, Lewy body dementia, vascular cognitive impairment
Neoplastic Primary or secondary central nervous system lymphoma, lymphomatoid granulomatosis, diffuse glioma
Endocrine Hashimoto encephalopathy
Hereditary Mitochondrial encephalopathy
Toxic Substance abuse, carbon monoxide, Wernicke encephalopathy, neuroleptic malignant syndrome
Vascular Primary central nervous system vasculitis, Behcet disease, Susac syndrome (autoimmune vasculopathy)
Demyelinating Multiple sclerosis, neuromyelitis optic spectrum disease, acute disseminated encephalomyelitis, myelin oligodendrocyte glycoprotein antibody-

associated disease, autoimmune glial fibrillary acidic protein astrocytopathy
Inflammatory Neurosarcoidosis, Sjogren’s syndrome, systemic lupus erythematosus
Psychiatric Schizophrenia, bipolar disorder, conversion disorder
AMPAR, alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor.
TABLE 5 | General features distinguishing anti-AMPAR encephalitis from important differential diagnoses (43, 45, 46).

Anti-AMPAR encephalitis Anti-NMDAR encephalitis Viral encephalitis

Age and
gender

Middle-aged woman Especially in girls/young women and children Onset at any age, no obvious gender difference

Form of
onset

Acute or subacute onset, almost no history of
pre-infection

Acute or subacute onset, may have a history
of pre-infection, such as nausea, vomiting,
fever, headache and fatigue, etc.

Most of them are acute onset, the average incubation
period of primary infection was 6 days, which can
manifest as fever, general malaise, headache,
gastrointestinal symptoms, rash, etc.

Main
Presenting
Symptoms

Short-term memory loss, psychiatric disorder and
confusion

Psychosis, language dysfunction, autonomic
instability, epileptic seizures and abnormal
movements

Psychosis, impaired consciousness, confusion,
aphasia, hallucinations, and movement disorder

MRI 24.6% normal, with T2/FLAIR hyperintensity in
temporal lobe, basal ganglia insular lobe and
other brain areas, mostly bilateral involvement,
with brain atrophy in later stage

67% normal or nonspecific changes T2/FLAIR hyperintensity in the medial temporal lobe,
orbital frontal lobe, insular cortex and cingulate gyrus,
focal edema, bilateral asymmetry

CSF More than half of patients had pleocytosis.
45.8% patients had elevated protein. OB can be
detected.

About 20% of patients had normal CSF. Some
patients may have mildly elevated CSF cells
and proteins. OB can be detected.

White blood cells can be normal or slightly elevated,
more in 50-100, lymphocytes increased mainly.
Protein can be normal or slightly or moderately
elevated.

EEG 37.7% patients had normal EEG. 28.3% patients’
EEG may have epileptiform discharges. 35.8%
patients’ EEG had general or focal slowing
waves.

Patients’ EEG may show delta slowing,
dysrhythmias, partial epileptic activity/beta-
delta complexes, and also had special
manifestations of “extreme delta brush”

Diffuse high amplitude slow waves were common in
EEG, especially in unilateral or bilateral temporal and
frontal regions. There can even be sharp waves and
spikes in the temporal region.

Treatment Immunotherapy, treatment of tumor and
symptomatic treatment

Immunotherapy, treatment of tumor and
symptomatic treatment

Antiviral therapy, immunotherapy and symptomatic
treatment

Prognosis Half of the patients left mild cognitive impairment,
mental disorders.

Most of the cases can be fully recovered.
Some patients recover slowly or incompletely.
A small number of patients left mental or
movement disorders.

Most patients can be cured after early antiviral
treatment. About 10% of patients had sequelae such
as paralysis and cognitive impairment.
AMPAR, alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor; CSF, cerebrospinal fluid; EEG, electroencephalogram; FLAIR, fluid-attenuated inversion-recovery
sequency; MRI, magnetic resonance imaging; NMDAR, N-methyl-D-aspartate receptor; OB, oligoclonal band.
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In addition, symptomatic treatments were needed for mental
disorders and seizures associated with anti-AMPAR-
encephalitis. The effect of symptomatic treatment alone may be
limited, and combined immunotherapy is usually required.

There were no significant differences in prognosis between
patients with and without tumors in anti-AMPAR-encephalitis
(13). Nevertheless, early treatment of tumors was important for a
good prognosis (52). In 40 patients with concomitant tumors, 27
cases were treated for the neoplasms, such as tumor resection,
chemotherapy and radiotherapy. Tumor screening should be
conducted regularly for at least 2 years for anti-AMPAR
encephalitis patients, even after resolution of neurological
deficit (49, 53).

Most anti-AMPAR encephalitis patients were responsive to
immunotherapy. However, 18.5% patients (12/65, prognosis of 1
patient was not available) had a poor response. There were 30.8%
patients (20/65) who returned to baseline. 50.8% patients (33/65)
with anti-AMPAR encephalitis left some sequelae such as
cognitive impairment and mental disorder (Figure 3). Previous
study reported that the relapse rate was about 23.8% (48), which
was higher in those who did not receive aggressive therapy
(chemotherapy or rituximab) (13). The relapses of encephalitis
did not mean the recurrence of tumors (6). Death rate was 16.7%
(11/66), which was mostly related to the progression of the
primary tumor. In a few cases, the causes of death were status
epilepticus, cardiorespiratory arrest, myocardial infarction and
urinary sepsis (6, 11).
CONCLUSION

Anti-AMPAR encephalitis is an autoimmune disease of the
central nervous system. Given the small number of reported
Frontiers in Immunology | www.frontiersin.org 7273
cases, our understanding of anti-AMPAR encephalitis is still
limited. Consensus was not reached regarding its diagnosis and
standard management strategies. For patients with cognitive-
psychiatric disorders with an acute or subacute onset, anti-
AMPAR encephalitis should be considered. Serum and CSF
AMPAR antibody should be tested as soon as possible for
further confirmation. Timely immunotherapy should also be
initiated upon diagnosis. An extensive screening for tumors,
especially thymoma and lung cancer, is warranted in
such patients.
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Objective: This study aimed to investigate epidemiological characteristics, clinical

manifestations, and long-term outcomes of patients with autoimmune encephalitis (AE)

in the east of China.

Methods: From January 2015 to December 2019, 226 potential AE patients were

recruited from five clinical centers, and a total of 185 patients who met the diagnostic

criteria were included in the study. We retrospectively reviewed clinical features, auxiliary

examinations, details of treatments, and outcomes of AE, and identified risk factors

of poor prognosis. Modified Rankin Scale scores were used to evaluate neurological

function, and scores of 3–6 indicated a poor-prognosis.

Results: Patients with five main subtypes of AE were enrolled in the study, as follows:

anti-NMDAR (79), anti-LGI1 (55), anti-CASPR2 (30), anti-GABABR (16), and anti-AMPAR

(5). Among 185 patients, 58.38% (108/185) were male and 41.62% (77/185) were

female. The median age at disease onset was 41 years (interquartile range, 17–62).

The most common clinical manifestations of AE were seizures (146, 78.92%) and

memory deficit (123, 66.49%). A total of 95 (51.35%) patients had abnormal brain

magnetic resonance imaging results. Electroencephalographic findings were abnormal

in 131 (70.81%) patients, and 168 (90.81%) and 26 (14.05%) patients were treated

with first- and second-line immunotherapies, respectively. All surviving patients were

followed-up for at least 1 year (range 12–36 months). Good clinical outcomes were

achieved in 117 (63.24%), while 68 (36.76%) patients had a poor prognosis. Further,

33 (17.84%) patients relapsed and 10 (5.41%) died within 1 year post-discharge. Older

patients tended to have a poorer prognosis, and the occurrence of mental behavioral

disorders, movement disorders, disturbance of consciousness, central hypoventilation,

and tumors were overrepresented in the poor-prognosis group.

Conclusions: AE is a treatable disease, andmost patients have a good prognosis. There

are differences in the clinical manifestations of patients with different AE subtypes. Some

with AE will relapse, and long-term follow-up is of great significance for further research.

Keywords: autoimmune encephalitis, epidemiology, clinical features, prognosis, relapse
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INTRODUCTION

Autoimmune encephalitis (AE) is a class of severe brain
inflammatory diseases that are mediated by autoimmune
mechanisms, mostly with acute or subacute seizures,
cognitive impairment and mental symptoms as main clinical
manifestations. The AE class accounts for about 10–20% of
encephalitis cases (1). AE is thought to be associated with
antibodies to neuronal cell-surface proteins such as N-methyl-
D-aspartate receptor (NMDAR), leucine-rich glioma-inactivated
1 (LGI1), contactin-associated protein-like 2 (CASPR2), gamma-
aminobutyric-acid B receptor (GABABR), etc. Some differences
have been observed with regard to the clinical manifestations and
prognosis of patients with different subtypes of AE (2, 3). Most
AE patients respond well to immunotherapy. However, some
types of encephalitis have a poor prognosis, and often produce
symptoms such as intractable seizures and cognitive dysfunction.

In the past 10 years, with the advancement of diagnostic
technology, the antibody spectrum of AE has continued to
expand, and research on its diagnosis and treatment has also
continued to progress (4–6). Disease incidence, clinical features
of disease, and strategies used to treat AE patients in different
countries and regions differ. In China, a consensus opinion for
improving the identification and management of AE patient was
proposed 2017 (4). Due to the low incidence of AE, especially
rare LGI1, GABAR, and anti-a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid receptor (AMPAR) encephalitis classes,
clinical studies with large sample sizes are rare, both in China
and abroad (7–9). At present, the efficacy of immunotherapy
and factors associated with a poor patient prognosis have not
been determined. In addition, existing criteria for AE rely
on antibody testing to some extent, therefore, delays in the
diagnosis of patients, and failure to diagnose antibody-negative
patients may occur. According to previous studies, early use
of immunotherapy is closely related to AE prognosis (10, 11).
Therefore, research on the clinical characteristics of AE, and
the diagnosis and prognostic factors of the disease using a large
sample size that includes multiple AE subtypes is important.

To improve our understanding of different subtypes of AE and
to provide knowledge that may improve its clinical diagnosis and
treatment, we performed a retrospective analysis of the clinical
characteristics, treatment, outcomes, and prognostic factors of
185 AE patients treated in multiple clinical centers in China.

METHODS

Study Design and Population
This retrospective study included patients who were serum-
and/or cerebrospinal fluid (CSF)-positive for neuron surface
antibodies who were diagnosed with AE according to published
diagnostic criteria between January 2015 and December
2019. Patients were recruited from the following 5 clinical
centers: Qilu Hospital, Cheeloo College of Medicine, Shandong
University; The First Affiliated Hospital of Shandong First
Medical University; Shandong Provincial Hospital, affiliated with
Shandong University; Affiliated Hospital of Binzhou Medical
College; and Liao Cheng People’s Hospital.

The inclusion criteria were as follows: (1) acute or subacute
onset of 1 or more clinical manifestations of AE, including
seizures, memory deficit, psychosis, and speech disturbance
related to the limbic system; (2) testing serum- and/or CSF-
positive for neuron surface antibodies; and (3) reasonable
exclusion of other disorders. The exclusion criteria included
incomplete clinical data and negative serum and CSF antibody
tests. This study was conducted in accordance with the
Declaration of Helsinki and was approved by the Ethics
Committee of Qilu Hospital of Shandong University (approval
number: KYLL-202008-044). Written informed consent was
obtained from all study participants and their legal guardians.

Data Collection
Clinical data, results of cerebrospinal fluid (CSF) and serum
analyses, electroencephalographic (EEG) and brain magnetic
resonance imaging (MRI) findings, details of treatments, and
patient prognosis were recorded. Serum and CSF samples from
all 5 medical centers were sent to the same testing center
for evaluation. Autoantibodies to NMDAR, LGI1, CASPR2,
GABABR, AMPA1, AMPA2 were assessed for all 226 patients
via an indirect immunofluorescence protocol that was performed
in accordance with the manufacturer’s instructions (Euroimmun,
Germany). A cell-based assay with high specificity and sensitivity
was used to analyze CSF and serum samples from each patient.
The initial dilution titers of CSF and serum were 1:1 and
1:10, respectively. Serum antibody titers were considered weakly
positive at 1:10, positive at 1:32–1:100, and strongly positive
at 1:320. The titers of CSF antibodies were considered weakly
positive at 1:1, positive at 1:3.2–1:10, and strongly positive at 1:32
or above.

Assessment of AE Prognosis
All patients were followed up after being discharged from the
hospital to assess AE prognosis. During the follow-up, two
experienced doctors used modified Rankin Scale (mRS) scores
to assess effects of treatments and clinical outcomes. According
to the mRS score at discharge, the patients were divided into
two groups, as follows: patients with a mRS score ≤ 2 were
placed in the “good-prognosis” group; and patients with a mRS
score > 2 were placed in the “poor-prognosis” group. Patients
were followed-up every 3 months throughout the 1st year post-
discharge, and every 6 months thereafter. All patients were
followed up for at least 1 year.

Statistical Analysis
Statistical analyses were performed using SPSS IBM 25.0
and GraphPad Prism 8.0 software. Categorical variables were
described as percentages; continuous variables distributed
normally were presented as means and standard deviations.
Non-normal data were presented as a median and interquartile
range (IQR). The Student’s t-test was used to compare
the mRS scores before and after treatment. Symptoms and
demographic data were analyzed using the χ

2 test or Fisher
exact test for categorical variables, and the Mann-Whitney
U-test for continuous variables. Values of p < 0.05 were
considered significant.
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RESULTS

Baseline Demographic Trends Associated

With Disease Incidence
From January 2015 to December 2019, 226 potential AE patients
were recruited for inclusion in the study. After exclusion criteria
were applied, a total of 185 patients with AE remained, including
79 patients with anti-NMDAR encephalitis, 55 with anti-LGI1
encephalitis, 30 with anti-CASPR2 encephalitis, 16 with anti-
GABABR encephalitis, and 5 with anti-AMPAR encephalitis. In
Figure 1, a flowchart that describes patient selection is shown.
In the study, the annual number of confirmed cases trended
upward (Figure 2A). Among the 185 patients included in the
study, 58.38% (108/185) were male and 41.62% (77/185) were
female. The median age of AE onset of included patients was 41
years (IQR, 17–62). It is worth noting that peak frequencies of AE
onset tended to occur at ages 11–20 and 61–70 (Figure 2B).

All patients showed acute or subacute onset of disease,
and 47 (25.41%) patients exhibited prodromal symptoms such
as headache, fever, or other symptoms of non-specific upper
respiratory tract infection. The average time from symptom
onset until diagnosis was 6.9 (IQR, 3.5–27) weeks. In most
patients, initial symptoms included seizures (48.64%), memory
deficit (22.70%), and mental behavioral disorders (19.46%). The
remaining 9.19% of patients experienced sleep, speech, and
movement disorders, and autonomic symptoms at disease onset
(Table 1).

Clinical Characteristics of AE
The most common clinical manifestations of AE were seizures
(146, 78.92%), memory deficit (123, 66.49%) and mental
behavioral disorders (10, 59.46%). Table 1 describes the clinical
characteristics of the 185 patients included in the study in detail.
Among these patients, 20 (10.81%) also had tumors. Patients with
anti-NMDAR encephalitis have a higher incidence of ovarian
teratoma than other AE class, and common tumor types in
patients with anti-GABAR encephalitis are small cell lung cancer
and mediastinal. In all 55 patients with anti-LGI1 encephalitis,
no tumors were observed. During the course of the disease, 17
(9.19%) patients had central hypoventilation, and 13 (7.03%)
were treated in an intensive care unit due to respiratory failure
and status epilepticus (SE).

Auxiliary Examinations
Brain MRI, EEG, and CSF and serum antibody findings of
185 patients are described in the study (Table 2). A total of
95 (51.35%) patients had abnormal brain MRI results. The
main lesions observed occurred in the temporal (61, 32.97%),
and frontal (12, 6.48%) lobes. Other abnormal brain MRI
findings revealed lesions located in the hippocampus, basal
ganglia, occipital lobes, insular lobes, cerebellum, cortex, and
white matter. Two patients underwent brain positron emission
tomography examinations while in the acute phase of disease: 1
patient had hypermetabolism within the bilateral temporal lobe,
and the other patient experienced bilateral hypermetabolism

FIGURE 1 | The flowchart of patient selection. mRS, Modified Rankin Scale (mRS).
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FIGURE 2 | (A) Trends in the numbers of annual diagnosed cases of

autoimmune encephalitis. (B) Distribution of gender and age of patients with

autoimmune encephalitis.

of the basal ganglia and temporal lobe. EEG findings of
131 (70.81%) patients were abnormal, with 84 (45.41%) cases
involving unilateral or bilateral non-specific slow waves, and 47
(25.41%) cases of epileptiform discharges (such as sharp waves,
spike waves, sharp slow wave complexes, or spike slow wave
complexes). Typical imaging findings of patients included in
the study are shown in Figure 3. CSF findings revealed that 57
(42%) patients had elevated total protein concentrations, and 19
(10.27%) cases were positive for oligoclonal bands. Serum and
CSF antibody titers of the 185 included patients ranged from 1:10
to 1:320, and 1:1 to 1:300, respectively. Of all patients considered,
143 patients were serum and CSF positive for AE antibodies, 18
were exclusively CSF positive for AE antibodies, and 31 were
exclusively serum positive for AE antibodies. Details of serum
and CSF antibody tests are shown in Table 3. Serum analysis
showed that 55 (29.73%) patients had hyponatremia and 34
(18.38%) had hypokalemia. Among the 185 patients considered,
63 (34.05%) displayed abnormal thyroid function.

Treatments and Outcomes
Overall, 168 (90.81%) patients received first-line
immunotherapy, and 128 patients (69.17%) received a combined
regimen of repeated steroid and intravenous immunoglobulin
(IVIG) administration. A total of 161 (87.03%) patients
received steroids, of whom 109 (58.92%) received high-dose
methylprednisolone intravenous drip treatment (with an
initial dose of 1,000 or 500mg methylprednisolone). IVIG was

TABLE 1 | Clinical features of patients (n = 185).

Characteristics Values

Sex, male/female 108/77

Age at onset, y, median, IQR 41 (17–62)

Time from symptom onset until diagnosis,

week, median, IQR

6.9 (3.5–27)

Prodromal symptoms, n (%) 47 (25.41)

Initial symptoms, n (%)

Seizures 90 (48.64)

Memory deficit 42 (22.70)

Mental behavioral disorders 36 (19.46)

Others 17 (9.19)

Clinical syndrome, n (%)

Seizures 146 (78.92)

Memory deficit 123 (66.49)

Mental behavioral disorders 110 (59.46)

Disturbance of consciousness 69 (37.30)

Sleep disorder 67 (36.22)

Speech disorders 64 (34.59)

Movement disorder 58 (31.35)

Headache 24 (12.97)

Autonomic dysfunction 29 (15.68)

Fever 28 (15.14)

Involuntary movements 27 (14.60)

Complicated with tumors 20 (10.81)

Central hypoventilation 17 (9.19)

Admission to ICU 13 (7.03)

Treatment

First-line immunotherapy, n (%) 168 (90.81)

Second-line immunotherapy, n (%) 26 (14.05)

Prognosis

Good-prognosis 117 (63.24)

Poor-prognosis 68 (36.76)

Relapse 33 (17.84)

Mortality 10 (5.41)

administered to 135 (72.98%) patients, and seven were treated
with IVIG alone. Most patients responded well to first-line
immunotherapy, and mRS scores after immunotherapy were
significantly lower those determined at disease onset (Figure 4).
Second-line immunotherapy (26, 14.05%) was administered
to a small proportion of the patients considered, usually due
to its cost, or concerns regarding its side effects. Second-line
immunotherapy drugs used included rituximab, mycophenolate
mofetil, cyclophosphamide and azathioprine. These therapies
were used to treat patients who experienced severe or refractory
acute phase disease, or those who had relapsed. In our cohort,
33 (17.84%) patients experienced disease relapse, and 10 (5.41%)
patients died of severe lung infections, SE, tumors and other
serious complications within 1 year after discharge.

All surviving patients were followed-up for at least a year
post-discharge (range 12–57 months). At the 12-month follow-
up assessment, 117 (63.24%) patients had attained satisfactory
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TABLE 2 | Summary of the main ancillary tests results (n = 185).

Brain MRI n (%)

Total with abnormal findings 95 (51.35)

Temporal lobe 61 (32.97)

Frontal lobe 12 (6.48)

Basal ganglia 9 (4.86)

Others 13 (7.03)

EEG

Total with abnormal findings 131 (70.81)

Epileptic discharges 47 (25.41)

Slow waves 84(45.41)

CSF analysis Median (range) n (%)

Opening pressure (mm H2O) 150 (80–300)

WBC (× 106/L) 16.0 (1.0–92.0)

Protein (g/L) 0.65 (0.06–1.16)

Glucose (mmol/L) 4.58 (3.02–6.50)

Chloride (mmol/L) 127 (105–134)

Positive oligoclonal bands 19 (10.27)

Serum analysis

Hyponatremia 55 (29.73)

hypokalemia 34 (18.38)

Abnormal thyroid function 63 (34.05)

clinical outcomes (good prognosis), while clinical outcomes for
68 (36.76%) patients were poor (poor prognosis). The median
mRS score at the last follow-up was 2 (IQR 1–3), which was
significantly lower than the score of 4 (IQR 3–4) determined
at disease onset (p < 0.0001). Univariate analysis indicated
that there were significant differences between the good- and
poor-prognosis groups with regard to clinical manifestation and
auxiliary examination values. Table 4 summarizes comparisons
that were made between groups of patients with good and poor
clinical outcomes. The ages of included patients at AE onset
ranged from 1 to 77 years, with a median age of 41 years
(IQR, 17–62). There was a significant difference between the
mean age at AE onset of good- and poor-prognosis groups (p =

0.043). Notably, rates of mental behavioral disorders, movement
disorder, disturbance of consciousness, central hypoventilation,
and tumor occurrence of the poor-prognosis group were
elevated relative to the good-prognosis group. In addition, the
proportions of CSF positive-oligoclonal bands, hyponatremia
and brain MRI abnormal signals were significantly higher in the
poor-prognosis group than in good-prognosis group. Steroids
and IVIG combined immunotherapy tended to result in better
prognoses than other therapies (p= 0.011) (Table 4).

Relapse
In patients with AE who experienced clinical symptom
improvement or stabilization for more than 2 months, the
reappearance of symptoms, or aggravation of original symptoms
(increased mRS score of 1 point or more) indicated the
occurrence of relapse. During the follow-up period, 33
(17.84%) patients experienced a relapse, 19 with anti-NMDAR

encephalitis, 7 with anti-LGI1 encephalitis, 3 with anti-CASPR2
encephalitis, 3 with anti-GABABR encephalitis, and 1 with anti-
AMPAR encephalitis. The average time to relapse was 5.2 months
(IQR, 4.6–10.7), and 27 of the 33 patients who experienced
relapse did so within the 1st year of follow-up. Of all 33 patients
who experienced relapse, 25 had abnormal brain MRI signals at
disease onset, and the remaining 8 AE patients had no obvious
brain MRI abnormalities initially or during disease recurrence.

DISCUSSION

In recent years, the incidence of AE has been increasing.
However, the etiology and pathogenesis of AE remains unclear
(12–14). Given that AE is a serious but treatable disease,
the ability to perform a timely and accurate assessment of
disease prognosis is important for providing appropriate therapy
and improving clinical outcomes of AE. In this study, we
retrospectively analyzed clinical characteristics, treatments, and
clinical outcomes of 185 Chinese patients with AE from five
clinical centers. Moreover, we preliminarily evaluated factors
which are associated with a poor patient prognosis.

In this study, 108 (58.38%) male patients with AE were
assessed, and the incidence rate of disease in males was higher
than that of females. Anti-NMDA encephalitis was the most
commonly observed AE type, followed by LGI1 encephalitis. The
gender distribution and the proportion of AE subtypes tended
to be consistent with those of previous reports (1, 15). In this
study, the incidence of disease onset peaked in patients aged 11–
20 and 61–70 years, a finding that differed from prior reports,
which showed that peak incidence of disease onset occurred in
young and middle aged patients (3, 14). The difference observed
may be due to regional differences, including differing occurrence
rates of AE subtypes in patient populations considered. This
also suggests that differing age distributions of AE onset may
occur in patients with different AE subtypes. The possibility of
AE should be considered when elderly patients have acute or
subacute mental disorders, sleep disorders and seizures.

In recent years, the diagnosis and treatment of AE have
been increasingly studied, but the etiology and pathogenesis of
AE have not yet been elucidated (5). Current research suggests
that infections, tumors, etc. may be the cause of AE (16). In
particular, infection is considered an important trigger of AE.
AE development after infection with herpes simplex virus (HSV),
cytomegalovirus, and rubella virus has been reported previously.
Neuronal antibodies are frequently detected in patients with
post-HSV encephalitis (HSE) autoimmune encephalitis (17, 18).
Studies suggest up to 27% of post-HSE patients subsequently
develop AE, and antibodies to the NMDAR are the most
prevalent in these patients (9). In our cohort, 47 (25.41%) patients
had infection symptoms, and 21 patients had herpes simplex
virus IgG or/and cytomegalovirus IgG (data not shown). Similar
to previous reports, infection symptoms were most common in
patients with anti-NMDAR AE. Taken together, these findings
support prior evidence indicating that AE may be induced by
infection, and also provides ideas for further exploring the
pathogenesis of AE.
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FIGURE 3 | Brain MRI and positron emission tomography (PET) scans of patients with autoimmune encephalitis. Brain MRI T2-flair images (A–D). Bilateral high signal

in the temporal lobe (A,B,D). Bilateral abnormal signals in the medial temporal lobe and occipital lobe (C). PET images show temporal cortex (more significant on the

right) (E) and bilateral hypermetabolism in the basal ganglia (F).

TABLE 3 | Details of antibody titers in the CSF and serum of antibody-positive

patients.

Negative Weakly positive Positive Strongly positive

NMDAR Serum 20 21 26 4

CSF 8 46 25 2

LGI1 Serum 3 4 41 1

CSF 7 24 5 1

CASPR2 Serum 8 9 11 1

CSF 6 7 2 1

GABAR Serum 0 6 6 4

CSF 2 6 6 0

AMPAR Serum 0 1 4 0

CSF 1 2 2 0

Seizures, memory deficit, and mental behavioral disorders
were the main clinical manifestations of AE in patients
included in our cohort. Among these, the prevalence of seizures
in anti-GABABR antibody encephalitis was 100%. In these
patients, the effect of treatment with anti-epileptic drugs was
not good, and we observed that immunotherapy must be

provided in a timely manner, which is consistent previously
reported findings (14, 19, 20). Most patients included in
this study responded well to immunotherapy, and findings

suggested that patients treated with steroids in combination
with immunoglobulin tended to have a good prognosis. A small

number of patients received second-line treatment, including

those with unsatisfactory or relapsed after receiving first-line

immunotherapy. Previous studies have suggested that the onset
of anti-NMDAR encephalitis is closely related to B cell immunity,
and the therapeutic mechanism of rituximab depends on the
depletion of B cells (21, 22). However, only sporadic case reports
support these findings, and no large-scale studies have been
conducted. Therefore, the efficacy of second-line drugs such
as rituximab requires further clinical verification. For patients
whose first-line drug treatment is not effective, second-line drugs
are options.

At present, the diagnosis of AE mainly relies on observing

clinical manifestations and detecting neuronal antibodies (2, 23,

24). In the initial 226 patients with suspected AE who recruited
according to diagnostic criteria, 24 patients were negative for
serum and CSF neuron surface antibodies, and 186 patients were
serum and/or CSF positive for the antibodies. This suggests that
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reliance on antibody testing for diagnosing AE may cause AE
patients who are antibody-negative to be overlooked. Therefore,
it is of great significance to explore alternatives for performing
early-stage diagnosis of AE. In 2016, Graus et al. published
diagnostic criteria for autoimmune limbic encephalitis in Lancet

FIGURE 4 | Modified Rankin Scale (mRS) at onset and follow-up. (A) mRS at

onset; (B) mRS at discharge; (C) mRS at 12-months follow-up. **P < 0.01,

***P < 0.001.

Neurology, which did not rely on the detection of antibodies
(23). This diagnostic standard is widely used abroad. Although
it simplifies diagnostic steps, it can improve the efficiency of early
AE diagnosis to a certain extent. However, clinical manifestations
of AE differ in patients form different countries and regions,
as well as in patients with AE subtypes. The applicability of
this diagnostic criterion in Chinese patients is not yet known,
and large studies are needed to verify results. The relationships
between antibody titers, disease severity and prognosis have not
yet been clarified. Previous studies suggested that the correlation
between antibody titers and prognosis is not obvious. Studies
performed in other countries revealed that serum NMDAR
antibodies can exist in a variety of diseases, such as stroke,
Parkinson’s disease, and others (25–27). Antibody testing patients
diagnosed with AE according to the diagnostic criteria of Graus
et al. in 2016 may be negative (23). In our cohort, there
was no significant difference observed regarding antibody titer
between good- and poor-prognosis groups. Further, in some
patients, positive antibodies in serum or CSFwere detectable after
patients were in remission 6months (data not shown). Therefore,
the antibody test results should be considered rationally. The
relationship between AE antibody titer and disease severity
should be dynamically reviewed in a study that includes a large
number of patients.

In this study, we analyzed factors that were related
to poor AE prognosis, which revealed that older patients
tended to have a poor prognosis, and is consistent with

TABLE 4 | Results from the univariate analysis of clinical data of two groups.

Variable Good-prognosis (n = 117) Poor-prognosis (n = 68) Statistical value p

Age (y) 23 (14–32) 29 (21–37) −2.17 0.043†

Clinical symptoms (n, %)

Seizures 93 (75.0%) 53 (86.9%) 3.472 0.054

Mental behavioral disorders 59 (47.6%) 51 (83.6%) 22.096 0.012*

Memory deficit 78 (62.9%) 45 (73.8%) 2.167 0.095

Movement disorder 27 (21.8%) 31 (50.8%) 16.027 0.037*

Disturbance of consciousness 30 (24.2%) 39 (63.9%) 27.612 <0.001*

Central hypoventilation 5 (4.0%) 12 (19.7%) 11.985 0.001*

Complicated with tumors 4 (3.2%) 16 (26.2%) 22.439 <0.001*

Admission to ICU 3 (2.4%) 10 (16.4%) 12.221 <0.001*

CSF analysis

Increased level of protein 37 (29.8%) 20 (32.8%) 0.167 0.736

Positive oligoclonal bands 6 (4.8%) 13 (21.3%) 12.039 0.001*

Serum analysis

Hyponatremia 48 (38.7%) 7 (11.5%) 14.516 0.001*

Abnormal thyroid function 43 (34.7%) 20 (32.8%) 0.065 0.870

Abnormal brain MRI signal 55 (44.4%) 40 (65.6%) 7.369 0.008*

Abnormal EEG findings 90 (72.6%) 41 (67.2%) 0.570 0.592

Immunotherapy (n, %)

Steroids 27 (21.8%) 6 (9.8%) 3.976 0.065

IVIG 4 (3.2%) 3 (4.9%) 0.322 0.686

Steroids + IVIG 78 (62.9%) 50 (82.0%) 6.971 0.011*

Second-line treatment 14 (11.3%) 12 (19.7%) 2.378 0.176

†
Z-value in the Mann-Whitney U-test; *χ2, *p-value in Fisher’s exact test.
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previous research. In addition, we found that patients with
mental behavioral disorders, movement disorder, disturbance
of consciousness, central hypoventilation, and those with
tumors were overrepresented in the poor-prognosis vs. good-
prognosis group. This provides a basis for us to evaluate
early-stage AE prognosis. In particular, it should be noted
that 13 (7.03%) patients with impaired consciousness and
central hypoventilation were admitted to the ICU due to SE
or respiratory failure. This suggests that attention should be
paid to the poor prognosis of such patients. Previous studies
of prognostic risk factors of AE reported similar findings (28).
Mo et al. revealed that age, disturbance of consciousness, and
≥ 50% slow waves on EEG were independent risk factors of a
poor AE prognosis (29). In addition, the proportion of abnormal
brain MRI signals in the poor-prognosis group was significantly
higher than that of the good-prognosis group, which was
consistent with prior studies. Findings of Qiu et al. suggested that
low serum albumin, consciousness disorders, epileptic seizures,
central hypoventilation, and pulmonary infection complications
were associated with a poor AE prognosis (30). It should be noted
that of all 185 AE patients included in the study cohort, only
95 (51.35%) patients had abnormal brain MRI signals. Patients
with clinical symptoms consistent with the diagnosis of AE may
not display abnormal brain MRI signals. This study preliminarily
assessed prognostic factors of AE. Due to the limited sample size,
construction of a prognostic evaluation model was not possible.
Additional limitationsmay include the retrospective nature of the
study which may allow for selection bias. Therefore, the size of
the cohort will be expanded in future studies.

CONCLUSION

In summary, clinical characteristics, treatment, clinical
outcomes, and prognostic factors in AE were assessed. We
found that advanced age, and the presence of mental behavioral
disorders, movement disorder, disturbance of consciousness,
central hypoventilation, and tumors increased the likelihood
having a poor AE prognosis. Moreover, use of steroids and IVIG
combined immunotherapy tended to improve the prognosis of

AE patients. Due to the limited number of participants included

in the study, more diagnostic factors will likely be identified.
Further exploration of prognostic factors and validation of study
findings may be accomplished in the future by conducting a
prospective, large-scale, randomized, controlled trial.
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Background: Optic neuritis (ON) is an important clinical manifestation of neuromyelitis

optic spectrum disease (NMOSD). Myelin oligodendrocyte glycoprotein (MOG)

antibody-related and aquaporin 4 (AQP4) antibody-related ON show different disease

patterns. The aim of this study was to explore the differences in structure and function

of the visual pathway in patients with ON associated with MOG and AQP4 antibodies.

Methods: In this prospective study, we recruited 52 subjects at Beijing Tiantan Hospital,

including 11 with MOG Ig+ ON (MOG-ON), 13 with AQP4 Ig+ ON (AQP4-ON), and 28

healthy controls (HCs). Fractional anisotropy (FA), mean diffusivity (MD), axial diffusivity

(AD), and radial diffusivity (RD) of optic radiation (OR), primary visual cortex volume

(V1), brain volume, and visual acuity (VA) were compared among groups. A multiple

linear regression was used to explore associations between VA and predicted factors.

In addition, we used optical coherence tomography (OCT) to examine thickness of the

peripapillary retinal nerve fiber layer (pRNFL) and retinal ganglion cell complex (GCC) in

a separate cohort consisting of 15 patients with ON (8 MOG-ON and 7 AQP4-ON) and

28 HCs.

Results: Diffusion tensor imaging showed that the FA of OR was lower than controls

in patients with AQP4-ON (p = 0.001) but not those with MOG-ON (p = 0.329)

and was significantly different between the latter two groups (p = 0.005), while V1

was similar in patients with MOG-ON and AQP4-ON (p = 0.122), but was lower

than controls in AQP4-ON (p = 0.002) but not those with MOG-ON (p = 0.210).

The VA outcomes were better in MOG-ON than AQP4-ON, and linear regression

analysis revealed that VA in MOG-ON and AQP4-ON was both predicted by the FA

of OR (standard β = −0.467 and −0.521, p = 0.036 and 0.034). Both patients of

MOG-ON and AQP4-ON showed neuroaxonal damage in the form of pRNFL and

GCC thinning but showed no statistically significant difference (p = 0.556, 0.817).
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Conclusion: The structural integrity of OR in patients with MOG-ON, which is different

from the imaging manifestations of AQP4-ON, may be a reason for the better visual

outcomes of patients with MOG-ON.

Keywords: MOG-ON, AQP4-ON, optic radiation, diffusion tensor imaging, visual acuity, optical coherence

tomography

INTRODUCTION

Neuromyelitis optic spectrum disorders (NMOSDs) are
autoimmune diseases of the central nervous system whose
main symptoms are optic neuritis (ON) and longitudinally
extensive transverse myelitis (LETM) (1, 2). Aquaporin-4
antibody (AQP4-ab) has been shown to be a hallmark serological
marker of NMOSD (3, 4). In the subgroup of NMOSD patients
with negative AQP4-IgG, serum antibody against myelin
oligodendrocyte glycoprotein (MOG) has been detected (5).
Current research tends to classify MOG-ab related diseases as
unique disease entities (6–8).

ON is an inflammation of the optic nerve, manifested as
vision loss and pain during eye rotation (9). It is an important
clinical manifestation of NMOSD, and it is also an important
clinical phenotype related to adult MOG antibody diseases. Many
previous studies on the visual pathway of NMOSD patients with
ON with AQP4 IgG+ (AQP4-ON) have confirmed anterograde
and retrograde synaptic degeneration (10–12). Diffusion tensor
imaging (DTI), an advanced magnetic resonance imaging (MRI)
technique, has also shown the microstructural damage of visual
pathway (10, 11, 13), but research on the NMOSD subgroup
of patients after ON with MOG Ig+ (MOG-ON) is limited to
conventional MRI (7, 14, 15).

In this context, we analyzed optic radiations based on the
probabilistic tractography of DTI, measured visual acuity (VA) to
reflect vision, and measured peripapillary retinal nerve fiber layer
thickness (pRNFL) and ganglion cell complex (GCC) through
optical coherence tomography (OCT). Our research purpose is
to further study the differences in visual pathway structure and
function between patients with MOG-ON and AQP4-ON.

MATERIALS AND METHODS

Study Objects
As shown in Figure 1, we prospectively analyzed 52 subjects as
part of the Clinical and Imaging Patterns of Neuroinflammation
Diseases in China (CLUE) trial (National Clinical Trials
identifier NCT04106830), including 11 patients with MOG-ON,
13 patients with AQP4-ON, and 28 healthy controls (HCs)
admitted from October 2018 to January 2020 at Beijing Tiantan
Hospital. The study was conducted in accordance with the
Declaration of Helsinki in its currently applicable version and
approval by the Medical Ethics Committee of Beijing Tiantan
Hospital; all participating patients signed a declaration of written
informed consent.

Patients aged 18–80 satisfying the following criteria were
eligible for participation in the study: with a diagnosis (by
an experienced neurologist) of NMOSD and ON according to

the 2015 NMOSD criteria (16); AQP4 or MOG autoantibodies
positive based on a cell-based assay (CBA) test; patients with
severe visual impairment (VA ≤ 20/200) at the time of the
acute phase; and comprehensive head MRI and VA examinations
conducted recently at Beijing Tiantan Hospital. Patients who
met any of the following criteria were excluded: evidence
of OR or V1 lesions on conventional MRI, patients with
visual field defects, a history of ON in the last 6 months,
pregnancy, human immunodeficiency virus (HIV) or other
immunodeficiency syndromes, history of drug abuse (drug or
alcohol), and systemic diseases.

Eligible HC participants met the following inclusion criteria:
between the ages of 18 and 80, willing to sign an informed consent
form, no lesions on conventional MRI, and no other neurological
diseases. The exclusion criteria were as follows: pregnancy, eye
diseases, and alcohol or drug abuse.

There were several patients in the acute phase of ON (<1
month) in the group that we eliminated in the analysis of OCT
data. Finally, OCT had been conducted in 15 of the enrolled
patients (8 MOG-ON and 7 AQP4-ON) and 28 HCs. These data
were analyzed to compare neuroaxonal damage of the optic nerve
among these groups.

Clinical Evaluation
All patients underwent complete neurological examination
and antibody testing based on cytometric bead array. Two
experienced neurologists assessed level of disability using the
Extended Disability Status Scale (EDSS). Detailed clinical
information related to visual symptoms was collected from all
patients (Table 1).

MRI acquisition
MRI scans were conducted on a 3.0-T MR scanner (Philips
CX, Best, The Netherlands) including fluid-attenuated
inversion recovery imaging (FLAIR) and DTI. Protocols
of FLAIR images were as follows: 3D sagittal acquisition
by inversion recovery turbo spin echo (IR-TSE), time of
repetition (TR)/ time of echo (TE) = 4800 ms/228ms, inversion
recovery= 1650ms, flip angle= 90◦, voxel size = 1mm ×

1mm × 1mm, matrix size= 256× 256, slice number = 196.
DTI protocols were as follows: 2D axial acquisition by spin
echo-echo planar imaging, TR/TE= 4,000 ms/88ms, FA = 90◦,
voxel size= 2.5mm × 2.5mm, slice thickness = 2.5mm, slice
gap = 0.25mm, matrix = 96 × 96, slice number = 60, b values
= 0 and 1000 s/mm2, diffusion gradient direction= 48 (17).

MRI Processing
The white matter hyperintensity lesions on FLAIR weremanually
segmented by two experienced neuroradiologists (authors TZ
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FIGURE 1 | Flowchart of cohort selection. ON, optic neuritis; AQP4, aquaporin-4; MOG, myelin oligodendrocyte glycoprotein; MOG-ON, optic neuritis patients with

MOG antibody; MOG-NON, patients with MOG antibody positive without a history of ON; AQP4-ON, NMOSD patients with AQP4 antibody positive and a history of

ON; AQP4-NON, NMOSD patients with AQP4 antibody positive but no history of ON; VA, visual acuity; OCT, optical coherence tomography.

TABLE 1 | Demographic data of HCs and patients.

HC MOG-ON AQP4-ON

Patients 28 11 13

Age Mean ± SD 39.64 ± 14.24 41.09 ± 12.87 41.77 ± 10.73

Sex (M/F) 9/19 2/9 2/11

Age at onset Mean ± SD N 37.73 ± 14.66 37.69 ± 11.24

ON duration

(years)

Mean ± SD N 3.20 ± 3.71 3.72 ± 4.58

Number of ON

episodes

Median

(min–max)

N 2 (1–3) 1 (1–4)

EDSS Median

(min–max)

N 3.5 (1–5) 4 (1–8.5)

RTX treatment Ratio N 3/11 8/13

AZA treatment Ratio N 3/11 4/13

EDSS, expanded disability status scale; HC, healthy control; MOG-ON, optic neuritis

patients with MOG antibody; AQP4-ON, NMOSD patients with AQP4 antibody positive

and a history of ON; RTX, rituximab; AZA, Azathioprine.

and YD) using 3D Slicer software (https://www.slicer.org/).
The 3D T1 image was lesion-filled at the average intensity
of surrounding white matter of normal appearance using the
Lesion Segmentation Tool for SPM (version 3.0.0, https://www.
applied-statistics.de/lst.html) (17). Segmentation of lesion-filled
3D T1 images was conducted using the Computational Anatomy
Toolbox in Statistical Parametric Mapping (SPM, version 12

https://www.fil.ion.ucl.ac.uk/spm/). Visual areas were manually
outlined on T1 template inMontreal Neurological Institute space
and then the corresponding volumes within the outlined areas
were obtained.

DTIs were pre-processed using the FMRIB Software Library
(FSL version 6.0, https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/FSL)
including eddy current and motion correction, skull strip,
and DTI parameter fitting. Fractional anisotropy (FA), mean
diffusivity, axial diffusivity, and radial diffusivity were obtained.
Tract-Based Spatial Statistics (TBSS) was conducted using FSL
including non-linear co-registration of individual FA images
to a predefined FA template. The mean FA image of all the
normalized individual FA images was calculated and used as
a basis for extraction of the white matter skeleton. Finally,
the individual local maximum FA values were projected onto
the mean FA skeleton. Non-FA parameters including mean
diffusivity, axial diffusivity, and radial diffusivity were projected
onto the mean FA skeleton using the same transformation
information obtained in the FA processing. The mean values
of all the above DTI parameters within specific atlas-based
white matter regions including the posterior thalamic radiation
(including OR) were extracted and used for analysis.

Ophthalmic Examinations
All patients underwent a comprehensive eye examination. The
Early Treatment Diabetic Retinopathy Study (ETDRS) scale was
used to measure best-corrected distance visual acuity (BCVA)
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TABLE 2 | MRI and OCT results from HCs and optic neuritis subgroup.

HC MOG-ON AQP4-ON HC vs. MOG-ON HC vs. AQP4-ON MOG-ON vs. AQP4-ON

V1 2.45 ± 0.32 2.30 ± 0.36 2.07 ± 0.40 0.210 0.002 0.122

Brain volume 1120.12 ± 107.43 1043.41 ± 48.08 1036.40 ± 114.26 0.036 0.016 0.865

FA 5.60 ± 0.35 5.52 ± 0.20 5.21 ± 0.38 0.329 0.001 0.005

MD 8.26 ± 0.30 8.33 ± 0.23 8.45 ± 0.45 0.363 0.117 0.322

AD 14.19 ± 0.52 14.18 ± 0.46 13.94 ± 0.60 0.985 0.124 0.182

RD 5.30 ± 0.38 5.54 ± 0.22 5.71 ± 0.49 0.242 0.005 0.030

Avg pRNFL(µm) 104.93 ± 6.51 73.13 ± 16.92 79.14 ± 28.35 <0.001 0.003 0.556

Avg GCC (µm) 97.88 ± 5.25 75.19 ± 12.36 76.64 ± 17.05 <0.001 <0.001 0.817

DTI, diffusion tensor imaging; OCT, optical coherence tomography; V1, Primary visual cortex volume; Brain volume, Whole brain volume including gray matter and white matter; FA,

fractional anisotropy; MD, mean diffusivity; AD, axial diffusivity; RD, radial diffusivity; HC, healthy control; MOG-ON, optic neuritis patients with MOG antibody; AQP4-ON, NMOSD

patients with AQP4 antibody positive and a history of ON; pRNFL, peripapillary retinal nerve fiber layer thickness; Avg pRNFL, average pRNFL; GCC, retinal ganglion cell complex; Avg

GCC, average GCC.

of the patients in the remission period of ON (6 months after
onset). For subjects who were unable to read the letters at the
viewing distance of 1m, VA was evaluated using the following
four levels in descending order: finger counting ability (CF),
hand movement perception ability (HM), light perception ability
(LP), or no light perception (NLP). We used the logarithm of
the minimum angle of resolution (logMAR) scale of ETDRS VA
for statistical analysis (18). For purposes of analysis, logMAR VA
values <0.0 were recorded as 0.0, and those >1.0 were recorded
as 1.0, resulting in a range of VA (logMAR) from 0.0 (decimal
20/20) to 1.0 (decimal 20/200) (19). Patients with severe visual
impairment were defined as having a BCVA (ETDRS) poorer
than 20/200 at the time of the acute phase. EDTRS VA of better
than 20/40 at the remission phase is considered a good visual
outcome (20).

OCT Image
Spectral domain OCT (Avanti RTVue-XR; Optovue, Fremont,
California, USA; software V.2017,1,0,155) was conducted in each
patient of the separate cohort by an experienced and certified
physician (21). An 840-nm wavelength laser with a tuning range
of 100 nmwas used to scan at 100 kHz axial frequency. The image
resolution was 5.3mm axially and 18mm laterally. The optic
nerve head map protocol was used to obtain the peripapillary
RNFL thickness, and the scanning range covered a circle with a
diameter of 3.45mm centered on the optic disc. The thickness of
the GCC was obtained using the GCC scanning protocol, which
generates data by instantaneous scanning of 1mm thickness
centered on the fovea and covering a square grid (7mm× 7mm)
on the central macula. Only high-quality images with signal
strength index ≥40 were accepted according to the OSCAR-IB
criteria. We report our quantitative OCT data in line with the
APOSTEL recommendations (22).

Statistical Analysis
Data analysis was conducted using SPSS Statistical software
version 22 (IBM, Armonk, NY) and graphs were plotted using
GraphPad Prism version 8.0 (GraphPad Software, La Jolla, CA).
Data are expressed as n (%), mean (SD), or median (IQR).

Normality of the data was evaluated using the Kolmogorov–
Smirnov test and histograms. P-value < 0.05 was considered
statistically significant. To assess the damage of visual pathway
in ON, group differences in MRI and OCT were evaluated by
general estimate equation (GEE) models accounting for within-
subject intereye dependencies and correcting for age and sex.
GEE models were used correcting for age and sex to analyze
relationships between structural parameters.

Significantly, the OR and V1 of each hemisphere receive
signals from the temporal part of the ipsilateral retina and the
nasal part of the contralateral retina. It is important for the
analysis of the visual structure from the retina to the visual cortex
that the V1 andOR of the left and right hemispheres and the GCC
and RNFL of the left and right eyes are calculated separately and
then analyzed together, thus doubling the sample size.

Finally, multiple linear regression was adopted to analyze
the influence on VA using the average FA of left and right
OR, the course of the disease, age of onset, and the number of
inflammatory episodes as candidate predictors. For the analysis
of visual outcomes, to avoid the bias of inter-relationship between
two eyes in the patients with bilateral neuritis, data from only
the more severely affected eye were included. Collinearity and
interactions between variables were tested before regression
analysis and the goodness of fit was evaluated using Pearson’s test.

The significance level of all statistical analyses was p < 0.05.

RESULTS

Patient Characteristics
As shown in Table 1, this study included 24 patients with ON
(11 MOG-ON and 13 AQP4-ON) and 28 HCs. The mean ON
duration (time since ON) in patients with MOG-ON was 3.20
± 3.71 years, and that in patients with AQP4-ON was 3.72 ±

4.58 years. The age and gender were well-matched among groups.
The median EDSS of patients with MOG-ON was 3.5 and that of
patients with AQP4-ON was 4. In the past 12 months, 12 (92.3%)
AQP4-ON patients and 6 (54.5%) MOG-ON patients received
treatment to improve their disease (rituximab or azathioprine).
All patients received oral glucocorticoid therapy.
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FIGURE 2 | DTI results. Boxplot of mean FA values (A), MD values (B), AD values (C), and RD values (D) for posterior thalamic radiation (include OR) in MOG-ON (left,

white), HCs (middle, light blue), and AQP4-ON (right, dark blue). FA, fractional anisotropy; MD, mean diffusivity; AD, axial diffusivity; RD, radial diffusivity; HC, healthy

control; MOG-ON, optic neuritis patients with MOG antibody; AQP4-ON, NMOSD patients with AQP4 antibody positive and a history of ON; OR, optic neuritis.

MRI Results
The data of MRI results are shown in Table 2. DTI-based
probabilistic tractography was used to analyze microstructural
white matter changes in OR. Compared with HC, the FA
of OR was significantly reduced in patients with AQP4-
ON, but not in those with MOG-ON (p = 0.001 and
p = 0.329, respectively) and was significantly lower in
AQP4-ON than in MOG-ON (p = 0.005) as shown in
Figure 2.

Corresponding values in V1 were similar in patients with
MOG-ON and AQP4-ON (p = 0.122), while the values in V1
were significantly reduced in patients with AQP4-ON (p= 0.002)
but not in those with MOG-ON (p = 0.210). Brain volume was
similar in patients with MOG-ON and AQP4-ON (p = 0.865)

while both were significantly lower than HCs (p = 0.036 and
0.016, respectively) (Figure 3).

Vision Results
Five patients with MOG-ON had bilateral neuritis, while this
applied to eight patients with AQP4-ON. EDTRS VA was better
than 20/40 in 5 (45.45%) eyes of patients with MOG-ON and 3
(23.08%) with AQP4-ON, while VA was poorer than this level
in 7 (54.55%) eyes of patients with MOG-ON (1 classified as
NLP) and 10 (76.92%) with AQP4-ON (1 classified as LP, 2
as NLP) (Figure 4). The proportion of MOG-ON patients with
good visual outcome was higher than that of AQP4-ON patients,
and the proportion of patients with severe visual disability was
less than that of AQP4-ON patients (Figure 4).
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FIGURE 3 | V1 and brain volume in patients and HCs. Boxplot of V1 (A) and brain volume (B) in MOG-ON (left, white), HCs (middle, light blue), and AQP4-ON (right,

dark blue). V1, primary visual cortex volume; brain volume, whole brain volume including gray matter and white matter; HC, healthy control; MOG-ON, optic neuritis

patients with MOG antibody; AQP4-ON, NMOSD patients with AQP4 antibody positive and a history of ON; OR, optic neuritis.

FIGURE 4 | Visual outcomes in MOG-ON and AQP4-ON patients. Histogram of the number of patients with MOG-ON and AQP4-ON in the VA ≤ 20/200 (superior,

light blue), VA < 20/40 (middle, light gray), and VA ≥ 20/40 (inferior, dark blue) intervals; VA, visual acuity; MOG-ON, optic neuritis patients with MOG antibody;

AQP4-ON, NMOSD patients with AQP4 antibody positive and a history of ON; OR, optic neuritis.

VA Outcomes: Correlations With FA and
Disease Duration
Covariates such as age, disease duration, number of ON episodes,
and FA value of OR were entered into the linear regression

model (Table 3). Linear regression analysis showed that VA of

patients with MOG-ON and AQP4-ON were both predicted by

the FA of OR (standard β = −0.467 and −0.521, respectively;

p = 0.036 and 0.034, respectively). In MOG-ON only, VA
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TABLE 3 | Linear regression of visual acuity with MOG-ON and AQP4-ON.

VA in MOG-ON VA in AQP4-ON

Unstandardized coefficients P-value Unstandardized coefficients P-value

B Std. error B Std. error

FA −10.981 4.087 0.036 −5.017 1.968 0.034

Age 0.016 0.006 0.040 0.011 0.007 0.140

Disease duration 0.006 0.002 0.019 0.001 0.001 0.362

Number of episodes 0.271 0.094 0.027 0.132 0.111 0.269

VA, visual acuity; MOG-ON, optic neuritis patients with MOG antibody; AQP4-ON, NMOSD patients with AQP4 antibody positive and a history of ON; FA, fractional anisotropy.

FIGURE 5 | OCT results in patients and HCs. Boxplot of V1 (A) and brain volume (B) in MOG-ON (left, white), HCs (middle, light blue), and AQP4-ON (right, dark

blue). pRNFL, peripapillary retinal nerve fiber layer thickness; GCC, retinal ganglion cell complex; HC, healthy control; MOG-ON, optic neuritis patients with MOG

antibody; AQP4-ON, NMOSD patients with AQP4 antibody positive and a history of ON; OR, optic neuritis.

was also predicted by disease duration, age, and number
of episode.

OCT Results
As shown byTable 2, in the separate OCT cohort, the pRNFL and
GCC of patients with MOG-ON were significantly less than in
those withHCs (p< 0.001 in both cases). Similarly, the RNFL and
GCC of AQP4-ON patients were significantly lower than in HCs
(p = 0.003 and p < 0.001, respectively). However, the RNFL and
GCC of MOG-ON patients and AQP4-ON patients were similar
(p= 0.556 and p= 0.817, respectively) (Figure 5).

DISCUSSION

The above data from OR and V1 indicate that prior ON may
induce anterograde synaptic degeneration of the visual cortex,
and the degree of damage in patients with MOG-ON is less than
in patients with AQP4-ON.

This study reveals the structural and functional alterations
in visual pathways of MOG-ON and AQP4-ON patients.
Episodes of ON triggered both anterograde (OR, V1) and
retrograde (retinal) axon degeneration. The results showed
that in anterograde axon injury, there is no evidence of OR
microstructure damage in patients with MOG-ON, while the
OR in patients with AQP4-ON showed clear microstructural
damage, although the proportion of AQP4-ON patients receiving
immunosuppressive therapy is much higher than that of MOG-
ON patients. Additionally, the proportion of MOG-ON patients
with good visual outcomes was higher than that of AQP4-ON
patients, and the VA of patients with MOG-ON and AQP4-ON
were both predicted by the FA of OR. This finding suggests that
visual outcomes in patients with MOG-ON and AQP4-ON are
related to OR integrity.

The visual pathway is a well-defined neural pathway that
transmits visual information from the retina to the primary
visual cortex. Each OR and V1 receives signals representing the
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contralateral visual field. We analyzed data from left and right V1
and OR, to assess the corresponding visual pathways (10). This
increases statistical power and allows any damage in the visual
pathway to be accurately mapped.

One study has shown that MOG-ON leads to severe pRNFL
and GCIP thinning, the extent of which is comparable to AQP4-
ON (23). Another has shown that MOG-ON patients experience
less retinal neuronal loss than AQP4-ON (24). The relapse rate of
MOG-ON is obviously higher than that of AQP4-ON (23, 25, 26);
the reasons for the inconsistent results of the two studies may
be related to the time phase and follow-up time of the enrolled
patients. In contrast to AQP4-ON in which damage is caused
by the severity of an attack, the damage associated with MOG-
ON seems to be driven by the frequency of attacks. We found no
significant difference in RNFL or GCC damage between patients
with MOG-ON and AQP4-ON, which indicates similar degrees
of retinal neuronal damage in both types of ON.

Previous research has shown that patients with MOG-
ON have severe vision loss in the acute phase, with better
recovery than patients in AQP4-ON, which indicates good
visual outcomes in MOG-ON (27). The present study is broadly
consistent with this finding.

It is thought that AQP4 Ig+-related diseases may be caused
by an increase in astrocytes and that Müller cells as astrocytes
specific to the retina express AQP4 antibody (28). The OR
and retinal damage in visual pathways of the patients with
AQP4-ON has been clearly confirmed in previous studies (29).
Microstructural changes have been found in the afferent visual
system (OR) of AQP4-ab seropositive NMOSD patients without
a history of ON, which indicates that AQP4 antibody-related
diseases are associated with the location of AQP4 expression.
Müller cell dysfunction plays a major role in the impairment of
retinal function and the structural changes sof the visual pathway
in AQP4-ON. The structural damage in AQP4-ab-positive-
related diseases may be closely related to the accumulation of
astrocytes, but the evidence for this in MOG-ON patients is
unclear. The present study aimed to understand structure and
function of the visual pathway in ON patients, including those
with MOG-ON. We found a lack of microstructural damage
in the OR of MOG-ON patients, and the VA outcomes were
significantly related to OR integrity.

These data suggest that AQP4-ON and MOG-ON have
different mechanisms of neurodegeneration. Although both
AQP4 and MOG antibody ON are antibody-mediated
demyelinating diseases of the central nervous system, and
both have pathogenic components of inflammation and
neurodegeneration, the severity of the disease and the degree of
pathogenic factors may differ between them. In the pathogenesis
of AQP4 antibody-mediated ON, abnormal AQP4 dynamics
in astrocytes/Müller cells lead to severe neurodegeneration
(28) while the pathogenic effect in MOG antibody-positive ON
is relatively mild. Compared with AQP4, the lack of AQP4
expressing Müller cell invasion target can only induce increased
inflammation and cause tissue damage through indirect effects
(5). It was also believed that MOG antibody-related diseases
may be associated to more reversible mechanisms compared
with AQP4 antibody (30). These differences may explain
the lack of OR damage in patients with MOG-ON, and this

relative integrity of OR may explain better visual outcomes in
this group.

There are some limitations to this exploratory study. Although
data reflecting visual pathway structure and function were
analyzed, it was a cross-sectional study. In addition, automated
analysis of posteriorthalamic radiation using the approach of
TBSS to gauge OR damage, but a direct measure of region of
interest (ROI) to measure the ROI of OR was not used. Another
potential limitation of the study is that the sample size is relatively
small. This reflects the fact that MOG antibody-positive ON is
a very rare disease with minimal scope for large-scale studies.
However, we gathered data from the left and right V1, OR,
GCC, and RNFL and combined these for analysis to increase
statistical power. This study chose normal VA as the visual
outcome may underestimate the actual extent of damage to the
afferent visual system. The impact of structural damage should
be further studied through low-contrast letter acuity, color vision
testing, visual fields, and quality of life scales in the future study.

In summary, this study provides evidence of differential
damage to structure and function of the visual pathway in
patients with MOG-ON and AQP4-ON. The structural integrity
of OR in patients with MOG-ON, which is different from the
imaging manifestations of AQP4-ON, may be a reason for the
better visual outcomes of patients with MOG-ON.
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Background: The presence of fluid attenuated inversion recovery (FLAIR)-hyperintense
lesions in anti-myelin oligodendrocyte glycoprotein (MOG) antibody-associated cerebral
cortical encephalitis with seizures (FLAMCES) was recently reported. However, the clinical
characteristics and outcome of this rare clinico-radiographic syndrome remain unclear.

Methods: The present study reported two new cases. In addition, cases in the literature
were systematically reviewed to investigate the clinical symptoms, magnetic resonance
imaging (MRI) abnormalities, treatments and prognosis for this rare clinico-radiographic
syndrome.

Results: A total of 21 cases were identified during a literature review, with a mean patient
age at onset of 26.8 years. The primary clinicopathological characteristics included
seizures (100%), headache (71.4%), fever (52.3%) and other cortical symptoms
associated with the encephalitis location (61.9%). The common seizure types were
focal to bilateral tonic-clonic seizures (28.6%) and unknown-onset tonic-clonic seizures
(38.1%). The cortical abnormalities on MRI FLAIR imaging were commonly located in the
frontal (58.8%), parietal (70.6%) and temporal (64.7%) lobes. In addition, pleocytosis in the
cerebrospinal fluid was reported in the majority of the patients (95.2%). All patients
received a treatment regimen of corticosteroids and 9 patients received anti-epileptic
drugs. Clinical improvement was achieved in all patients; however, one-third of the
patients reported relapse following recovery from cortical encephalitis.

Conclusions: FLAMCES is a rare phenotype of MOG-associated disease. Thus, the
wider recognition of this rare syndrome may enable timely diagnosis and the development
of suitable treatment regimens.
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INTRODUCTION

Myelin oligodendrocyte glycoprotein (MOG) is a membrane
protein expressed on the surface of oligodendrocytes and in
myelin sheaths (1). The primary clinical phenotypes for MOG-
IgG-positive disorders are optic neuritis and myelitis (2, 3). Recent
studies have suggested thatMOG-associated demyelinating disease
may be an entity distinct from multiple sclerosis (MS), acute
disseminated encephalomyelitis (ADEM) and neuromyelitis
optica spectrum disorder (NMOSD) (1, 3).

Epileptic seizures have been recorded in ~20% of patients
with MOG-associated diseases (4). Furthermore, encephalitis
accompanied by seizures and cortical lesions is a rare anti-
MOG phenotype, which was first reported by Ogawa in 2017
(5). All 4 patients with MOG-IgG positivity described by Ogawa
were observed to have experienced seizures and exhibited
unilateral hyperintense cortical lesions on magnetic resonance
imaging (MRI) fluid attenuated inversion recovery (FLAIR)
sequences. Recently, Budhram systematically reviewed the
literature and identified 20 similar cases with clinical
symptoms (seizures, headache, fever and cortical symptoms);
the MRI scan identified cortical FLAIR-hyperintense lesions in
anti-MOG-associated encephalitis with seizures (FLAMES) (6).
It is difficult to comprehend why Budhram performed
investigations in some patients without seizure symptoms,
despite naming this rare phenotype FLAMES (6). The present
study hypothesized that the primary features of this MOG
phenotype are the clinical manifestations of cortical
encephalitis and seizures, as well as the radio-imaging changes
in the cerebral cortical FLAIR hyperintense lesions on MRI. We
named this phenotype “FLAMCES”, which stands for FLAIR-
hyperintense lesions in anti-MOG antibody-associated cerebral
cortical encephalitis with seizures.

The characteristics and outcome of the seizures of this rare
syndrome have not been investigated to date. In the present
study, two new similar cases were reported, and a systematic
review of previous cases presenting with FLAMCES was
conducted. The study aimed to further characterize the clinical
features and outcome of this rare clinico-radiographic syndrome
associated with anti-MOG antibodies.
MATERIALS AND METHODS

The literature was searched for reported cases of encephalitis
with seizures and cortical lesions following MRI scans in the
presence of anti-MOG antibodies. The repositories PubMed,
Ovid, EBSCOhost and ScienceDirect were searched for the
terms’ [encephalitis] AND [MOG]’, ‘[MOG] AND [seizure]’
and ‘[MOG] AND [cortical] AND [MRI]’. All relevant
published articles from January 2017 to May 2020 were
reviewed for potential study inclusion. Cases were included in
the present study if they met the following criteria: i) presented
with encephalitis accompanied by seizures; ii) exhibited
distinctive unilateral/bilateral cortical FLAIR hyperintensity on
MRI without the involvement of the adjacent juxta-cortical white
Frontiers in Immunology | www.frontiersin.org 2295
matter; iii) the presence of MOG-IgG antibodies were identified
by cell-based assay (CBA) in the serum; and iv) infectious
encephalitis [e.g., herpes simplex virus (HSV), syphilis] and other
autoimmune diseases (e.g., multiple sclerosis, NMOSD,
Hashimoto’s encephalitis, rheumatological diseases, autoimmune
encephalitis associated with synaptic receptors/neuronal cell
surface proteins antibodies) were rationally excluded. Cases were
excluded if insufficient data were provided in the literature.
Discrepancies between reviewers regarding the inclusion of cases
were resolved by discussion. Information of the enrolled cases and
our cases are presented in theTable 1. Two new cases diagnosed in
our hospital were also included in the present study, for which the
patients provided written informed consent. The present study was
approved by the Ethics Committee of Qilu Hospital of
Shandong University.
CASE REPORTS

Case 1
A 19-year-old man was admitted to the hospital due to
experiencing seizures and blurred vision, with prodromal
headache and fever. The patient developed a focal motor
seizure and a secondary generalized tonic-clonic seizure. His
vision acuity of right and left eye was 3.9 and 4.8 respectively by
logarithmic visual acuity chart examination. His left upper limb
power was grade 4 (MRC). The brain MRI scan revealed obvious
hyperintensity on the FLAIR image not diffusion weighted
imaging (DWI) in the right frontal and parietal cortex
(Figures 1A, B). Examination of the cerebrospinal fluid (CSF)
revealed normal pressure, but increased pleocytosis (120/ml) and
protein (0.49 g/l) levels. The screening of the CSF by RT-PCR for
the presence of HSV, Epstein-Barr virus, cytomegalovirus and
returned negative results. The syphilis infection was excluded by
TPPA and RPR testing. The presence of serum anti-MOG
antibodies was positive (titer 1:32), as determined using a
CBA. The results for anti-aquaporin-4 (AQP4) antibody, anti-
N-methyl-D-aspartate receptor antibody, anti-leucine-rich
glioma inactivated 1 (LGI1) antibody, anti-contactin-associated
protein-like 2 (CASPR2) antibody, a-amino-3-hydroxy-5-
methyl-isoxazolepropionic acid receptor (AMPAR) antibody,
gamma-aminobutyric acid (GABA) receptor, and other
autoimmune antibodies, including antinuclear, anti-ds-DNA,
anti-thyroid and anti-neutrophil cytoplastic antibodies, were all
negative. Subsequently, oxcarbazepine (600mg per day) and
intravenous methylprednisolone (500mg per day for 5 days)
were administered, followed by a dose of oral prednisone (1 mg/
kg per day), with the doses gradually decreasing over time.
Mycophenolate mofetil was added with a dose of 1 gram per
day. The neurological symptoms of the patient resolved
following treatment. In fact, a brain MRI scan after 4 weeks
revealed that the abnormal cortical hyperintensity had almost
disappeared (Figure 1C).

The patient’s history revealed that he had been admitted to the
hospital 7 years prior due to a seizure and headache. At the time, the
brain MRI scan revealed hyperintensity in the left frontal and
June 2021 | Volume 12 | Article 582768
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TABLE 1 | The clinical manifestations, diagnostic examination and outcome of FLAMCES.
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+ + + + + + + + +
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rebral cortical encephalitis; R, right; L, left; Bi, bilateral; ON, optic neuritis; BSS, brainstem
nic seizure; UTCS, unknown onset tonic-clonic seizure; SE, status epilepticus; RH, right
uid; WC, white cell; Fr, frontal lobe; P, parietal lobe; T, temporal lobe; O, occipital lobe; I,
limus; AZA, azathioprine; MMF, mycophenolate mofetil; SW, slow waves; OB, oligoclonal
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Case1 Case2 Case3 Case4 Case5 Case6 Case7 Case8 Case9 Case10 Case11 Case12

Sex M M M M M M F M M M F F

Age(years) 19 23 39 36 23 38 17 46 27 29 20 11

Fever + - - - - - - + + + + +

Headache + + – – + + – + + – + +

Seizure types FBTCS FAS GTCS

UTCS Unclassified

+ + + + + + + + + + + +

SE – – – – – – – – – – ND ND

Other symptoms Hemiparesis

Aphasia Hemianopsia Vision

loss Memory defect Psychiatry

Paraplegia

++ ++ ++ ++ - +++ ++ + ++ + - +

Phenotypes before encephalitis/

time duration (month)

CE(84) – RON

(7)

– – – ADEM

(76)

– – – – –
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time duration (month

- - - - - - ADEM

(30)
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ND

CSF WC (/mm3) Lymphocyte% 120

56

30 98 29 88 63 98 101

50

311 41 137 73 56 93 205 67 73 ND 15 ND 76 ND

CSF protein (g/L) 0.49 0.77 0.35 0.38 0.86 0.53 ND 0.36 0.84 ND ND ND

CSF OB - - ND - - - + + ND - ND ND

EEG slow waves RH LH RH No RH ND LH No LH BF ND ND

MRI cortical FLAIR

hyperintensity

R Fr/P L Fr/T/

O/I

R Fr/P R Fr/P R P L Fr/P/

T/O/I

L Fr/P/

T

Bi P L Fr/P/

T/O/I;

R:Fr

Bi Fr/P R Fr/P/

T/I

R T

MRI meningeal enhancement – + ND ND ND ND ND + ND + ND ND

MRI other abnormality - spinal

cord

- - - - - cingulate

gyri

- - - -

Immunotherapy drugs and
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Anti-epileptic drugs LVT LVT CBZ,
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Recovery after treatment + + + + + + + + + + + +

Seizures free after treatment + + + + + + + + + + + +

Follow-up duration (month) 18 9 30 40 23 72 30 65 ND ND ND ND

Relapse times during follow 0 0 0 0 0 0 1 1 0 0 2 2

MOG, myelin oligodendrocyte glycoprotein; M, male; F, female; N, no; Y, yes; ME, myelitis; ADEML, acute demyelinating encephalomyelitis like; CE, ce
syndromes; MD, memory decline; FBTCS, focal to bilateral tonic-clonic seizure; FAS, focal aware motor onset seizure; GTCS, generalized tonic-clo
hemisphere; LH, left hemisphere; BF, bilateral frontal lobes; Hp, hemiparesis; Ho, hemianopsia; ND, no data available/reported; CSF, cerebrospinal
insular lobe; DEX, dexamethasone; MP, methylprednisolone; RTM, rituximab; CBZ, carbamazepine; LTG, lamotrigine; LVT, levetiracetam; TAM, tacro
band; FLAIR, fluid attenuated inversion recovery; MRI, magnetic resonance imaging; EEG, electroencephalography.
Case 3-6 from Ogawa (reference 5); Case 7 from Fukushima (reference 7); Case 8 from Fujimori (reference 8); Case 9 from Adachi (reference 9); C
Sugimoto (reference 12); Case 16-17 from Cobo-Calvo (reference 3); Case 18 from Budhram (reference 6); Case 19 from Haddad (reference 13); C
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parietal cortex on the FLAIR images. In addition, a CSF
examination revealed mildly elevated levels of white blood cells.
Following treatment with glucocorticoids, the patient completely
recovered and was diagnosed with steroid-responsive encephalitis of
unknown etiology (Figures 1D–F).

Case 2
A 23-year-old male patient presented with a headache, generalized
tonic-clonic seizures and altered mental status, without a fever. In
addition, no demyelination syndrome was reported. Two days later,
the patient presented with weakness in both lower limbs and a brain
MRI scan revealed the presence of diffuse cortical lesions in the left
cerebral hemisphere (Figures 1G–I). The cognitive test score of this
patient was 20 bymini-mental state examination (MMSE). His right
nasolabial fold became shallow. His right and left upper limb power
were grade 3 and grade 5, respectively. His right and left lower limb
power were grade 2 and grade 3, respectively. He showed active
Frontiers in Immunology | www.frontiersin.org 4297
bilateral knee tendon reflexes with positive bilateral Babinski sign.
The spinal cord MRI scan identified the presence of myelitis from
the T2 to the T9 segments (Figure 1J). In addition, the CSF
examination reported 30 lymphocytes/ml and elevated protein
levels of 0.77 g/l. Extensive screening by RT-PCR, TPPA, RPR
and immunofluorescence testing for the presence of infections,
including HSV, Epstein-Barr virus, cytomegalovirus and syphilis,
and for the presence of autoimmune antibodies associated with
synaptic receptors/neuronal cell surface proteins in the CSF,
returned negative results. The serum antinuclear, anti-SS-A, anti-
SS-B, anti-ds-DNA, anti-thyroid and anti-neutrophil cytoplastic
antibodies were all negative. The anti-AQP4 antibody was also
negative; however, the serum anti-MOG antibody was positive (titer
1:32). The patient was treated with intravenous methylprednisolone
(500mg per day for 5 days), mycophenolate mofetil (1 g per day)
and levetiracetam (1.5g per day). Then oral prednisone gradual
tapered from a dose of 60 mg per day. Three weeks later, the patient
FIGURE 1 | (A) Fluid attenuation inversion recovery (FLAIR) image showed hyperintensity in the cortical region of right frontal and parietal lobes without white matter
involvement (Case 1). (B) Diffusion weighted imaging (DWI) showed no obvious signal change in the cortex (Case 1). (C) MRI scan showed the abnormality
disappeared at the follow-up scan (Case 1). (D) Hyperintensity in the cortical regions of left parietal lobes in MRI FLAIR images 7 years before this episode (Case 1).
(E) DWI showed no obvious signal change in the cortex (Case 1). (F) MRI scan showed the abnormal lesions disappeared at the follow-up scan (Case 1). (G)
Hyperintensity in the cortical regions of left frontal and parietal lobes in MRI FLAIR images (Case 2). (H) DWI showed mild hyperintensity in the involved cortical
regions (Case 2). (I) Gadolinium enhanced T1-weighted image showed meningeal linear enhancements in the sulci of left brain lobes (Case 2). (J) T2-weighted image
showed hyperintensity in the spinal cord from thorax 2 to 9 segments. (Case 2).
June 2021 | Volume 12 | Article 582768
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had recovered fully and no longer experienced seizures. The
glucocorticoid dosage was gradually reduced, and no relapse was
reported over the following 9 months.
RESULTS

An additional 19 cases from 11 different literature reports were
identified and included in the review in addition to our two new
reported patients (2, 5–14).

The mean age at onset of the patients was 26.8 years (range,
11-46 years) and 76.2% of the patients were male. The type of
seizure experienced included focal aware motor onset (1/21),
focal to bilateral tonic-clonic (6/21), unknown onset tonic-clonic
(8/21) and unclassified (6/21)-seizures (due to inadequate
information or inability to place in other categories). No
patients developed status epilepticus. The frequency of the
other symptoms reported among these cases was as follows:
15/21 (71.4%) headache, 11/21 (52.3%) fever and 13/21 (61.9%)
cortical symptoms, including aphasia, hemiparesis (8/21),
hemianopsia (4/21), memory defect (4/21) and psychiatric
symptoms (5/21). In addition, 7/21 patients presented with other
clinical phenotypes, including optic neuritis (5/21) andmyelitis (2/
21), whereas 11/21 patients experienced relapse (range, 1-3
episodes) before or/and after the encephalitis episode. The
previous phenotype before the onset of the encephalitis
phenotype included optic neuritis (2/21), ADEM-like syndrome
(1/21) and encephalitis (2/21). During the follow-up, 7 patients
reported relapses, including optic neuritis (5/21), myelitis (2/21),
brainstem syndrome (2/20) and ADEM-like syndrome (2/21)
following themanifestationof the encephalitisphenotype (Table1).

All patients presented with cortical hyperintensity on the MRI
FLAIR sequence, without involvement of the white matter. In
addition, 17/21 patients presented with unilateral cortical
abnormalities, including in the frontal (10/17), parietal (12/17),
temporal (11/17), insular (4/17) and occipital (3/17) lobes, and 4/
21 patients exhibited bilateral abnormalities within the frontal
(3/4), parietal (3/4), temporal (2/4), insular (1/4) and occipital
(1/4) lobes. Brain MRI enhancement data were reported in 11
cases, and 7/11 patients presented with meningeal enhancement.
Lesions in the spinal cord (2/21), brainstem (1/21) and optic
nerves (1/21) were also reported on MRI. Pleocytosis in the CSF
was observed in 20/21 patients. Furthermore, EEG data were
available for 11 cases and slow waves were reported in 9/11
patients. The number of white blood cells in the CSF ranged from
3- to 599/ml and the protein levels ranged from 0.35- to 0.84 g/l.
A total of 12 patients underwent a CSF oligoclonal band screen
and 3 cases were found to be positive. The titer of the MOG
antibody in the serum ranged from 1:10 to 1:2,048. In addition, 6
patients were found to have MOG antibodies in the CSF, with a
titer ranging from 1:1 to 1:128 (Table 1).

All patients received treatment with corticosteroids, such as
methylprednisolone (20/21) and dexamethasone (1/21). Anti-
epileptic drugs, including levetiracetam (5/9), carbamazepine (4/
9) and lamotrigine (1/9), were also administered as a single agent
or in combination in 9 patients. Immunosuppressive drugs,
Frontiers in Immunology | www.frontiersin.org 5298
including azathioprine (2/5), rituximab (1/5), tacrolimus (1/5)
and mycophenolate mofetil (1/5) were also administered to 5
patients presenting with relapse. Both clinical and radiographic
recovery was achieved in all patients following therapy, and no
unprovoked seizures were reported in any of the patients
following treatment. However, one-third of the patients (7/21)
reported relapse during the follow-up period (Table 1).
DISCUSSION

In the present case report and literature review, the features of a
rare phenotype of FLAMCES were characterized. In addition, the
study reported two novel cases of this rare phenotype of MOG-
associated disease. There were some unique clinical features of
our patients compared with what had reported in literature. One
patient experienced two attacks with clinical features of
FLAMCES. The other one had clinical features with both
FLAMCES and myelitis during one attack.

MOG-antibody-associated disease phenotypes are a new
entity in the spectrum of inflammatory demyelinating diseases
(1, 3). The most frequent clinical presentations include optic
neuritis, myelitis, acute disseminated encephalomyelitis-like
syndrome and brainstem syndrome (3). Less typical syndromes
include encephalitis with seizures, cranial nerve involvement and
chronic lymphocytic inflammation with pontine perivascular
enhancement, which is responsive to steroids (3). Patients with
MOG antibody-associated disease are more likely to manifest
with encephalitis-like symptoms characterized by seizures
compared with those with AQP4-IgG-associated disease (15).
In one cohort study, nearly one fifth of MOG-antibody-positive
patients presented with encephalitis, while unique cortical
lesions were observed in 72.2% of the patients (11). In these
cases, the majority of the patients with encephalitis were reported
to have white matter lesions on the MRI scan. A total of 5
patients also overlapped with anti-N-methyl-D-aspartate-
receptor encephalitis. Thus, only 4 patients fit the criteria of
the present study. Ogawa first described 4 adult MOG antibody-
positive cases presenting with unique unilateral encephalitis with
epileptic seizures (5). All the cases enrolled in the present study
presented with seizures and, amongst these, the focal to bilateral
tonic-clonic seizure type was commonly observed. Since the data
describing the characteristics of the seizures were not complete
for the majority of the cases, the seizure types of these patients
were classified as unknown onset tonic-clonic seizure or
unclassified seizure. Furthermore, status epilepticus was not
reported in any of these patients, which is a common
occurrence in autoimmune encephalitis associated with
antibodies against neuronal cell surface proteins. Consistent
with the findings of Budhram, the present study reported the
presence of headaches and fever in the majority of the patients
(6). Cortical symptoms associated with the encephalitis lesions,
including aphasia, hemiparesis, hemianopsia, memory
impairment and psychiatric symptoms, were also reported in
several cases. In addition, approximately half of the patients
suffered an optic neuritis episode. Optic neuritis in the setting of
June 2021 | Volume 12 | Article 582768
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the encephalitic episode or following an episode is a highly
probable event (2).

MRI findings in MOG encephalomyelitis usually include an
ADEM-like pattern with diffuse signal changes in the cortical grey
matter, juxtacortical/subcortical/deep white matter and deep grey
matter, according to FLAIR images (11, 15). The distinctive brain
MRI findings in patients associated with MOG antibodies are
thalamic and pontine lesions, while cortical lesions are only found
in 16.3% of the cases (2, 3). Zhong reported that seizures in MOG-
associated disease are commonly associated with cortical and
subcortical brain lesions (16). Recently, Armangue also reported
that, in several pediatric patients with non-ADEM encephalitis with
positive MOG antibodies, 18% involved cortical or cortical-
subcortical lesions. The majority of these pediatric patients
presented with cognitive impairment, epilepsy and generalized
cortical atrophy during the follow-up (17). In addition, Ogawa
initially described the rare MOG clinico-radiographic syndrome as
exhibiting distinctive characteristics, i.e., unilateral cortical lesions
without the involvement of white matter in MRI scans. Budhram
reported that several patients with bilateral cortical involvement
demonstrated a broader disease spectrum (6). In the present study,
~20% patients in the literature reported bilateral cortical
abnormalities on MRI FLAIR images. The most common sites of
cerebral cortical lesions were identified as the frontal, temporal and
parietal lobes. The cortical lesions on MRI FLAIR images should be
carefully differentially diagnosed from HSV encephalitis,
Creutzfeldt-Jakob disease, metabolic encephalopathy
(hypoglycemia, hyperammonemia or hypoxemia) or
mitochondrial encephalomyopathy.

The most interictal EEG findings are non-specific slow waves
consistent with the location of the cortical lesions. CSF
pleocytosis was also reported in almost all cases. In addition,
the white blood cell count in the CSF is usually elevated with
lymphocytic predominance in patients positive for MOG
antibodies (18). Pathological examination has identified
lymphocytic infiltration in both the subarachnoid space and
brain parenchyma without distinct demyelinating plaques and
neuronal/axonal loss (8, 10). Experimental studies have also
established MOG-IgG as a pathogenic antigen rather than a
secondary immune reaction (19). The present study discovered
that the titer of MOG antibodies in the serum widely varied
among the patients, and was not associated with disease severity
or outcome. The concomitant release of autoimmune antibodies
detected in the same patient with an autoimmune disease is not a
rare clinical phenomenon. For example, encephalitis associated
with MOG antibodies may overlap with N-methyl-Daspartate-
receptor (NMDAR) antibodies (20, 21); and Jarius reported that
concomitant autoimmune disorders were present in 8% of
MOG-IgG-positive patients (18).

The syndrome of cerebral cortical encephalitis with seizures
associated with MOG antibodies was initially described as a
steroid-responsive disease (2). The acute seizures are likely
triggered by an episode of demyelination, and immunotherapy
was discovered to be more useful compared with anti-epileptic
drugs (AEDs) for controlling the seizures (2). The present study
also discovered that the seizures of several patients were
Frontiers in Immunology | www.frontiersin.org 6299
completely resolved by steroids without any AEDs. AEDs, such
as carbamazepine, lamotrigine and levetiracetam, were reported
to be used to control the seizures. However, it remains difficult to
accurately evaluate the efficacy of these AEDs alone in
controlling seizures compared with immunotherapy.

The majority of patients with autoimmune antibody-
mediated encephalitis develop seizures provoked by immune
mechanisms; however, only a few patients develop epilepsy
following recovery from encephalitis (4). The occurrence of
seizures was completely abolished following recovery of
encephalitis in the present literature review; no unprovoked
epileptic seizures were reported following recovery from
encephalitis. Thus, we prefer to name this rare MOG
phenotype “cerebral cortical encephalitis with seizures” instead
of “cerebral cortical encephalitis with epilepsy” (5, 14). Since
MOG patients with an encephalitis phenotype experienced a
sustained seizure-free period following immunotherapy, the
long-term use of AEDs may be unnecessary (4, 15, 16). It
remained unclear whether cortical lesions in patients were
entirely inflammatory or some involve cortical demyelination.
Pathologically, there was inflammatory changes in the cortex and
subcortex with microglial proliferation in perivascular regions
and subcortical white matter, which might suggest ‘preactive’
lesions of demyelination (10).

Although the rapid response to steroids is a distinctive feature
in patients with MOG antibodies-associated disease, there is also
a tendency for relapse following steroid withdrawal (3). Hamid
described 5 cases of patients with MOG antibodies suffering from
seizures and encephalopathy, and unprovoked seizures occurred
in 2 of these patients. These cases exhibited involvement of the
brain cortex, alongside hemispheric white matter and basal
ganglia abnormalities on the MRI scan (15). This indicated
that patients with abnormalities extending beyond the cortex
on MRI scans have a high rate of seizure recurrence. Armangue
reported that several patients with pediatric encephalitis-like
MOG with extensive cortical involvement presented with
severe brain atrophy, refractory epilepsy and cognitive changes
(17). In several encephalitis cases, catastrophic brain injury and
death occurred due to intracranial hypertension (7, 17). Thus,
the phenotype of encephalitis with seizures should not be simply
considered as a benign syndrome.

In conclusion, FLAMCES is a rare clinico-radiographic
syndrome of MOG antibody-associated disease, whereby tonic-
clonic seizures are common. FLAMCES may combine with
myelitis or optic neuritis during one attack and relapse.
Following treatment with glucocorticoids, patients may
completely recover from encephalitis and cortical lesions, as
demonstrated by MRI imaging. However, AEDs should not be
used as long-term treatment and long-term immunosuppression
should be considered instead for patients with relapse.
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Myelin oligodendrocyte glycoprotein (MOG) antibody-associated disease (MOGAD)
covers a wide spectrum of manifestations and is defined by the presence of MOG
seropositivity. However, in a proportion of patients, there may be an overlap in some of the
clinical and radiological manifestations between MOGAD and multiple sclerosis (MS).
Being wary of this entity is critical to ensure appropriate therapy. Herein, we present a case
with recurrent episodes of short-segment myelitis typical for multiple sclerosis, but later
diagnosed as MOGAD by MOG antibody seropositivity. This case, along with previous
reports, highlights an increasingly recognized subgroup in MOGAD with initial clinical
phenotypes suggestive of MS, but later showing a disease course and therapeutic
response compatible with MOGAD. Given the potential overlap of some clinical
phenotypes in patients with MS and those with MOGAD, we recommend MOG
antibody testing in all patients with recurrent short-segment myelitis, conus medullaris
involvement, and those who demonstrated steroid dependence.

Keywords: case report, myelin oligodendrocyte glycoprotein antibody, multiple sclerosis, myelitis lesions,
neuroimmunological disease
INTRODUCTION

Myelin oligodendrocyte glycoprotein (MOG) antibody-associated disease (MOGAD) is increasingly
recognized as a distinct disease entity, yet with a wide spectrum of presentations (1). Herein, we
report a case with findings initially concerning for multiple sclerosis (MS) yet subsequently
diagnosed with MOGAD (Figure 1). Though rare, it is now recognized that patients with
MOGAD could have typical MS attacks at onset (2–4). The major challenge, however, lies in the
early recognition and correct diagnosis of such patients for an appropriate therapeutic strategy. Our
case argued the importance and proposed the rationale for a MOG antibody screen in selected
patients with clinical phenotypes suggestive of MS. We also discussed rituximab as a therapeutic
option in such patients.
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CASE DESCRIPTION

A 25-year-old female presented with a 2-month history of
progressive ascending paresthesia with incomplete bladder
emptying. On examination, the patient exhibited pain and
temperature sensory loss, mild weakness bilaterally (Medical
Frontiers in Immunology | www.frontiersin.org 2302
Research Council: 4/5 in right leg; 4+/5 in left leg; 4+/5 in left
upper extremity), with an exaggerated deep tendon reflexes and
positive Babinski signs bilaterally. Routine workup including
complete blood count, basic metabolic panel, and serum
autoimmune panel were normal. Spinal magnetic resonance
imaging (MRI) with contrast were obtained, revealing multiple
T1-isointense and T2-hyperintense patchy lesions along the
cervical, thoracic, lumbar segments, each extending over one to
two vertebral segments. There was mild swelling of the conus
medullaris (Figures 2A–C). The lesions were characterized by an
unclear demarcation, eccentric axial location, and vague
enhancement. MRI of the brain with enhancement and spinal
magnetic resonance angiography (MRA) were unremarkable.
Cerebrospinal fluid (CSF) analysis demonstrated normal white
cell count, glucose, and protein. Infectious tests were negative.
Immunoglobulin G (IgG) index was 0.54. Oligoclonal bands
(OCB) were positive.

Based on her clinical course, OCB positivity, lack of CSF
pleocytosis, and radiological findings, a working diagnosis of
inflammatory/demyelinating myelitis was favored. The patient
received empirical steroid pulse therapy (500 mg/d intravenous)
for 5 days with a gradual oral tapering, upon which the weakness
significantly ameliorated and the paraesthesia improved.
However, the patient returned to the clinic when on 10 mg/d
prednisolone and reported aggravation of numbness and
FIGURE 1 | Clinical course and treatment in the case. The x-axis indicates
the number of months after disease onset. The y-axis denotes the clinical
course documented by EDSS scores. Relapses are indicated by stars.
Steroid use and tapering are depicted with blue right-angled triangles.
Immunosuppressant use is depicted with blue bars. AZA, azathioprine; EDSS,
Expanded Disability Status Scale; RTX, rituximab.
FIGURE 2 | Spinal MRI of the first and third attack. (A–C) Cervical (T2-weighted imaging) and thoracic (fat-saturated T2-weighted imaging) spinal MRI of the initial
attack revealed multiple T2-hyperintense lesions throughout the spinal cord. Axial fat-saturated T1-weighted imaging with contrast enhancement showed eccentric
lesions with patchy enhancement. (D–F) Repeat spinal MRI showed new lesions along the cervical and thoracic cord with resolution or attenuation of previous
lesions. No enhancement was seen on axial fat-saturated T1-weighted imaging. Lesions were indicated by white arrowheads. MRI, magnetic resonance imaging.
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weakness. Repeat thoracic MRI showed multiple patchy short-
segment lesions and no new lesions were detected. The dose of
prednisolone was increased to 25 mg/d, upon which, the
symptoms alleviated.

Unfortunately, 2 months after steroid cessation, the patient
had another attack with leg numbness consistent with myelitis.
Repeat spinal MRI revealed new patchy lesions and resolution of
previous lesions. Brain MRI this time showed multiple
juxtacortical and brainstem lesions with an ovoid shape
(Figures 3A–C), which was not present at her initial
presentation. Till now, the patient reached both the temporal
and spatial dissemination criteria of clinically definite MS.
Another course of intravenous methylprednisolone (500 mg/d)
was initiated with a complete remission of symptoms. Given the
lack of officially approved disease modifying therapy (DMT)
drugs in China at that time, azathioprine (AZA) with a dose of 50
mg twice per day was initiated for disease prevention.

Six months later after the second attack, upon cessation of
AZA treatment herself, the patient returned with the third
relapse. The patient was readmitted for further evaluation.
Serum MOG antibody testing (commercially available fixed
cell-based assay employing full-length MOG antigen
[Euroimmun]) returned positive with a titer of 1:32. Serum
aquaporin 4 antibody testing was negative. Repeat spinal MRI
revealed co-existence of both new lesions and old lesions along
the cervical and thoracic cords (Figures 2D–F). Repeat brain
Frontiers in Immunology | www.frontiersin.org 3303
MRI showed new lesions adjacent to the posterior horn of the
lateral ventricle and resolution of the subcortical and brainstem
lesions (Figures 3D–F).

Diagnostic Assessment
Given the constellation of recurrent short-segment myelitis,
serum MOG antibody positivity and prominent therapeutic
response to and dependence on steroid, the diagnosis of
MOGAD was made. We initiated methylprednisolone pulse
therapy (1000 mg for 5 days) followed by a slow tapering over
6 months. The maintenance regimen was discussed with the
patient. Lower-dose rituximab (RTX) was chosen considering its
relative efficacy and safety profile (5, 6). RTX was started with an
initial dose of 1000 mg and a maintenance dose of 500 mg every
half year. During the 2-year follow-up, the patient remained
relapse-free, and no adverse events were observed. The patient
declined repeat brain or spinal imaging due to an absence of
clinical signs or symptoms.
DISCUSSION

Our case, along with an increasing number of reports (Table 1),
suggests a proportion of MOGAD with initial phenotypes
suggestive of MS (2–4). The presence of lesions with shapes
and distributions compatible with MS, as well as her OCB
FIGURE 3 | Brain MRI of the second and third attack. (A–C) Brain MRI (fat-saturated T2-weighted fluid attenuated inversion recovery imaging) at the second attack
showed ovoid juxtacortical and pontine lesions. (D–F) Repeat MRI (T2-weighted fluid attenuated inversion recovery imaging) at the third attack after steroid cessation
showed new lesions adjacent to the left posterior horn of the lateral ventricle and resolution of juxtacortical and pontine lesions. Lesions were indicated by white
arrowheads. MRI, magnetic resonance imaging.
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positivity led to the initial misdiagnosis of MS. However, her
serum MOG antibody seropositivity (cell-based assay), the
suitable clinical picture of recurrent myelitis involving the
conus medullaris, and a substantial dependency on steroids all
supported the final diagnosis of MOGAD.

Though considered as distinct disorders, manifestations of
MS and MOGAD may overlap. Among them, short-segment
myelitis constitutes the initial presentation in more than half of
multiple sclerosis (MS), up to 53% of MOGAD (1, 7–9) and 15%
of neuromyelitis optica spectrum disorder (10, 11). In addition,
around 6% to 17% of MOGAD patients have positive CSF OCB
(12, 13) and 33% may fulfill the McDonald diagnostic criteria (1,
9). Also, given their overlapping presentations, differentiation
between the two disorders is extremely important based mainly
on two reasons: 1) maintenance therapy of MS and MOGAD
differs greatly: on the one hand, DMT are mainly used in patients
with MS; on the other, patients with MOGAD are particularly
responsive to antibody-depleting treatments, but may even
deteriorate with DMT (1, 14); 2) MOGAD is associated with a
high risk offlare-ups after cessation of steroid treatment and may
thus require close monitoring and careful steroid tapering at least
over 6 months (14).

The conundrum, however, lies in the selection of patients
based on the trade-off between the highest diagnostic yield and
unnecessary testing. The presence of short-segment myelitis or
intrathecally restricted OCBs should not exclude a diagnosis of
MOGAD. Further, serum MOG antibody testing is warranted in
patients with the following features, even if the McDonald
criteria were fulfilled: 1) recurrent myelitis with or without
brain lesions; 2) conus medullaris involvement, especially if
present at onset; 3) unsatisfied disease control with steroid or
DMT, i.e., frequent flare-ups during steroid tapering or after
steroid cessation, or relapses even during DMT use (7, 9, 10).
Notably, the clinical clues become more important with a low-
titer MOG antibody testing result. In our case, a titer of 1:32 with
fixed assays needs to be interpreted with caution (15). It is critical
to evaluate the clinical phenotype and diagnosis based solely on
antibody testing should be avoided (16). It is the constellation of
recurrent myelitis, lack of brain lesions at the first episode,
involvement of conus medullaris, and a remarkable steroid
dependence that led to the final diagnosis of MOGAD.

The emerging recognition of MOG patients with MS-like
phenotypes also holds therapeutic implications. MOGAD
exhibits a poor response to DMTs, including interferon-beta
and glatiramer, further supporting the notion that MOGAD and
MS belong to distinct entities. Rather, a heterogeneous efficacy
could be achieved with mycophenolate mofetil, AZA, RTX, or
oral prednisolone (17). In particular, RTX, a B-cell depleting
agent, was reported to reduce relapse rate by around 40% when
used in treatment naive patients (18). However, around 80% of
relapses continued despite robust B-cell depletion. Therefore,
identifying those RTX-responsive patients when determining the
therapeutic strategy would be of great value. Interestingly, in the
eight patients with clinical phenotypes suggestive of MS but
ultimately diagnosed with MOGAD (Table 1), there is a
consistent response in all four patients treated with RTX. It
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may offer preliminary indications that MOGAD patients with
MS-like presentations might be optimal candidates for
RTX treatments.

Despite the efficacy of RTX in a proportion of MOGAD
patients, there lacks a consensus on its standard use. Notably, in
our case, we chose a lower-dose regimen of RTX (two initial
infusions of 500 mg given a fortnight apart and subsequent
infusions of 500 mg every 6 months). The regimen of 500 to
1,000 mg is originally adopted from clinical trials in rheumatoid
arthritis (19, 20). One reason to choose the lower end of the
spectrum lies in the relative smaller body habitus of the Asian
population, indicating a smaller body surface area and a lower
tolerability to RTX (21). Furthermore, previous literature also
noted no significant difference in clinical response with high-
dose (2 × 1,000 mg) and lower-dose (2 × 500 mg) RTX regimens
in rheumatoid arthritis (19). In neuroinflammatory diseases,
such as neuromyelitis optica, responsiveness could be also
achieved with an even lower dose of RTX (100mg weekly for 4
weeks) in Chinese patients (21). Our patient with MOGAD
further supports the notion that therapeutic objectives might
be achieved with a lower-dose RTX regimen in Chinese patients.

In conclusion, our case highlights the importance in
differentiating between MS and MOGAD in patients with
recurrent short-segment myelitis, especially with conus
medullaris involvement and unsatisfied therapeutic response.
Frontiers in Immunology | www.frontiersin.org 5305
Serum MOG antibody testing would aid in the correct
diagnosis and initiation of appropriate treatment.
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Antibody-mediated disorders of the central nervous system (CNS) are increasingly

recognized as neurologic disorders that can be severe and even life-threatening

but with the potential for reversibility with appropriate treatment. The expanding

spectrum of newly identified autoantibodies targeting glial or neuronal (neural) antigens

and associated clinical syndromes (ranging from autoimmune encephalitis to CNS

demyelination) has increased diagnostic precision, and allowed critical reinterpretation

of non-specific neurological syndromes historically associated with systemic disorders

(e.g., Hashimoto encephalopathy). The intracellular vs. cell-surface or synaptic location

of the different neural autoantibody targets often helps to predict the clinical

characteristics, potential cancer association, and treatment response of the associated

syndromes. In particular, autoantibodies targeting intracellular antigens (traditionally

termed onconeural autoantibodies) are often associated with cancers, rarely respondwell

to immunosuppression and have a poor outcome, although exceptions exist. Detection

of neural autoantibodies with accurate laboratory assays in patients with compatible

clinical-MRI phenotypes allows a definite diagnosis of antibody-mediated CNS disorders,

with important therapeutic and prognostic implications. Antibody-mediated CNS

disorders are rare, and reliable autoantibody identification is highly dependent on the

technique used for detection and pre-test probability. As a consequence, indiscriminate

neural autoantibody testing among patients with more common neurologic disorders

(e.g., epilepsy, dementia) will necessarily increase the risk of false positivity, so that

recognition of high-risk clinical-MRI phenotypes is crucial. A number of emerging clinical

settings have recently been recognized to favor development of CNS autoimmunity.

These include antibody-mediated CNS disorders following herpes simplex virus

encephalitis or occurring in a post-transplant setting, and neurological autoimmunity

triggered by TNFα inhibitors or immune checkpoint inhibitors for cancer treatment.

Awareness of the range of clinical and radiological manifestations associated with

different neural autoantibodies, and the specific settings where autoimmune CNS

disorders may occur is crucial to allow rapid diagnosis and early initiation of treatment.

Keywords: limbic encephalitis/encephalopathy, immune checkpoint inhibitors, autoantibody testing,

paraneoplastic, myelin oligodendrocyte glycoprotein, aquaporin-4
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INTRODUCTION

The spectrum of immune-mediated neurologic disorders is
rapidly expanding with the growing understanding of diverse
disease mechanisms that can lead to central and/or peripheral
nervous system inflammation (1, 2). Antibody-mediated
disorders of the central nervous system (CNS) represent a
distinct subgroup of immune-mediated neurologic disorders
characterized by the presence of autoantibodies directed against
specific neuronal or glial target antigens (generically referred as
neural autoantibodies) mostly expressed in the CNS, and which
share several distinctive clinical and MRI features. Novel neural
autoantibodies continue to be discovered but “seronegative”
autoimmune CNS disorders do occur in clinical practice as
not all antibodies have been identified, and some autoimmune
CNS disorders may be driven by predominant cell-mediated
mechanisms not harboring an accompanying autoantibody (3).
Clinical and MRI diagnostic criteria have been published to
facilitate identification of these seronegative forms (1).

In this article, we will review the main clinical syndromes and
MRI characteristics associated with neural autoantibodies
directed against CNS antigens, and discuss commonly
encountered challenges for diagnosis and management.
Since not all target antigens are exclusively expressed in the
CNS, certain neural autoantibodies are associated with complex
clinical syndromes characterized by concomitant CNS and
extra-CNS manifestations. On the contrary, neurological
syndromes associated with autoantibodies exclusively targeting
neuromuscular structures (e.g., myasthenia gravis) will not be
discussed in this article; yet share many similarities in terms of
pathophysiology and management.

Principles of Autoimmune Neurology
Neural autoantibodies are generally classified on the basis of
the cellular location of their target antigens, intracellular vs.
cell-surface or synaptic (4). As a general rule, autoantibodies
targeting intracellular antigens (e.g., nuclear, cytoplasmic) that
are not accessible for antibody binding are thought not
to be directly pathogenic but rather represent biomarkers
of a predominantly cell-mediated cytotoxic process (5). On
the contrary, antibodies targeting cell-surface or synaptic
antigens act via direct binding to their target and are more
likely to be directly pathogenic (6). Proposed mechanisms of
antibody-mediated cell damage/dysfunction include blockade
and internalization of the target antigen (7, 8), antibody-
dependent complement activation and cellular cytotoxicity (9),
inhibition of protein-protein interactions with subsequent loss
of cellular connectivity (10), and disruption of the cytoskeletal
architecture (11, 12). Autoantibodies targeting glial antigens (e.g.,
AQP4, GFAP, MOG) are predominantly associated with CNS
demyelination or perivascular inflammation but may indirectly
lead to neuronal loss via disruption of their oligodendrocytic
or astrocytic targets (e.g., glutamate excitotoxicity secondary
to AQP4 antibody-mediated astrocytic dysfunction) (13). For
both neuronal and glial targets, clinically relevant neural
autoantibodies are generally of the IgG1 and IgG3 subclasses
(14), although with some such as CASPR2, LGI1, and IgLON5

the IgG4 subclass is frequent and may predominate (10, 15).
Concomitant detection of more than one neural autoantibody
may rarely occur (16).

The cellular location of the target antigens also has
clinical implications. Antibodies targeting intracellular antigens
are rare in children, have a stronger cancer association
(onconeural antibodies), and generally respond less well to
immunosuppressive treatments (17); while antibodies targeting
cell-surface/synaptic antigens are better recognized to occur
in both children and adults (18, 19), are less commonly
paraneoplastic, and often respond well to immunosuppression
(6), although exceptions exist for each group. Tables 1, 2

summarize the main antibodies targeting intracellular and cell-
surface antigens, respectively, and their commonly associated
neurological syndromes and cancers (if any).

Importance of Neural Autoantibody
Detection in Clinical Practice
Identification of specific neural autoantibodies in patients with
suspected autoimmune neurologic disorders provides important
advantages to the clinician, including:

(1) Diagnostic confirmation—confirming a diagnosis of
autoimmune neurologic disorder is crucial to avoid treatment
delays, inappropriate treatments for other disorders, and
unnecessary diagnostic procedures (e.g., brain biopsy) (1);

(2) Treatment precision—specific treatments often differ
between different antibody-mediated disorders, but also
from other immune-mediated disorders without specific
neural autoantibodies. For instance, disease modifying agents
commonly used to treat multiple sclerosis (e.g., interferon,
fingolimod) may be ineffective or even worsen AQP4 and MOG
antibody-associated disorders (20–22);

(3) Cancer prediction—certain neural autoantibodies are
strongly associated with specific types of cancer, and can appear
months to years before the cancer becomes clinically manifest
allowing early diagnosis and treatment (16).

However, neural autoantibody testing is not flawless, and its
reliability depends on a number of factors including the type
of laboratory assay used for detection, the characteristics of the
population tested, and the clinical setting.

DIAGNOSIS OF ANTIBODY-MEDIATED
CNS DISORDERS

There are two major requirements for a correct diagnosis of
antibody-mediated CNS disorder to be made: (1) a reliable
identification of one or more specific neural autoantibodies; and
(2) a compatible clinical-MRI phenotype.

Identification of Compatible Clinical-MRI
Phenotypes
Except for some highly suggestive syndromes, the clinical
manifestations of antibody-mediated CNS disorders are
often nonspecific (e.g., encephalopathy, status epilepticus)
and indistinguishable from those of other non-inflammatory
etiologies (e.g., metabolic, neoplastic, infectious) so that
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TABLE 1 | Demographic, clinical, and oncologic associations for neural autoantibodies targeting intracellular antigens.

Neural antibody

target

Typical age range and gender affected Clinical syndrome Cancer association % (cancer

type)

AK5 Age 60–70; possible male predominance Limbic encephalitis <10%

AGNA1(SOX1) Age 60–70; no gender predominance Lambert eaton myasthenic syndrome >80% (SCLC)

Amphiphysin Age 60–70; slight female predominance Limbic encephalitis, stiff-person syndrome, cerebellar

ataxia, myelopathy, polyradiculoneuropathy

>80% (SCLC, breast cancer)

ANNA-1/Hu Age 60–70; slight female predominance Limbic encephalitis, cerebellar ataxia, sensory

neuronopathy and other neuropathies, dysautonomia,

and gastrointestinal dysmotility, myelopathy (uncommon)

> 80% (SCLC, occasionally

neuroblastoma in children)

ANNA-2/Ri Age 60–70; slight female predominance Brainstem syndrome (e.g., opsoclonus-myoclonus, jaw

dystonia), cerebellar ataxia, peripheral neuropathy,

myelopathy

>80% (SCLC, breast cancer)

ANNA-3 Age 50–60; 70% female Limbic encephalitis, cerebellar ataxia, peripheral

neuropathy, myelopathy

>80% (SCLC)

BRSK2 Unknown Limbic encephalitis >80% (SCLC)

CARP VIII Age 60–80; possible female predominance Cerebellar ataxia >80% (Melanoma, ovarian tumors)

CRMP-5/CV2 Age 60–70; no gender predominance Encephalitis, chorea, cerebellar ataxia, optic neuropathy,

other cranial neuropathies, myelopathy,

polyradiculoneuropathy

>80% (SCLC, thymoma)

GAD65 Age 50–60 (earlier in patients with

epilepsy); 70% women

Limbic encephalitis, focal-onset seizures, stiff-person

spectrum disorders, cerebellar ataxia

<10%

GFAP Age 50–60; slight female predominance Meningoencephalomyelitis, optic disc edema 25% (Ovarian teratoma)

GRAF/ARHGAP26 Unknown, adult age; possible female

predominance

Cerebellar ataxia Possible association with ovarian

carcinoma

ITPR1 Age 60–70; 70% women Cerebellar ataxia, peripheral neuropathy, encephalitis

with seizures, myelopathy

30–40% (Breast cancer)

Kelch11 Age 40-50; 100% men Ataxia, hearing loss, encephalopathy >80% (Testicular seminoma)

LUZP4* Age 40–50; >90% men Rhombencephalitis, limbic encephalitis, seizures >80% (Germ-cell tumors)

Ma2/Ta Age 60–70 in women, 30–40 in men; male

gender most affected (70%)

Some combination of limbic, diencephalic and brainstem

encephalitis

>80% (Testicular germ-cell tumors in

young males, lung cancer in other

patients)

Neurochondrin Age 40–50; possible female predominance Cerebellar ataxia, brainstem dysfunction, myelopathy <20%

NIF Age 60–70; no gender predominance Cerebellar ataxia, encephalopathy, myelopathy 75% [SCLC or other neuroendocrine

(e.g., Merkel cell skin cancer)]

PCA-1/Yo Age 60–70; strong female predominance

and rarely seen in men

Cerebellar ataxia, peripheral neuropathy (uncommon),

myelopathy (uncommon)

>80% (ovarian, fallopian tube, or

breast carcinomas)

PCA-2/MAP1B Age 60–70; 70% women Encephalopathy, limbic encephalitis, cerebellar ataxia,

polyradiculoneuropathy

>80% (SCLC)

PDE10A Age 60–80; no clear gender predominance Hyperkinetic movement disorders, parkinsonism >80% (various)

Protein kinase C Age 40–70; no clear gender predominance Cerebellar ataxia >80% (Non–small cell lung cancer,

hepatobiliary adenocarcinoma)

TRIM46 Age 60–80; possible male predominance Encephalitis, cerebellar ataxia >60% (SCLC)

ZIC4 Age 60–70; male predominance Cerebellar ataxia >80% (SCLC)

*Often coexist with Kelch11 autoantibodies.

AK5, adenylate kinase 5; AGNA1, Anti-glial nuclear antibody type 1; ANNA-1, Anti-neuronal nuclear antibody type 1; ANNA-2, Anti-neuronal nuclear antibody type 2; ANNA-3, Anti-

neuronal nuclear antibody type 3; BRSK2, BB serine/threonine kinase 2; CARP VIII, Carbonic anhydrase-related protein VIII; CRMP5, collapsin response mediator protein-5; GAD65,

glutamic acid decarboxylase-65; GFAP, glial fibrillary acidic protein; Kelch11, Kelch-like protein 11; LUZP4, Leucine zipper 4; MAP1B, microtubule-associated protein 1B; NIF, neuronal

intermediate filament; PCA-1, Purkinje cell cytoplasmic antibody type 1; PCA-2, Purkinje cell cytoplasmic antibody type 2; PDE10A, phosphodiesterase 10A; SCLC, small cell lung

cancer; TRIM46, tripartite motif 46.

exclusion of alternative and more common diagnoses is
mandatory (23–25). An acute to subacute onset of neurological
deficits over days to few weeks is characteristic and should
always raise the suspicion for an autoimmune CNS disorder (1),
although a more slowly progressive clinical presentation can be
seen with certain autoantibodies (e.g., DPPX, GFAP, and IgLON5
autoantibodies) (26–28). At nadir, the clinical syndromes
are frequently severe and often involve multiple functional

neurologic domains (29). For instance, focal epileptic seizures
or behavioral changes may occur in isolation at onset but often
evolve rapidly to status epilepticus and/or encephalopathy, which
can help diagnostically to distinguish from isolated epilepsy,
psychiatric disorders, or typical neurodegenerative dementia
(30–32). Different scoring systems have been designated to help
clinicians determine the likelihood of autoantibody detection
in patients with different neurological manifestations (33–35).
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TABLE 2 | Demographic, clinical, and oncologic associations for neural autoantibodies targeting extracellular cell-surface/synaptic antigens.

Neural

antibody

target

Typical age range and gender

affected

Clinical syndrome Cancer association % (cancer

type)

AMPAR Age 60–70; >70% women Limbic/extra-limbic encephalitis 60% (SCLC, thymoma)

AQP4 Age 30–40; 90% women Optic neuritis, myelitis, area postrema syndrome, encephalopathy

(uncommon)

<20%

CASPR2 Age 60–70; >70% men Limbic encephalitis, focal-onset seizures, episodic cerebellar

ataxia, peripheral nervous system hyperexcitability +/– central and

autonomic hyperxcitablility (Morvan’s syndrome), neuropathic pain

<10% (Thymoma)

DPPX Age 50–60; >60% men Encephalopathy, brainstem syndromes, central nervous system

hyperexcitability, gastrointestinal dysmotility, diarrhea, weight loss

<10% (B-cell malignancies)

GABAAR Age 40–50; no gender predominance Focal-onset seizures, encephalopathy, hyperkinetic movement

disorders

25% (Thymoma)

GABABR Age 60–70; no gender predominance Limbic encephalitis with refractory seizures 50% (SCLC)

GlyR Age 40–60; no gender predominance Progressive encephalomyelitis with rigidity and myoclonus, other

stiff-person spectrum disorders

20% (Thymoma)

mGluR1 Age 50–60; no gender predominance Ataxia, dysgeusia 20% (Lymphoma)

mGluR5 Age 20–30; no gender predominance Limbic/extra-limbic encephalitis, focal-onset seizures, hyperkinetic

movement disorders

60% (Hodgkin’s lymphoma)

IgLON5 Age 60–70; no gender predominance Sleep disturbances, bulbar symptoms, ataxia, chorea <10%

LGI1 Age 60–70; >60% men Limbic encephalitis, focal-onset seizures (e.g., faciobrachial

dystonic seizures), sleep disturbance, hyponatremia

<10% (Thymoma)

MOG Age any, children over-represented; no

gender predominance

Acute disseminated encephalomyelitis, unilateral cortical

encephalitis, optic neuritis, myelitis

<10%

Neurexin 3α Age 40–50; possible female

predominance

Encephalopathy, oro-facial dyskinesias, central hypoventilation Unknown

NMDAR Age 20–30; 80% women Encephalopathy, speech disorders, seizures, dyskinesias,

dysautonomia, hypoventilation

40% (Ovarian teratoma in females

age 12–45; tumor is rare in males

and females <12 years of age)

PCA-Tr/DNER Age 60–70; >70% men Cerebellar ataxia >80% (Hodgkin’s lymphoma)

VGCC

(P/Q-type)*

Age 50–60; slight female

predominance

Lambert eaton myasthenic syndrome 50–80% (SCLC)

*Reported in association with ICI neurological irAE.

AchR, acetylcholine receptor; AMPAR, α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor; AQ4, aquaporin-4; CASPR2, contactin-associated protein-like 2; DNER,

delta/notch-like epidermal growth factor–related receptor; DPPX, dipeptidyl-peptidase–like protein 6; GABAAR, gamma-aminobutyric acid (A) receptor; GABABR, gamma-aminobutyric

acid (B) receptor; IgLON5, immunoglobulin-like cell adhesion molecule 5; LGI1, leucine-rich glioma-inactivated 1; mGluR1, metabotropic glutamate receptor 1; mGluR5, metabotropic

glutamate receptor 5; MOG, myelin oligodendrocyte glycoprotein; NMDAR, N-methyl-D-aspartate receptor; PCA-Tr, Purkinje cell cytoplasmic antibody Type Tr; SCLC, small cell lung

cancer; VGCC, voltage-gated calcium channel.

Viral-like prodromes or vaccinations are not uncommon at or
before symptom onset (26–28, 36). An inflammatory CSF with
>5 white blood cells/mm3 with or without oligoclonal bands
is useful to help distinguish from non-inflammatory mimics
when present, but its frequency might decrease in the elderly or
depend on the antibody associated (37). The detection of specific
abnormalities on brain and/or spinal cord MRI may support
the diagnosis and help differentiation from other etiologies,
although a normal MRI is well-recognized with a number of
neural antibodies (23). Examples of MRI abnormalities seen with
different neural autoantibodies are shown in Figure 1 and have
been reviewed in detail recently elsewhere (38).

Paraneoplastic and Non-demyelinating Syndromes

Suggestive for an Antibody-Mediated Etiology
Limbic encephalitis is one of the most common phenotypes
and can be seen in association with a wide variety of neural

autoantibodies (Tables 1, 2) (39). It is characterized by acute-
subacute onset of short memory impairment, behavioral changes,
altered mental status, and/or seizures (40). Brain MRI often
shows unilateral or bilateral T2-hyperintensity of the mesial
temporal lobes (Figures 1A,B), with or without associated
enhancement. The main differential diagnosis is with herpes
simplex virus encephalitis (41), neoplasms (42), and seizures
(43). Autoimmune limbic encephalitis is more commonly
bilateral and infrequently extends outside the mesial temporal
lobes, although acute distinction can be challenging based
on MRI alone.

Progressive encephalopathy with rigidity and myoclonus
(PERM) is a rare phenotype characterized by the occurrence
of muscular rigidity, spasms, and myoclonus in association
with encephalopathy and usually accompanied by a normal
MRI head and spine (44). This syndrome is part of the stiff-
person spectrum disorders and is mostly seen with GAD65 and
GlyR autoantibodies; autoimmune cerebellar ataxia and epilepsy
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FIGURE 1 | MRI abnormalities in patients with paraneoplastic and other non-demyelinating antibody-mediated CNS disorders. (A) Paraneoplastic limbic encephalitis

with antineuronal nuclear antibody type 1 (ANNA-1/anti-Hu) with MRI head axial FLAIR image revealing unilateral T2-hyperintensity in the right mesial temporal lobe

[(A), arrow]; (B) Paraneoplastic narcolepsy-cataplexy and limbic encephalitis with Ma-2/Ta antibodies and MRI axial FLAIR image revealing bilateral T2-hyperintensity

in the hypothalamus [(B), arrows] and bilateral mesial temporal lobes [(B), arrowheads]; (C) Progressive cerebellar ataxia with neurochondrin autoantibodies and MRI

head sagittal T1-weighted images without gadolinium revealing severe cerebellar atrophy [(C), arrow]; (D) Facio-brachial dystonic seizures with

leucine-rich-glioma-inactivated-1 (LGI1) antibodies with MRI head axial T1-weighted images without contrast administration revealing T1-hyperintensity in the left

basal ganglia [(D), arrow]; (E) Paraneoplastic myelopathy accompanying small cell lung cancer without an identified neural autoantibody with MRI spine T1-weighted

sagittal and axial images with gadolinium revealing enhancement within the spinal cord parenchyma [(E1, E2): arrows] which on axial images was restricted to the

bilateral lateral columns [(E2), arrows) which is a hallmark imaging finding with paraneoplastic myelopathy; (F) Paraneoplastic encephalitis with

α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptor antibodies and 18F-Flludeoxyglucose-positron-emission-tomography (FDG-PET) body

revealing markedly increased glucose uptake in the right paratracheal region [(F), arrow] with subsequent biopsy revealing metastatic small cell lung cancer.

may also coexist with GAD65 antibodies (45, 46). Tetanus and
malignant hyperthermia are among the differential diagnosis.

Morvan syndrome is defined by the co-occurrence of
encephalopathy and peripheral nerve hyperexcitability (irregular
muscle contractions, fasciculations, and cramping), insomnia,
hyperhidrosis and is frequently seen with LGI1 and Caspr2
autoantibodies (47, 48).

Facio-brachial dystonic seizures (FBDS) are short-lasting
dystonic movements primarily affecting the arm and face on one
side, with a high daily frequency (up to 40–60 times per day) (49).
These seizures are highly specific for LGI1 autoantibodies and
can be accompanied by basal ganglia hyperintense lesions on T1
(Figure 1D) or T2-weighted sequences without gadolinium (50).

Opsoclonus-myoclonus syndrome is characterized by rapid,
multi-directional eye movement and diffuse muscle jerks,
often in association with ataxia. This syndrome can be
seen in children with neuroblastoma and ANNA1/anti-Hu
antibodies but also in adults with breast or lung cancers and
ANNA2/anti-Ri antibodies (51, 52). Laryngospasm and neck
or jaw-opening dystonia can also occur with the paraneoplastic
neurologic syndrome accompanying ANNA-2/anti-Ri
antibodies (52).

Multifocal, large cortico-subcortical lesions on brain MRI
in association with refractory status epilepticus are typically
found with antibodies targeting GABAAR and may occur in
children (53). A similar MRI appearance is seen with MELAS

(mitochondrial encephalomyopathy, lactic acidosis, and stroke-
like episodes) (54).

Demyelinating Syndromes Suggestive for an

Antibody-Mediated Etiology (Figure 2)
Acute disseminated encephalomyelitis (ADEM) or ADEM-like
phenotypes are characterized clinically by encephalitis and/or
myelitis accompanied by large T2-hyperintense demyelinating
lesions in multiple CNS regions on MRI (spinal cord, brain,
and/or optic nerves). Large T2 hyperintensities with indistinct
margins can be encountered and involve the middle cerebellar
peduncle (Figure 2A1) in the infratentorial region or deep
gray matter in the supratentorial region (19, 55–57). MOG
antibodies are found in 30–50% of ADEM patients while AQP4
autoantibodies account for a much smaller proportion of cases
(<5%) (2, 19, 58). In contrast to multiple sclerosis, oligoclonal
bands are detected in only a minority (<20%) of patients with
these autoantibodies (59–61).

Area postrema syndrome, characterized by intractable
nausea, vomiting, and/or hiccups, from involvement of the
vomiting center where aquaporin-4 is particularly enriched
and accompanying T2-abnormalities in the dorsal medulla
(Figure 2B1) are typical of this syndrome which associated with
AQP4 autoantibodies (62). AQP4 is also enriched around the
3rd ventricle where T2-lesions also occur (Figure 2B2).

Frontiers in Neurology | www.frontiersin.org 5 July 2021 | Volume 12 | Article 673339311

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Sechi and Flanagan Antibody-Mediated CNS Disorders

FIGURE 2 | MRI head, orbit, and spine examples in patients with CNS demyelinating disease from (A) Myelin Oligodendrocyte Glycoprotein-IgG antibody associated

disorder and (B) Aquaporin-4-IgG seropositive neuromyelitis optica spectrum disorder. (A) Myelin Oligodendrocyte Glycoprotein-IgG (MOG) autoantibody associated

disorder (MOGAD). Head MRI axial FLAIR images revealing characteristic large unilateral T2-hyperintense lesion in the right middle cerebellar peduncle with indistinct

margins [(A1), arrow] in a patient a cerebellar attack and unilateral cortical T2-hyperintensities and swelling [(A2), arrows] in a patient with a unilateral cortical

encephalitis attack. MRI orbits axial post-gadolinium images revealed bilateral anterior optic nerve enhancement with swelling [(A3), arrows] in a patient with bilateral

optic neuritis. Thoracic spine MRI sagittal T2-weighted image reveals characteristic T2-hyperintensity with swelling within the conus [(A4), arrow] in the setting of a

transverse myelitis attack. (B) Aquaporin-4-IgG seropositive neuromyelitis optica spectrum disorder. Sagittal T2-weighted brain image reveals T2-hyperintensity in the

dorsal medulla adjacent to the 4th ventricle [(B1), arrow] in in a patient with an area postrema attack resulting in intractable nausea, vomiting and hiccups; MRI head

axial FLAIR image reveals T2-hyperintensity adjacent to the 3rd ventricle [(B2), arrow] and an additional T2-hyperintense lesion in the medial temporal lobe [(B2),

arrowhead]; MRI of the head and orbits with axial T1-weighted image post-gadolinium reveals enhancement of the optic chiasm [(B3), arrow]; Cervical spine MRI

sagittal T2-weighted image reveals a longitudinal extensive T2-hyperintense lesion extending more than 3 vertebral segments [(B4), arrows] in a patient with a

transverse myelitis attack.

Optic neuritis is non-specific and may occur in association
with different neural autoantibodies, but is particularly common
in patients with antibody-mediated CNS demyelination,
especially when recurrent and/or bilateral. An anterior optic
neuritis involving >50% of the optic nerve length is more
common with MOG antibodies (Figure 2A3); while involvement
of the optic chiasm and posterior segment of the optic nerves is
typical of AQP4 antibodies (Figure 2B3) (63, 64).

Myelitis lesions that are longitudinally-extensive (spanning
≥3 contiguous vertebral body segments on T2-weighted images
on spine MRI) are also typical of both AQP4 antibodies
(Figure 2B4) and MOG autoantibodies and may occur in
isolation, accompanied by unilateral or bilateral optic neuritis
(neuromyelitis optica), or concomitant brain involvement
(65, 66). Conus involvement (Figure 2A4) can be a clue to
MOG antibody-associated disorder and neurogenic bowel,
bladder, and/or sexual dysfunction are common in conjunction
with this (67, 68). Spinal cord MRI can be initially normal
in myelitis patients with MOG autoantibodies (69). GFAP
autoantibodies are also associated with longitudinally extensive
spinal cord involvement but generally in the context of a
meningo-encephalo-myelitis (70). Among non-demyelinating
antibody-mediated CNS disorders, longitudinally extensive

tract-restricted MRI abnormalities on T2 and T1-post
gadolinium sequences, particularly along lateral columns
(Figure 1E), are characteristic of the rare paraneoplastic
myelopathies and most often accompanied by CRMP5/anti-CV2
or amphiphysin autoantibodies (71).

Unilateral cortical FLAIR-hyperintense lesions in anti-MOG-
associated encephalitis with seizures (FLAMES) is a less common,
but quite characteristic clinical-MRI phenotype seen with MOG
autoantibodies (72, 73). Patients typically present with headache,
fever, unilateral cortical deficit (e.g., aphasia, hemisensory
loss) and seizures, accompanied by cortical enlargement
and hyperintensity on FLAIR MRI sequences (Figure 2A2),
sometimes with concomitant leptomeningeal enhancement (74).
CSF pleocytosis is found in the vast majority of these patients,
and can by very high mimicking an infectious process.

Other less specific syndromes include a diencephalic
syndrome of narcolepsy and cataplexy with Ma2 antibody
encephalitis (Figure 1B) or a brainstem encephalitis which
can associate with Ma2 or Kelch-like-11 autoantibodies with
hearing loss, vertigo and tinnitus a clue to the latter; both
are associated with testicular tumors (75, 76). A progressive
cerebellar ataxia syndrome can occur with a wide range of
neural autoantibodies (Tables 1, 2) which may over time lead to
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cerebellar atrophy (Figure 1C). When this occurs in the setting
of an underlying cancer, the term paraneoplastic cerebellar
degeneration is used (77); rarely an episodic ataxia has been
reported in association with CASPR2 antibodies (78), although
needs to be distinguished from paroxysmal dysarthria-ataxia
associated in multiple sclerosis (79). Chorea and hyperkinetic
movement disorders with basal ganglia T2-abnormalities onMRI
may occur with PDE10A and CRMP5 autoantibodies (80, 81);
while non-REM sleep disturbances are characteristically seen
with autoantibodies targeting IgLON5, sometimes in association
with progressive bulbar dysfunction and muscular fasciculations
that can mimic progressive supranuclear palsy or amyotrophic
lateral sclerosis (27, 82). Lastly, new onset refractory status
epilepticus (NORSE) is highly suggestive of CNS autoimmunity
and neural autoantibodies directed against either cell-surface or
intracellular targets can be detected in approximately one third
of patients (83).

Supportive Paraclinical Findings
Electroencephalography in patients with encephalitis is generally
non-specific showing diffuse or focal slowing or epileptiform
activity. A more characteristic pattern of rhythmic delta activity
at 1–3Hz with superimposed beta bursts at 20–30Hz (extreme
delta brush) is found in up to one third of patients with NMDAR
autoantibodies (84), although it can also be seen in patients
with non-autoimmune temporal lobe epilepsy, hypoxic-ischemic
encephalopathy, and brain neoplasms (85). The facio-brachial
dystonic seizures seen with LGI1 autoantibodies typically
show no EEG correlate during episodes possibly from their
short-lasting nature or potentially a deep origin in the basal
ganglia (86).

18F-fluorodeoxyglucose positron emission tomography
(FDG-PET) is more sensitive than brain MRI in patients
with autoimmune encephalitis and can show abnormal
hypometabolism, hypermetabolism, or both in a diffuse fashion
or restricted to certain brain areas (e.g., mesial temporal poles)
(87). Brain or spinal cord biopsy can be considered in uncertain
cases without neural autoantibodies detectable to confirm an
inflammatory origin of the neurological deficit.

Cancer Search
In general, a CT chest, abdomen and pelvis is used as the
initial screen for cancer. FDG-PET can help identify occult
cancers before they become clinically manifest in patients with
onconeural autoantibodies (Figure 1F) and may improve the
sensitivity beyond CT in those in whom there is a high
suspicion for a paraneoplastic neurologic disorder (88, 89). Sex-
specific tests (e.g., mammogram, gynecologic/scrotal ultrasound)
should not be overlooked. Certain autoantibodies have a strong
association with specific types of cancer (Tables 1, 2) and their
detection should prompt cancer screening (17). Based on this,
the investigations to consider when assessing for cancer are
summarized in Table 3.

Neural Autoantibody Testing
Reliability of autoantibody positive results depends on the assay
and biospecimen (serum vs. CSF) used for testing, and the

setting in which the test is performed (90). Different laboratory
assays bear different specificity and sensitivity based on the
autoantibody tested and its characteristics, and not all the
assays are appropriate for all existing neural autoantibodies
(91). While a detailed description of the laboratory assays
commonly used for autoantibody testing is beyond the scope
of this article, it has recently been summarized elsewhere
(90). Most autoantibodies are initially identified by a technique
named tissue-based immunofluorescence (TIF). For this assay,
a composite of different sections of animal (e.g., mouse) brain
and non-brain tissue (which share a proportion of antigens
with the human tissue) are incubated with the serum and/or
CSF of the patient tested. If neural-tissue specific autoantibodies
are present (i.e., binding the brain sections but not the non-
brain ones), they can be detected by using a secondary anti-
human immunoglobulin antibody marked with a fluorescent
agent and visible on fluorescence microscopes. Based on the
distribution of the target antigens on the different brain sections
(e.g., selective staining of the hippocampus, cerebellum, or
combinations), different staining patterns can be recognized
(Figure 3). As a consequence, a big advantage of TIF is the
possibility of identifying as yet unrecognized neural-tissue
restricted staining patterns, which is the base for autoantibody
discovery. Once a known staining pattern is recognized on the
fluorescence microscope by the reader, a secondary assay is
generally used for confirmation. The most utilized confirmatory
assays are:

Cell-Based Immunofluorescence (Live or Fixed)
Human embryonic kidney (HEK) cells are transfected with
genes encoding the target antigen of interest, which is expressed
on the surface of the cell membrane. This technique allows
binding of the human autoantibodies to their target antigen
in its native conformational form and is generally the assay
of choice for antibodies targeting cell surface/synaptic antigens
(Figure 3C3) (92, 93). This technique may be used both to
confirm an assay detected on TIF or be used in isolation,
particularly for antibodies not reliably detected on TIF such
as AQP4-IgG in which the specificity and positive predictive
value are very high with this technique (>99%) despite being
confirmed on just a single assay (94). Live cell-based assays
have been shown to bear higher sensitivity and specificity than
assays using fixed cells for detection of different autoantibodies,
including AQP4-IgG and MOG-IgG (94, 95). This is likely due
to reduced affinity of the autoantibodies for their target antigen
after its tridimensional conformation has been altered by the
fixation process.

ELISA, Western or Line Blot, and

Radio-Immuno-Precipitation
These techniques allow recognition of solubilized antigens
by their specific human antibodies but not in a native
conformational form and are commonly used to detect
antibodies targeting intracellular antigens (96, 97). These older-
generation techniques have an increased risk of false positivity
when used in isolation and care is advised with interpretation of
isolated western or line blot results in particular (98, 99).
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TABLE 3 | Cancer investigations to consider in patients with neural autoantibodies with a high likelihood of an accompanying cancer.

Tumor Investigations to consider

Breast carcinoma Mammogram, ultrasound, MRI, CT body, PET-CT body for metastases

Gynnecologic cancers (ovary, fallopian tube, uterine) Ultrasound or CT of pelvis, PET-CT body, serum cancer antigen 125

Lymphoma CT body, PET-CT body

Lung cancer (typically small-cell) CT chest, PET-CT body

Melanoma, merkel cell carcinoma Skin examination, CT body, PET-CT body

Neuroblastoma Urine/serum catecholamines vanillylmandelic acid (VMA), homovanillic acid (HVA), metaiodobenzylguanidine

(MIBG) scan, CT or MRI body

Teratoma (ovarian or other) Transvaginal pelvic ultrasound, CT pelvis, MRI pelvis, CT chest, and abdomen for teratoma beyond pelvis

Testicular tumors (seminoma or other) Scrotal ultrasound, CT body, PET-CT body, serum β-human chorionic gonadotropin, α-fetoprotein, lactate

dehydrogenase

Thymoma/thymic carcinoma CT chest

CT, computed tomography; MRI, magnetic resonance imaging; PET-CT, 18F-Fludeoxyglucose-positron-emission-tomography-computed-tomography.

FIGURE 3 | Mouse brain, gut, and kidney tissue immunofluorescence and cell-based assay assessment for neural autoantibodies. (A) Kelch-like-protein-11

autoantibodies are identified using a mouse tissue composite with immunofluorescence to identify the characteristic peri-ependymal (Ep) sparkles of immunostaining;

(B) Purkinje-cell-autoantibody-type 1 (PCA-1/anti-Yo) antibodies are identified using a mouse tissue composite with immunofluorescence staining in the characteristic

pattern with staining purkinje cells (PC), additional cells in the molecular layer (ML) of the cerebellum and the myenteric plexus (MP); (C) N-methyl-D-aspartate (NMDA)

receptor antibodies are identified using a mouse tissue composite with the characteristic pattern of immunostaining involving the granular layer (GL) (C1) and

hippocampus (Hi) (C2); A confirmatory cell-based assay reveals characteristic immunostaining of cells transected with the NMDA receptor [(C3), arrows] in

comparison to non-transfected cells [(C3), arrowheads].

Cell Cultures (Less Common)
Live neuronal cell cultures can also be used to confirm
autoantibody binding to surface antigens (100).

Unfortunately, TIF is routinely available in only few
specialized laboratories worldwide and thus many laboratories
utilize single methods for detection. Novel cell-based assays
are now available which have much improved sensitivity and
specificity and have a low risk of false positive results (0.2%) when

compared to older generation techniques in which false positives
are much more common (up to 6%) (91).

When possible, neural autoantibodies should be tested in
both serum and CSF to maximize sensitivity, although certain
autoantibodies are preferentially detected in either one of
these biospecimens (101). NMDAR autoantibodies for instance
are most sensitive and specific when detected in the CSF
(102), while AQP4, MOG, and LGI1 autoantibodies have
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optimal sensitivity and specificity when tested in serum (103).
Isolated CSF positivity has been reported in patients with
CNS demyelination associated with MOG autoantibodies and
typical clinical-MRI phenotype (104). The timing of testing is
also important for diagnostic accuracy. When possible, samples
should be obtained before immunosuppressive treatment and
during attacks, as antibody titer may drop to undetectable
after immunosuppression and/or during disease remission.
Passive transfer of low titer autoantibodies commonly found
in the general population and of low clinical significance (e.g.,
low titer GAD65 autoantibodies) may occur with infusion of
hemoderivatives (e.g., immunoglobulins) and should be kept in
mind when antibody testing is performed after administration of
such products (105).

Positive Predictive Value, False Positives,
and “Phenotype Creep”
Despite a high accuracy reported for most of the commercially
available assays, a positive autoantibody result does not
necessarily imply that the patient has an autoimmune neurologic
disorder. As with any diagnostic biomarker, sensitivity, and
specificity are intrinsic characteristics of the test and measure
the quality of the assay and the testing laboratory, but are less
reflective of the setting in which the test is performed. A more
useful parameter in clinical practice is the positive predictive
value (PPV), which is the ratio between true positives and total
positive results obtained by testing a given population, and is
highly dependent on the frequency of the disease of interest
in the population tested and the test ordering practices (106).
This is particularly relevant for rare disorders like autoimmune
neurologic disorders, for which the reported overall incidence
and prevalence range between 3.5 and 9/million person-years
and 4–6.5/100.000 persons, respectively (107–109).When similar
rare disorders are faced, caution is advised in clinical practice
as the risk of false positive results is not negligible if the test
is performed indiscriminately, despite very high specificity and
sensitivity (110). The example in Figure 4 illustrates how the
PPV can vary when a given autoantibody is tested in different
populations. When the autoantibody of interest is tested in
a controlled experimental setting (Figure 4A) where the same
amount of affected and unaffected patients are tested, both the
specificity and PPV of the test are 99% with a very low rate
of false positive results (1%). On the contrary, when the same
test is performed indiscriminately in a hypothetical metropolis
of nearly 7 million inhabitants and a prevalence of the disease
of interest of 3/100,000 (Figure 4B), the PPV drops dramatically
to 0.3% with a disproportionally high number of false positive
results (67,000). Despite its surreal nature (screening of an
entire metropolis would be highly unlikely to occur in real-
life), this serves as an extreme example of the potential
consequences of indiscriminate testing for a rare disorder in
a high throughput setting. The same concept is applicable
in clinical practice where antibody-mediated CNS disorders
are far less common than other immune-mediated and non-
immune-mediated neurologic diseases (e.g., multiple sclerosis in
the extremes of latitude, epilepsy, cancers). Thus, a thorough

assessment of the clinical-MRI phenotypes is mandatory when
autoantibody testing is performed, as “atypical” or “rare”
manifestations for a given antibody-associated syndrome should
prompt investigating alternative etiologies (which are simply
more likely to occur than rare manifestations of a rare
disorder) (110). The concept of “phenotype creep” has been
coined to specifically describe the incorrect tendency in the
scientific literature and clinical practice to accept poorly fitting
manifestations as an uncommon part of the disease spectrum,
just based on autoantibody positivity (111).

High autoantibody titers are less likely to be seen with false
positive results, but they still do not guarantee 100% specificity.
GAD65 autoantibodies are a typical example since they can be
non-specifically found at low titers in diabetic patients or patients
without neurologic deficits. However, the detection of high-titer
GAD65 autoantibodies in the serum and/or CSF of neurologic
patients is not sufficient for a diagnosis of GAD65 autoimmunity
in the absence of one of the compatible clinical phenotypes
of stiff-person spectrum, autoimmune ataxia or autoimmune
epilepsy. In a recent study of 323 patients with high-titer GAD65
autoantibodies seen at Mayo Clinic, one third had an alternative
diagnosis (45). Awareness of the typical clinical-MRI phenotypes
associated with the different neural autoantibodies is important
to avoid misdiagnosis and inappropriate treatment. In case of
uncertainty, external consultation from autoimmune neurology
experts or the reporting neuroimmunology laboratory is advised.

Available Diagnostic Criteria
Specific diagnostic criteria have been published to guide
clinicians during the diagnostic process in patients with
suspected autoimmune encephalitis (1). Based on these criteria,
the concomitant detection of a number of typical clinical
and paraclinical features for autoimmune encephalitis (e.g.,
subacute onset, CSF pleocytosis, bilateral mesial temporal lobe
T2-hyperintensity on brain MRI) allows a possible or definite
diagnosis independently of neural autoantibody detection (1).
Such clinical-MRI phenotypical requirements reduce the risk of
false positive results and are often used as a clinical gold standard
in research to assess antibody specificity and sensitivity (1).

Among autoimmune demyelinating CNS disorders,
international consensus diagnostic criteria exist for
neuromyelitis optica spectrum disorders (NMOSD) with
AQP4 autoantibodies (66). Although preliminary diagnostic
criteria and recommendations have been proposed for MOG
antibody associated disorder (19, 112), there are international
efforts to produce more unified consensus diagnostic criteria.
These criteria will be important, given there is a higher risk
of false positives, particularly at low titer with MOG antibody
associated disorder than with aquaporin-4 antibody positive
NMOSD (110).

Neurological Syndromes Associated With
Systemic Autoantibodies
Otherwise unexplained neurological manifestations in patients
with systemic autoimmune/inflammatory disorders have
frequently been regarded as being part of the systemic syndrome,
especially in the past. Although neurological manifestations of
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FIGURE 4 | Example of specificity and positive predictive value (PPV) assessment in experimental vs real-life settings. (A) An experimental population composed of

equal number of patients with the disease of interest and unaffected controls is tested (frequency of the disease of interest in the tested population = 50%). Of 200

positive results obtained after autoantibody testing, 2 (1%) are false positives (green box), while the majority of those who tested negative were true negatives (n =

198), for a specificity of 99% (true negatives divided by total unaffected patients; yellow boxes). The PPV (number of true positives divided by total positive results) is

also very high in this setting (99%; blue boxes). (B) If the same test is performed in a hypothetical metropolis of 6,700,200 inhabitants where the disease prevalence is

0.003%, notice that the number of false positive results increases dramatically to 67,000 (red box). While this variation in frequency of false positive results does not

affect specificity (99%, yellow boxes), which is an intrinsic characteristic of the test and thus not affected by the characteristics of the population tested, it has a huge

impact on the PPV that decreases to 0.03% (blue boxes).

systemic disorders are possible (e.g., stroke from intracranial
vessel involvement in patients with systemic vasculitis) (113),
the concomitant occurrence of multiple autoimmune disorders
in the same patient is probably more likely (114). For this
reason, neural autoantibody testing is always recommended
in patients with neurological manifestations and systemic
inflammatory disorders (e.g., systemic lupus erythematosus,
Sjogren disease) (115). Hashimoto encephalopathy is a historical
disease entity characterized by steroid-responsive subacute
encephalopathy and high titer anti-thyroid autoantibodies in
serum. Despite the lack of a convincing pathogenetic mechanism
linking anti-thyroid antibodies and encephalopathy, Hashimoto
encephalopathy is still considered a diagnostic possibility by
many clinicians. Recent studies from different international
groups have shown this association is spurious and anti-thyroid
antibodies can be detected with similar frequency in both
patients with antibody-mediated encephalitis, seronegative
forms, and non-autoimmune etiologies (1, 116, 117).

Emerging Clinical Settings Associated
With Autoimmune CNS Disorders
Specific clinical settings are increasingly recognized to be at
higher risk for development of autoimmune CNS disorders.
These include:

Post-herpes Simplex Virus Encephalitis
HSV encephalitis often present with symptoms/signs of mesial
temporal lobe involvement and can be difficult to differentiate

from autoimmune limbic encephalitis. However, autoimmune
encephalitis may develop after HSV encephalitis (generally
within 3 months) in up to 27% of patients. These forms
are generally associated with neural autoantibodies (frequently
targeting NMDAR) and should be suspected in patients with
HSV encephalitis who show clinical and/or MRI worsening after
an initial improvement with anti-viral therapy (118).

Post-transplant Autoimmunity
Autoimmune CNS disorders may rarely paradoxically arise in
post-transplant patients despite ongoing immunosuppressant
medication use to prevent organ rejection. It is possibly
due to imbalance between B- and T-cell as anti-rejection
immunosuppression are predominantly T-cell targeting
treatments. Testing neural antibodies in this scenario is
reasonable and the addition of antibody depleting treatments
(plasma exchange, rituximab) in addition to maintenance
anti-rejection immunosuppression should be considered (119).

CNS Inflammation Secondary to TNFα Inhibitors
TNFα inhibitors are used for treatment of many systemic (e.g.,
Crohn’s disease) and neurologic (e.g., neurosarcoidosis, Behcet
disease) chronic inflammatory disorders. CNS inflammatory
disorders of any type, with or without accompanying neural
autoantibodies, may develop in patients treated with these
drugs (generally during the first year) with a higher frequency
compared to untreated patients (120).
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Neurological Autoimmunity Secondary to Immune

Checkpoint Inhibitors
ICI act by enhancing the immune response against cancers
and are increasingly approved for treatment of different
tumors. A common and unwanted effect of these drugs
is autoimmunity, potentially directed against any organ
(121–125). CNS autoimmunity may occur, generally within
the first 3 months, and is accompanied by neural specific
autoantibodies in approximately half of moderate-high severe
cases. Unlike their idiopathic counterparts, ICI-related antibody-
mediated disorders seem characterized by a higher frequency
of unclassified neural-tissue specific autoantibodies, and loss of
the typical cancer-autoantibody paraneoplastic associations (e.g.,
autoantibodies typically detected with gynecological cancers can
be found in patients with skin melanoma) (126).

Other Immune-Active Agents
Cases of neurological autoimmunity including antibody-
associated encephalitis has been reported in multiple sclerosis
patients treated with the CD52 (e.g., alemtuzumab) or CD25
(e.g., daclizumab) protein inhibitors (127–129).

Neurologic Autoimmunity Related to SARS-CoV-2
Diverse neurologic manifestations have been described in
patients with SARS-CoV-2 infection during the COVID-19
pandemic, including antibody-associated CNS disorders (130,
131). Although this association remains controversial, viral or
bacterial infections (commonly 10–20 days before symptoms
onset) are often recognized as potential triggers in patients
with neurologic autoimmune disorders via different mechanisms
(e.g., molecular mimicry). On the contrary, a causal relationship
between onset of neurological autoimmunity and vaccinations is
more debated.

TREATMENT AND OUTCOMES

Current treatment strategies for antibody-mediated neurologic
disorders are mostly based on anecdotal experience, expert
opinion and data from retrospective case series. The treatment
approaches differ based on the specific autoantibody detected,
associated syndromes, and phase of the disease (acute/active CNS
inflammation vs. remission). The rarity of these disorders has
hampered the development of randomized controlled clinical
trials in autoimmune neurologic disorders. However, the recent
successful randomized controlled clinical trials of a number of
attack-prevention targeted treatments in AQP4-IgG seropositive
NMOSD has provided a platform for future clinical trials in
antibody mediated syndromes. However, for most autoimmune
neurologic disorders there are no proven treatments but some
general principles have been developed that can guide treatment
decisions when definitive scientific evidence is lacking.

Acute Immunotherapy
The treatment approach for acute exacerbations of antibody-
mediated CNS disorders is similar for the different underlying
autoantibodies and includes one or more of:

Intravenous methylprednisolone [IVMP−1g daily for 3–5
days, based on the severity of symptoms and comorbidities
(e.g., diabetes)]. The equivalent dose of 1,250mg of prednisone
once daily for 5 days can be considered as an alternative
and has been utilized in some patients when there have been
difficulties in arranging intravenous infusions (e.g., concern for
attending medical facilities during the COVID 19 pandemic).
Due to the lower risk of potential adverse effects, IVMP is
generally preferred and often sufficient to improve symptoms as a
monotherapy. Common adverse events related to IVMP include
hyperglycemia in patients with diabetes or impaired glucose
tolerance, and corticosteroid-induced psychosis.

Intravenous immunoglobulins (IVIg–0.4 g/Kg once daily for
5 days).

Plasma exchange (PLEX–1 exchange every other day for 5–
7 exchanges).

IVIg and PLEX are generally used as add-on to IVMP for
more severe cases. IVIg may be contraindicated in patients with
kidney disease, IgA deficiency, and is associated with an increased
risk of thrombosis while PLEX may induce hypotension and
should be avoided in patients with low baseline blood pressure
and is complicated by the frequent need for central line
placement. PLEX has been shown to be highly effective as
acute monotherapy in patients with severely disabling idiopathic
inflammatory diseases of the CNS with a randomized, sham-
controlled, double-blinded trial. The study was published in 1999
and is likely that many of included patients with severe attacks
of demyelination considered idiopathic at the time now would
test positive for AQP4 or MOG autoantibodies (132). More
recent data support the utility of PLEX in addition to IVMP for
attacks of demyelination associated with AQP4 autoantibodies,
especially within the first 5 days of the attack (133, 134).

One small randomized placebo-controlled trial of IVIg in
17 patients with autoimmune epilepsy associated with LGI or
Caspr2 autoantibodies showed a significant difference in seizure
reduction compared to placebo (135). In our experience, patients
with LGI1 autoantibodies respond best to corticosteroids and
IVMP followed by prolonged high dose oral steroids with
a slow taper seems most effective. Anti-epileptic drugs are
generally ineffective in controlling seizures in patients with
autoimmune encephalitis. In a longitudinal follow-up of 110
patients with encephalitis and seizures associated with LGI1,
NMDAR, or GABA-B autoantibodies, only 14% of patients
achieved seizure freedomwhile using only anti-epileptic drugs vs.
53% of patients treated with immunotherapy. In the same study,
carbamazepine was more effective than levetiracetam in reducing
seizure frequencies in patients with LGI1 autoantibodies (136).

A multicenter observational study analyzed treatment
responses and outcomes in 501 patients with NMDAR
autoantibody-positive encephalitis for 2 years (137).
Improvement within 4 weeks was observed in 53% of patients
after tumor removal or first line immunotherapy (IVMP,
IVIg, PLEX, or combinations). Among non-responders, 57%
of patients received either rituximab or cyclophosphamide
resulting in better outcomes than those who did not. A more
recent study conducted in Western China on 244 patients with
NMDAR autoantibodies followed for a median of 40 months
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found a relapse rate of 16%, while fatalities were observed in
7% of cases. Most patients improved with immunosuppressive
treatment, and disturbances of consciousness during the first
month independently predicted poor outcomes (138).

Treatment of CNS autoimmunity secondary to TNFα
inhibitors or ICI should ideally require a combination of
traditional acute immunotherapies (IVMP, IVIg, and/or PLEX)
and withdrawal of the triggering agent. In cancer patients treated
with ICI, however, the risk and benefits of ICI withdrawal
should be carefully weighted based on cancer status and the
severity of neurologic manifestations (121). Improvement has
also been reported after immunotherapy in patients who did not
discontinue ICI (126).

Maintenance Immunotherapy
Long-term immunosuppression aims to prevent relapses after
the acute attacks, or worsening of neurological manifestations
in patients with a chronic progressive course associated with
certain autoantibodies. The choice of the immunosuppressive
agent is mostly based on the type of autoantibody detected
and safety profile of the drug. Neurological CNS syndrome
associated with autoantibodies targeting cell-surface proteins
are generally treated with antibody-depleting or B-cell-depleting
agents (e.g., rituximab) while syndromes with autoantibodies
targeting intracellular antigens that are thought to be part of a
predominantly cytotoxic process are preferentially treated with
agents depleting all types of immune cells (e.g., azathioprine,
mycophenolate mofetil, cyclophosphamide) although some
overlap exists in treatment regimens. However, a reduced
effectiveness of B-cell depleting agents with autoantibodies
targeting intracellular antigens has not been proven and the
mechanism of action of rituximab might also indirectly involve
T-cells and depletion of B cells may also reduce T cell function
and depleting T-cells may reduce B-cell function. Commonly
used long-term immunosuppressants and related administration
regimens are listed below:

Rituximab is an anti-CD20 monoclonal antibody. It is widely
used worldwide due to the good tolerability, limited risk of
adverse reactions, and fast onset to action. There are two main
regimens of intravenous administration for rituximab in adults:
(1) Induction with two 1 g-infusions 2 weeks apart and the same
regimen every 6 months; and (2) induction with 375 mg/m2 of
body surface area/week for 4 consecutive weeks, then periodic
reinfusions with half of the initial dose (1 reinfusion/week
for two consecutive weeks). The timing of reinfusions can
be either fixed (generally at 6 months intervals), or guided
by monthly/bimonthly monitoring of CD19-positive cell count
(in this case the drug is reinfused when the proportion of
CD19 positive cells increases >1%). Side effects include infusion
reactions and risk of infections sometimes in the setting of a
secondary hypogammaglobulinemia; thus, monitoring of total
IgG levels 6 monthly can be considered.

Azathioprine is an antagonist of purine synthesis and
consequently DNA/RNA production for the proliferation of
white blood cells. It is generally administered orally with a
recommended total daily dose of 2–3 mg/Kg. Azathioprine
commonly takes 6–8 months to become effective so that a

prolonged, concomitant taper of oral steroids is often needed
in conjunction. Side effects include rash, infection, macrocytic
anemia, hypersensitivity reactions, pancreatitis, elevated liver
enzymes and increased risk of tumors (e.g., lymphoma and skin
cancers). Testing thiopurine methyltransferase (TMPT) enzyme
activity before starting is mandatory and those with deficiency
are at increased risk of severe bone marrow toxicity and in this
population the medication should be avoided.

Mycophenolate Mofetil is another oral inhibitor of purine
metabolism, mainly acting on lymphocytes. The recommended
starting dose in adults is 500mg twice daily and increasing to a
goal dose of 1,000mg twice daily. This drug becomes effective in
∼2–3months. Side effects include GI disturbance, infections, and
increased risk of tumors (e.g., lymphoma and skin cancers).

Cyclophosphamide acts by inducing cell apoptosis via
induction of irreversible DNA alterations. It is generally
reserved for severe cases refractory to other immunotherapies
due to the strong immunosuppressive effect and greater
risk of adverse events which include nausea and vomiting,
alopecia, hemorrhagic cystitis, agranulocytosis, infertility and
increased risk of tumors (e.g., lymphoma and skin cancers).
The recommended dose in adults is 1,000 mg/m2 monthly
intravenously or 1–2 mg/kg once daily by mouth. In general,
treatment is limited to 6 months after which transition
can be considered to one of the other immunosuppressants
mentioned above.

Novel therapies targeting key specific proteins of the
inflammatory cascade have also been proposed as promising
and highly effective treatments for antibody-mediated CNS
disorders and can be considered for refractory cases. These
include inhibitors of certain interleukins or their receptors
(e.g., IL-6), and specific complement proteins (e.g., C5) (139,
140). Hematopoietic stem cell transplantation has also been
investigated (141).

A number of monoclonal antibodies have recently been
proven to be highly effective for relapse prevention in
patients with AQP4 autoantibodies by randomized clinical
trials, including eculizumab (anti-C5 complement protein) (142),
satralizumab (anti-IL-6 receptor) (143), inebilizumab (anti-
CD19) (144), and the better-known rituximab (anti-CD20) (145).
A full review of the dosing and side effects of these medications
is beyond the scope of this paper but is reviewed elsewhere
(146). Interestingly, the demyelinating disorder associated with
MOG autoantibodies seems to respond less robustly to rituximab
compared to what is seen with AQP4 autoantibodies (147, 148).
Monthly IVIg infusions may be effective in preventing relapses
with MOG autoantibodies but randomized clinical trials are
needed to help guide treatment in this disease.

Oncologic Treatments
In patients with paraneoplastic antibody-mediated CNS
disorders, cancer removal should be prioritized even in patients
with severe acute disability. Early cancer removal has been
associated with improved outcomes and better treatment
response (137). Other cancer treatments are also often utilized
(chemotherapy, radiation) and depend on the cancer type. For
some cancers, the recommended treatment may also act on
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the autoimmune CNS disorder (e.g., rituximab in the context
of R-CHOP to treat lymphoma). Caution is advised in the
addition of an immune-checkpoint inhibitor in a patient with a
pre-existing paraneoplastic neurologic disorder as it may result
in severe morbidity or mortality (126).

Outcome and Prognosis
Outcomes are generally more favorable for patients with
autoantibodies targeting cell-surface antigens, although residual
cognitive impairment has been documented with many of these
autoantibodies (e.g., NMDAR, LGI1) (149, 150). Decreased
quality of life and school performance is not uncommon
in children after encephalitis with NMDAR autoantibodies
(151). The timing of immunotherapy initiation seems a main
determinant of long-term functional outcome (137, 152).
Autoantibodies targeting intracellular antigens rarely respond
even to aggressive immunosuppression, so that stabilization
of the neurologic deficit is frequently considered a good
achievement. A recent study on 212 patients with GAD65
autoimmunity found complete immunotherapy response in
only 1% of cases (45). In patients with paraneoplastic CNS
syndromes, progression of the underlying cancer is a major cause
of death (153). GFAP autoantibodies represent an exception
since they generally respond well to corticosteroids (despite
the intracellular location of GFAP), and rarely lead to major
long-term disability (26), although outcomes can be worse
among Asians (154). A minority of patients with antibody-
associated encephalitis develop epilepsy after the acute phase
of the disease, mostly due to chronic structural sequelae (e.g.,
severe atrophy of the mesial temporal pole) or antibody-
mediated alteration of synaptic transmission in the long-term.
The risk of secondary epilepsy seems higher with certain neural
autoantibodies, including antibodies against GAD65, LGI1, and
GABAAR (155). Management of seizures in these patients is often
challenging as they might be resistant to multiple anti-epileptic
drugs and immunotherapy is unlikely to be effective outside of
the active inflammatory phase.

Among autoantibodies associated with CNS demyelination,
those targeting AQP4 are typically associated with a worse
outcome given the destructive nature of their clinical attacks
which leads to a stepwise disability accumulation (156,
157). Clinical attacks associated with MOG autoantibodies

are similarly severe but patients tend to recover completely
or nearly completely with treatment, so that the long-term
outcome in favorable for the majority of the patients, even
after a highly relapsing course (158, 159). A poor outcome,
however, can be observed in a minority of patients with MOG
autoantibodies (<10%), often in association with relapsing brain
attacks (160). Different from multiple sclerosis, a secondary
progressive course is rare in patients with AQP4 and MOG
autoantibodies (158, 161).

The outcome is often favorable also in patients treated with
ICI who develop autoimmune CNS disorders, although severe
residual disability can be observed in approximately one third
of patients (126). Older age at ICI treatment initiation is a
major predictor of poor outcome in these patients. ICI treatment
in patients with pre-existing neurological autoimmunity may
lead to irreversible neurologic worsening despite aggressive
immunotherapy (126).

CONCLUSIONS

In conclusion, antibody-mediated CNS disorders are
heterogeneous with variable clinical-MRI characteristics
and prognoses based on the specific underlying autoantibody.
Identification of one or more neural specific autoantibodies in
the serum and/or CSF of patients with a compatible clinical
phenotype confirms the diagnosis but false positive results may
occur especially with indiscriminate testing, which could lead to
inappropriate treatment. General treatment principles exist for
antibody-mediated CNS syndromes exist but most lack evidence
to support their use and are often broad immunosuppressants
rather than targeted treatments. Future directions for this field
include developing more targeted treatments for each antibody-
mediated syndrome using the success in aquaporin-4 positive
NMOSD as a guide on how specific targeted treatments can be
developed, proven to work and made available for patient care.
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Cerebral venous sinus thrombosis (CVST) is a central nervous system disease
characterised by thrombosis in cerebral venous or dural sinuses. Autoimmune
diseases, a series of diseases caused by immune responses to autoantigens, are
important causes of CVST. The most common diseases that lead to CVST are
Behçet’s syndrome, systemic lupus erythematosus, antiphospholipid syndrome, and
Sjögren’s syndrome. Each of these diseases have different clinical and imaging
manifestations and treatment for CVST varies by aetiology. This review summarises the
characteristics and the current management strategies for autoimmune disease-
associated CVST and emphasises controversial therapeutic strategies to provide
informative reference information for diagnosis and treatment. Risk factors of
autoimmune antigens should not be neglected when unconventional CVST occurs, and
both drugs and interventional therapy need further standardisation and discussion with
more prospective clinical studies.

Keywords: autoimmune diseases, CVST = cerebral venous and sinus thrombosis, immunosuppressants,
anticoagulants, treatment strategies
INTRODUCTION

Cerebral venous sinus thrombosis (CVST) is a cerebrovascular disease presenting with headache,
changes in intracranial pressure, and disturbance of consciousness caused by hypercoagulability and
vessel wall damage. In this review, we aim to summarise the pathological mechanisms, clinical
manifestations, therapeutic strategies, and prognosis of CVST caused by each disease. Further
studies should be conducted regarding standard therapy and outcomes of autoimmune disease-
associated CVST.
CHARACTERISTICS OF AUTOIMMUNE
DISEASE-ASSOCIATED CVST

Behçet’s Syndrome (BS)-Associated CVST
BS is a recurrent autoimmune disease characterised by systemic vasculitis. The main clinical
manifestations are recrudescent oral ulcers and multi-system complications, including genital
ulcers, ocular or skin lesions, nervous and haematological system syndromes, and arthritis (1).
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Complications of BS include central nervous system (CNS) and
major macrovascular symptoms (2). There are two main types of
CNS involvement: intra-axial neuro-BS (NBS), characterised by
focal or multifocal parenchymal CNS lesions caused by venular
inflammation (3), and extra-axial NBS, characterised by non-
parenchymal CNS lesions mainly caused by intracranial vascular
impairment (4), such as intravascular thrombosis, intracranial
aneurysm, and extracranial aneurysm/dissection (5).
Neurological symptoms are present in 3-33% of cases, and
generally occur 2.5-6.5 years after BS diagnosis. CVST is one
of the most important complications which accounts for 10-30%
of extra-axial NBS (6). BS-related CVST was first reported in
1959 (7). The occurrence of CVST is strongly associated with
systemic main vessel thrombosis. In addition, 64% of BS-related
CVST patients also suffer from main vessel lesions (2). BS is a
considerable cause of CVST, especially in certain Middle East
and Mediterranean countries (3). The VENOST study, a multi-
centre retrospective and prospective study of CVST, showed that
108 of 1144 CVST cases (9.4%) were caused by BS (8).

BS-related CVST is mostly identified 24 months after CNS
complications appear. It is mainly characterised by intracranial
hypertension and a progressive headache (8), followed by
papillary oedema, cranial nerve VI palsy, and focal neurologic
deficits or paresis/pyramidal tracts suggesting cerebral
haemorrhagic infarction (9). The onset of CVST in most BS
cases is subacute or chronic (4), which could help distinguish BS-
related CVST from CVST of other aetiologies (3). Magnetic
resonance venography (MRV) indicates that occlusions appear
mostly in the superior sagittal and transverse sinuses, while the
sigmoid and straight sinuses are less frequently involved. Isolated
intracranial hypertension syndrome has been reported in certain
cases without radiographic evidence. Moreover, no abnormalities
are noted in cerebrospinal fluid (CSF) (10).

Endothelial cell impairment/activation was believed to be the
only cause of thrombosis (3). However, recent studies (11, 12)
showed that inflammatory responses could generate
prothrombotic disorders, such as fibrinolysis (13) and platelet
function alternation (14), which promote thrombosis and
endothelial dysfunction (9). Furthermore, increasing neutrophil
recruitment and activation in the acute phase of BS leads to the
over-activation of apoptosis. Therefore, leukocyte oxidative
stress and reactive oxygen species (ROS) generation derived by
neutrophils contributes to fibrinogen post-translational
modification and reduced fibrin susceptibility to plasminolysis
in BS patients (12). Genetic factors, such as Factor V Leiden
(FVL) gene mutation and methyltetrahydrofolate reductase
(MTHFR) gene polymorphisms, may be related to BS
thrombosis but are still controversial (15). Furthermore,
hyperhomocysteinaemia has been confirmed as an independent
risk factor of BS-related CVST (1), and increased homocysteine
was found in 1 out of 5 patients (16).

BS-related CVST tends to have a favourable prognosis but
delayed treatment will lead to neurological deficits (9). The
prognosis of CVST with cerebral arterial infarction is relatively
good while coexisting cranial nerve impairment or disturbance of
consciousness refers to poor outcomes (modified Rankin score
Frontiers in Immunology | www.frontiersin.org 2326
≥2) (8). Some patients developed sequelae after proper
treatment, such as optic nerve atrophy, blindness, or impaired
vision (9).

Systemic Lupus Erythematosus
(SLE)-Associated CVST
SLE is a diffuse connective tissue disease which causes
neuropsychiatric symptoms, referred to as neuropsychiatric
lupus. CVST is one of the complications accompanying SLE.
SLE with CVST was first reported in 1975 (17). Thrombotic
events occur in 10-20% of patients with SLE (18), including
thrombosis of the deep venous system of the extremities and the
vena cava, while CVST is relatively infrequent. In a retrospective
study from northern China (19), only 17 (0.36%) of 4747 patients
with SLE suffered CVST. CVST caused by SLE does not show
obvious differences compared to other aetiologies, and manifests
with aggravated headache, visual field defect or diplopia,
consciousness disorder, eyelid and conjunctival chemosis, and
epilepsy (19). Lumbar puncture is conventionally performed,
and intracranial pressure usually rises to more than 180 mmH2O
or even 330 mmH2O. Almost half of all patients show higher
protein content and one-third show an elevation of myelin basic
protein in the CSF. MRV is the most important imaging
examination for diagnosis and the transverse sinus is the most
common place for thrombosis, followed by the superior sagittal
and sigmoid sinuses. At least one thrombus was found in most
patients surveyed (19).

SLE, a result of lupus anticoagulant (LAC) deposition and
immune-mediated vasculitis, is also the main cause of SLE-
related CVST. LAC and antiphospholipid (APL) antibodies
can be detected in 40% of CNS-affected SLE patients (20),
which prohibit the function of protein C (PC) and protein S
(PS) and enhance thrombosis when interacting with vascular
endothelial cells. Furthermore, fibrinolytic defects caused by
hypercoagulability, functional alternation of antithrombin III,
hyperfibrinaemia, and changes in coagulation are also
pathogenic factors. FVL mutation can also be detected in some
SLE patients (21). Cluster analysis was applied to identify SLE
patients with similar autoantibody patterns and verify that the
cluster of patients with anti-dsDNA/LAC/anticardiolipin (aCL)
antibody was more closely related to arterial and/or venous
thrombotic events and thrombocytopaenia, whereas it cannot
test the causal association between cerebrovascular accidents and
SLE (22, 23). Therefore, thrombophilia work-up, including
assessments of PC, PS, LAC, antithrombin III, and FVL
mutation, should be performed in patients with SLE and
CVST. Moreover, Nishida et al. described an SLE patient with
secondary aseptic meningitis who developed CVST after lumbar
puncture. The causes were speculated as follows: 1) CSF
reduction caused by lumbar puncture resulted in venous
dilatation and high venous blood viscosity, 2) cerebral ptosis
caused by CSF reduction led to venous and sinus occlusion, or
3) the onset of aseptic meningitis and steroid therapy directly
caused the CVST (24). During follow-up with surviving patients,
partial or total recovery and no recurrence of CVST or
permanent neurologic deficits were observed (19).
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Antiphospholipid Syndrome
(APS)-Associated CVST
APS is characterised by recurrent arterial and venous thrombosis,
spontaneous abortion, circulating APL antibodies, and
thrombocytopaenia, with positive laboratory examinations for
both LAC and APL. APS is commonly secondary to SLE but can
also be idiopathic, and CVST is less common than transient
ischaemic aneurysm or stroke (25). APS with CVST as the initial
presentationwasfirst reported in 2009 (26). Themain symptomsof
APS-related CVST are headache (85%), visual defect (40%), and
cognitive impairment (25%). The mechanism is still not fully
understood, but it has been speculated that APL promotes the
pre-thrombotic state by activating endothelial cells, platelets, and
monocytes. In addition, anti-b2GP-1 antibodies and complement
activation play an important role in thromboembolism (27).

Sjögren’s Syndrome (SS)-Associated CVST
SS manifests as lymphocyte infiltration in salivary and lacrimal
glands, therefore leading to simultaneous xerostomia and
xerophthalmia. CNS complications among SS patients include
aseptic meningitis, myelitis, microcirculation vasculitis related to
white matter lesions, and encephalopathy (28). The proportion
of SS patients suffering from neurological symptoms varies from
8% to 70% (29). Several retrospective studies have shown that
38% of SS patients are positive for APL, with LAC as the most
common antibody. Among APL (+) patients, the incidence of
stroke, deep venous thrombosis, and activated partial
thromboplastin time elevation significantly increased, and
thrombotic events were more frequent in LAC (+) patients
than in LAC (-) patients. However, no CVST occurrence has
been reported. In fact, CVST seldom happens in SS and it is well-
understood that CVST can happen after the onset of SS.
However, it is speculated to occur at the advanced stage (30).
Clinical symptoms are almost identical to primary CVST, but 2-
5% patients show no xerostomia or xerophthalmia (31). The
most common site of thrombosis in SS-related CVST is the
transverse sinus, but thrombi can also appear in the straight
sinus, sagittal sinus, and Galen vein, among others (32). The
detailed mechanism is not yet clear and a possible reason may be
immune-mediated nerve impairment (32). Generally, the
prognosis of CVST in SS is favourable, and there have been no
clinical or radioactive recurrences in patients followed for 3
months to 5 years (33).
MANAGEMENT OF AUTOIMMUNE
DISEASE-ASSOCIATED CVST

Anticoagulant Therapy
Conventional Anticoagulation
Intravenous heparin or low-molecular weight heparin followed
with oral vitamin K antagonists (VKA) for 3-12 months
according to various risk factors is recommended in the
current guidelines of different countries (34–36). However, this
treatment is controversial under some circumstances when
autoimmune diseases are combined. There is not enough
Frontiers in Immunology | www.frontiersin.org 3327
evidence for the safety and effectiveness of anticoagulant therapy
in BS, although it has been applied to patients for a period of more
than 3 years in western countries (37, 38). Thrombosis in BS is
extensively suggested as a vasculitis-derived immune inflammatory
response, and so anti-inflammatory therapy is regarded as
sufficient. Moreover, aneurysm or pseudoaneurysm is usually
detected during BS-related CVST and anticoagulant therapy
could increase the risk of aneurysm rupture haemorrhage.
However, anticoagulant therapy has been successfully applied in
most reported cases with no malignant events. Nevertheless,
imaging examinations, especially computed tomography
pulmonary angiography, is strongly recommended in order to
rule out possible aneurysms before anticoagulant therapy is
applied (12). In APS-associated CVST, oral warfarin is
recommended for an indefinite period in the reported cases since
CVST patients with APS tend to experience thrombus recurrence,
while there are still few researches to support the opinion (19).

Direct Oral Anticoagulants (DOACs)
There is a lack of high-level evidence of the safety and efficacy of
DOAC treatment for autoimmune disease-associated CVST, and
it has never been recommended in current guidelines as a major
oral therapy. Nevertheless, several retrospective studies and case
reports have used DOACs during APS treatment and revealed a
higher risk of thrombosis recurrence than VKA. In addition, a
recent meta-analysis of randomised controlled trials on DOACs
in APS showed a higher risk for only arterial thrombosis
recurrence rather than venous thrombosis, suggesting the
therapeutic potential of DOACs for APS-associated CVST.

Anticoagulant Strategies When Combined With
Thrombocytopaenia
Notably, thrombocytopaenia is a crucial complication in both SLE
and APS, posing a dilemma for APS-associated CVSTmanagement.
In fact, patients with APS-associated thrombocytopaenia have a
higher risk of thrombosis than those without thrombocytopaenia,
and therefore anticoagulant therapy seems more necessary when
balancing the risks of thrombosis and haemorrhage. There is still a
lack of guidelines towards CVST with APS-associated
thrombocytopaenia, and it is generally recommended that
treatment strategies conform to the idiopathic thrombocytopaenic
purpura (ITP) guidelines since there are common characteristics
between ITP and APS-associated thrombocytopaenia (39). Normal
anticoagulation should be given when platelets ≥50×109/L and the
haemoglobin level is stable, while the dose is suggested to be halved
when platelets <50×109/L; glucocorticoids (GCs) or intravenous
immunoglobulin (IVIg) should be used to elevate platelets to a safe
level (30-50 ×109/L) (40, 41).

Glucocorticoid and
Immunosuppressive Therapy
GCs and immunosuppressive therapy are well-known anti-
inflammatory treatments. Azathioprine (AZP) is the top
immunosuppressants for BS, while methotrexate, cyclo-
phosphamide, and mycophenolate mofetil (MMF) are also
recommended (42). Certain studies have emphasised the
importance of immunosuppressants since anticoagulants alone do
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not attenuate the risk of venous thrombosis recurrence. Roriz et al.
found no significant difference between immunosuppressants alone
and the combination of anticoagulants and immunosuppressants
(43). Inaddition,GCsand immunosuppressive therapyareapplied in
catastrophic APS, which is characterised by microvascular
thrombosis leading to multiorgan failure (44), rather than isolated
moderate-to-large vessel thrombosis in APS. The most commonly
used strategy is the triple therapy of anticoagulants, GC and IVIg,
and/or plasma exchange (45). When combined with diffuse alveolar
haemorrhage, severe thrombocytopaenia, and haemolytic anaemia,
immunosuppressants such as cyclophosphamide or rituximab are
recommended (46). Hydroxychloroquine may be the first choice
for SS (33).

Endovascular Therapy (ET)
ET has been conventionally used in refractory CVST patients when
large and extensive thrombi are unlikely to dissolve after
anticoagulant treatment and has shown a reasonable safety profile
(35). In a single-centre study ofmanagement ofCVSTpatients with
APS, endovascular mechanical thrombectomy, local endovascular
thrombolysis, and internal jugular vein stenting were performed in
patients who suffered from anticoagulant inefficacy, clinical
deterioration, or severe neurological dysfunction (respectively),
with satisfying outcomes (47). However, there are no reports of
ET for the other autoimmune diseases mentioned, suggesting the
need for further and broader studies.
CONCLUSION

Autoimmune diseases are important risk factors for CVST, of
which pathological mechanisms can be explained based on the
Frontiers in Immunology | www.frontiersin.org 4328
mechanism of thrombosis, such as hypercoagulability or
inflammation caused by vascular endothelial injury, while the
specific pathologies of autoimmune disease-associated CVST
have yet to be studied. It is easy to diagnose CVST according
to clinical symptoms, case history, and radiography. When
clinical manifestations like intracranial hypertension cannot be
explained by conventional aetiologies of CVST, serum
autoimmune antibodies and thrombohaemophilia tests should
be considered. There are no standard or official guidelines for
autoimmune disease-associated CVST treatment. Immune and
anticoagulant therapy should be carefully analysed before use
since there are advantages and disadvantages according to
various complications and severities. Generally, the prognosis
of autoimmune disease-related CVST is favourable with
prompt treatment.
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Disease Complicated With Thrombosis: A Report of 93 Chinese Cases.
Medicine (United States) (2014) 93:e263. doi: 10.1097/MD.000000000
0000263

16. Shi J, Huang X, Li G, Wang L, Liu J, Xu Y, et al. Cerebral Venous Sinus
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Purpose: Brain 18F-fluorodeoxyglucose positron emission tomography (FDG PET) is a
sensitive technique for assisting in the diagnosis of patients with anti-leucine-rich glioma-
inactivated 1 (LGI1) antibody encephalitis. However, the common pattern of this disorder
assessed by FDG PET remains unknown. The present study aimed to explore the glucose
metabolic patterns of this disorder based on PET voxel analysis.

Methods: This retrospective study enrolled 25 patients with anti-LGI1 encephalitis, who
were admitted in Beijing Tiantan Hospital between September 2014 and July 2019. The
glucose metabolic pattern was compared between the included patients and 44 age- and
gender-matched healthy controls using Statistical Parametric Mapping. Then, the
correlation between the metabolic pattern and scaled activities of daily living (ADLs) of
the patients was assessed.

Results: The median time from symptom onset to PET scans was 9 w (range:2-53w). The
groupwise analysis revealed that patients with anti-LGI1 encephalitis had left hippocampal
hypermetabolism and hypometabolism in almost all neocortical regions. The individual-level
results showed most patients presented a decreased metabolism in neocortical regions, as
well as an increase in metabolism in the hippocampus and basal ganglia. Furthermore, the
metabolic gradient between hippocampus and neocortical regions was positively associated
with the ADLs (frontal lobe, r=0.529, P=0.008; parietal lobe, r=0.474, P=0.019; occipital
lobe, r=0.413, P=0.045; temporal lobe, r=0.490, P=0.015), respectively. In addition, the
patients with facio-brachial dystonic seizures (FBDS) presented bilateral putamen
hypermetabolism, when compared to patients without FBDS and healthy controls.

Conclusion: Subcortical hypermetabolism associated with cortical hypometabolism
presented with a common metabolic pattern in patients with anti-LGI1 encephalitis in the
org September 2021 | Volume 12 | Article 6728461330
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present study. The resolution of the metabolic gradient of the hippocampal hypermetabolism
and neocortical hypometabolism may bring about improved clinical neurologic disability.
Keywords: fluorodeoxyglucose, metabolic pattern, positron emission tomography, LGI1, autoimmune encephalitis
INTRODUCTION

Anti-leucine-rich glioma-inactivated 1 (LGI1) encephalitis is the
most common limbic encephalitis with antibodies targeting
neuronal surface antigens (1). Patients with anti-LGI1
encephalitis present with progressive memory alteration,
psychiatric manifestation and seizures, suggesting the
involvement of the limbic system. The most characteristic
seizures are facio-brachial dystonic seizures (FBDS), which are
characteristic of anti-LGI1 encephalitis, and these are observed
in approximately half of the patients (2, 3).

Early diagnosis means the early immunosuppressive treatment,
which is associated with subsequent improved cognitive
impairment and preventive irreversible lesions, including
hippocampal atrophy (4, 5). At present, the initial diagnosis of
anti-LGI1 encephalitis is mainly based on the clinical
manifestations, MRI, and antibody testing (1). Nonetheless, the
clinical overlaps of various autoimmune encephalitis (AE)
subtypes impede the differential diagnosis (6, 7). Furthermore,
the brain MRI findings of T2WI/FLAIR hyperintensities, which
involve the medial temporal lobe, are often absent at disease onset
(8, 9), specifically at the FBDS stage. In addition, the prolonged
time taken for results to return and inaccessibility in many
institutions limit the clinical application of the antibodies testing.

Given these aforementioned AE descriptions, 18F-FDG PET
can be a potential biomarker for AE diagnosis (1, 10–12). The
higher uptake on 18F-FDG PET in otherwise normal mesial
temporal lobe structures shown on the MRI indicates that using
18F-FDG PET can be more sensitive than MRI in assisting the
diagnosis (10, 13). Furthermore, 18F-FDG PET can be more
sensitive to abnormalities in patients with AE, when compared to
assessments using electroencephalogram (EEG) and
cerebrospinal fluid (CSF) inflammatory markers (8).

Most previous 18F-FDG PET studies on anti-LGI encephalitis
have been limited to visual inspection with an inferior sensitivity
to voxel analysis (9, 14–16), or the use of a relatively smaller
sample size with heterogenous results for metabolic pattern
analysis (17–20). The present study aimed to determine the
brain common patterns of glucose metabolism changes in a
relatively large sample of patients with anti-LGI1 encephalitis
using Statistical Parametric Mapping (SPM) analysis.
Furthermore, the present study aimed to determine the
correlation of the metabolism pattern with the daily activities
of anti-LGI1 encephalitis patients.
METHODS

Patients
The present retrospective study was approved by the Ethics
Committee of the Beijing Tiantan Hospital, Capital Medical
org 2331
University, and each participant provided a written informed
consent. Using the database of the PET center, the investigators
identified patients with anti-LGI1 encephalitis, who were
admitted in Beijing Tiantan Hospital and underwent 18F-FDG
PET between September 2014 and July 2019. These patients were
cross-referenced with the Tiantan Hospital Neurology
Department database. Part of these patients were previously
reported (21). The inclusion criteria were, as follows: (1)
patients who were admitted in the Neurology Department; (2)
the clinical characteristics of the patient was detailed and
complete; (3) patients with a relatively acute or subacute
disease course. Two neurological experts (L.R. and W.Q.)
performed the diagnoses of anti-LGI1 encephalitis based on
the consensus criteria (1).

Clinical Evaluation
The activities of daily living (ADL) were gained by adding the
Katz activities of daily living scale (22) to the Lawton
instrumental activities of daily living scale (23). For male
patients, 11 was set as normal, 10-7 was set as mild damage, 6-
3 was set as moderate damage, and 2-0 was set as severe damage.
For female patients, 14 was considered as normal, 13-9 was
considered as mild damage, 8-4 was considered as moderate
damage, and 3-0 was considered as severe damage. Furthermore,
scaled ADL (ADLs) was produced by defining normal as 0, mild
damage as 1, moderate damage as 2, and severe damage as 3.

LGI1 Antibody Detection
For all patients, the serum and CSF antibody were detected,
including NMDA receptor, LGI1, and contactin-associated
protein-2, a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid receptor, and g-aminobutyric acid type B. The serum and
CSF samples were tested for the presence of LGI1 antibodies
using both commercially fixed cell-based assays (CBAs) in
biochip form (Euroimmun, Lübeck, Germany), and
immunohistochemical analyses in the Neuroimmunology
Laboratory of Peking Union Medical College Hospital. The
stained biochips were investigated under a fluorescence
microscope (Eurostar 3 Plus, Euroimmun, Germany). The
decision if antibody was present in the tested samples was
made by two experienced investigators using the signal of the
surrounding fields as negative controls.

The 18F-FDG PET Protocol and
Imaging Analysis
At the time of diagnosis, all participants underwent brain study.
None of these patients received sedative drugs before the PET
imaging. After fasting for 4-6 hours, 18F-FDG was intravenously
injected at a dose of 3.7-5.0 MBq/kg. The pre-injection blood
glucose levels were confirmed to be ≤8 mmol/L. The participants
were isolated in a dedicated room during the uptake period.
September 2021 | Volume 12 | Article 672846
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PET acquisitions were performed at 45–60 and 60–90 post-
injection minutes for the brain and whole-body examinations,
respectively. A brain PET scan was performed in the 3D-time-of-
flight mode for 10 minutes. A whole-body (including brain
region) 18F-FDG PET scan was performed for approximately
20-30 minutes. The brain imaging data were reconstructed using
ordered subset expectation maximization methods, with four
iterations and eight subsets, as well as smoothing with a 5-mm
full-width at half-maximum filter.

The GE Advanced Workstation 4.6 software package (GE
Healthcare) was used to generate the 18F-FDG PET images, and
these were visually examined by two board-certified nuclear
medicine physicians (Q.Z. and A.l.) with vast experience in
reading PET/CT results (>10 years). These reviewers carefully
checked the PET images for abnormalities in the hippocampus,
basal ganglia, and neocortex. Furthermore, they also assessed the
abnormality lateralization in case these were present. All
reviewers were blinded from the clinical diagnosis of the
patients or controls. Contradictions in the imaging evaluation
were resolved through discussion, until a consensus was reached.

MRI Protocol and Imaging Review
Clinical MRIs were performed according to the institutional
protocol using a 3-T scanner (Genesis Signa and Signa HDe) and
Siemens (Trio Tim and Verio). The brain MRI scans were
evaluated by two neuroradiologists (C.Q. and W.K.), who were
blinded to the patient’s diagnosis. In the present study, the T1WI
and T2WI/FLAIR signals, and some of the pre- and post-
gadolinium-enhanced T1WI sequences were reviewed and
rated as consistent or inconsistent with AE. The differences in
rating between the two reviewers were reconciled by discussion.

Procedure for the PET Data
Pre-Processing
The raw 18F-FDG PET images were pre-processed using SPM
software version 12 (Wellcome Trust Centre for Neuroimaging,
London, UK; https://www.fil. ion.ucl.ac.uk/spm/software/
spm12/, default parameter settings). Initially, the raw data was
transformed to NIfTI data, followed by realignment. Then, the
brain images were spatially normalized into the stereotactic
standard space based on the Montreal Neurological Institute
(MNI) template using the ‘Old Normalize Tool’ of the SPM12.
Stereotactically normalized images were smoothed using an
isotropic 3D Gaussian kernel of 8-mm full-width half-maximal
for the voxel-based analysis. Furthermore, the original
normalized images underwent region of interesting (ROI)
analysis. The voxel intensities in both smoothed and original
normalized images were proportionally scaled to the average
voxel intensity over the cerebellum. Furthermore, the
investigators obtained the ratio of the standardized uptake
value (SUVr). The cerebellum was used as the reference brain
region, since the autoimmune encephalitis is less likely to
affect this.

Voxel-Based Statistical Testing
Regarding the group analysis, the investigators performed voxel-
by-voxel between-group comparisons of the scaled 18F-FDG
Frontiers in Immunology | www.frontiersin.org 3332
images. The statistical significance was set at P=0.001 (Family-
Wise Error [FWE] = 0.001 for multiple comparisons and effects
in clusters [KE]> 30) for comparisons between patients with
anti-LGi1 encephalitis and the control group, between patients
with FBDS and the control group, and between patients with
PET scans < 12 weeks from symptom onset and those with PET
scan ≥ 12 weeks from symptom onset, respectively. In addition,
the statistical significance was set at P=0.001 without multiple
comparison correction (effects in clusters [KE] >30) for
comparison between patients with FBDS and those without
FBDS, due to the small sample size. For the two-sample t-test
in the SPM procedure, the investigators used a control group that
comprised of 44 normal participants without a history of
neurological or psychiatric disorders (age: 49.6 ± 18.9 years
old, 14 women; there was no significant difference between all
patients group and control group, in terms of age and gender,
P=0.068 and P=0.291, respectively). The SPM analysis results
were confirmed through visual assessment. For the individual
analysis, the scaled 18F-FDG brain scans underwent voxel-by-
voxel comparisons with the aforementioned control group (one-
sided two-sample t-tests for hypo- and hyper-metabolism;
P=0.001, uncorrected for multiple comparisons, no non-
sphericity correction; KE >30).

Statistical Analysis
In order to analyze the relationship between metabolic
abnormalities in specific brain regions with ADL, the
investigators chose the following ROIs: bilateral frontal lobe,
bilateral hippocampus, and bilateral putamen. These ROIs were
summarized from relatively small ROIs of Anatomical
Automatic Labeling (AAL) templates (Supplemental Table 1).
These ROIs were defined based on the individual- and group-
level results obtained from the SPM analysis, as well as according
to the visually recognized region identified by the nuclear
medicine physician. The investigators calculated the mean
SUVr in each ROI using the WFU Pick Atlas software and
AAL-based masking. The association between the SUVr ratio of
the hippocampus to neocortical regions and ADLs was
determined using Spearman test, since the ratio data was non-
normally distributed.
RESULTS

Clinical Characteristics of Patients
Among the 28 patients who met the criteria for anti-LGI1, 25
patients (20 men, five women; median age: 60 years old) were
included in the final analysis. Three patients were excluded due
to poor image quality. Table 1 summarizes the clinical
characteristics of the included patients. The pre-scan symptom
duration was a median of nine weeks (interquartile ranges [IQR]:
13; range:2-52). The duration between the MRI and 18F-FDG
PET scans was a median of five days (IQR: 9; range:0-26). A total
of 21 (84%) patients underwent a whole-body PET scan, and
none of the results revealed a tumor. Furthermore, nine (36%)
patients presented with FBDS. Moreover, 14 (56%) and eight
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TABLE 1 | Clinical characteristics of the patients included in the study.

The duration
between MRI and
18F-FDG PET (d)

ADLs at the
time of 18F-
FDG PET

FBDS Memory
impairment

Psychiatric
symptom

Treated with steroids
within 24h before

18F-FDGPET

Whole body
scan or brain
scanning

3 3 N N N Y W
15 2 N Y Y Y W
11 2 N N Y Y W
2 3 N Y Y Y W
4 2 Y Y Y N W
0 2 N N Y N W
7 2 N Y Y N B
4 2 N N N N W
3 1 N N N N W
2 1 Y Y N N W
3 1 N N Y N B
25 2 Y N N N W
5 1 N Y Y Y W
2 1 Y N N N W
16 2 N N N Y W
7 3 N N Y N W
8 3 Y N Y N W
13 1 N Y Y Y W
4 1 Y N N N W
5 1 N N N N B
26 1 Y Y Y N W
11 2 Y N N N W
22 2 Y N Y N B
3 3 N N Y Y W
3 1 N N N N W

, brain; W, whole body.
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Patient
no.

Antibody positive
findings in Serum

or CSF

Age, y Sex Duration of
symptoms before
presentation (wk)

The duration of
symptom onset and
18F-FDG PET (wk)

1 Both 59 M 2 3
2 Both 70 M 26 28
3 Both 34 F 2 3
4 Both 67 F 1 2
5 Both 63 M 18 19
6 Both 56 M 52 53
7 Both 61 M 9 10
8 Both 41 F 4 5
9 Serum 15 M 1 2
10 Both 58 M 2 4
11 Both 49 M 13 13
12 CSF 61 M 13 14
13 Both 34 M 6 8
14 Both 64 M 8 9
15 CSF 65 M 39 40
16 Both 60 M 13 14
17 Both 78 M 0 2
18 Both 68 F 52 53
19 Both 60 M 6 6
20 Serum 39 F 1 2
21 Both 54 M 7 7
22 Both 66 M 4 5
23 Both 59 M 13 13
24 Both 67 M 17 19
25 Both 47 M 9 9

F, female; M, male; ADLs, activities daily life scale; FBDS, faciobrachial dystonic seizure; Y, yes; N, no;
 B
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(32%) patients presented with psychiatric symptom and memory
impairment, respectively. The median ADLs at the time of PET
scanning was 2 (interquartile range: 1.5). Furthermore, eight
(32%) patients were treated with steroids within 24 hours before
the PET scan. All 25 (100%) patients tested positive for LGI1
antibodies, in both the serum and CSF (92%), with two (8%)
patients showing only in the CSF or serum. The patients tested
negative for other antibodies of interest.

Visual Inspection
Table 2 presents the comparison of the visual analysis of 18F-
FDG PET scans with the MRI scans. On visual inspection, 19
(76%) patients presented with abnormal metabolism on the 18F-
FDG PET. The brain regions that revealed the hypermetabolism
included the hippocampus (18 [95%]), putamen (15 [79%]) and
caudate (13 [68%]). The brain regions that revealed the
hypometabolism included the frontal lobe (11 [58%]), parietal
lobe (8 [42%]), occipital lobe (2 [11%]), and temporal lobe (1
[5%]) (Figure 1). Considering the metabolic pattern of visual
evaluation may be influenced by the disease course (24, 25), the
images findings of patients with PET scans < 12 weeks from
symptom onset and those with PET scan ≥ 12 weeks from
symptom onset were further analyzed. According to the
diagnostic guideline of AE (1) and other studies on anti-NMDA
encephalitis (8, 26, 27) and Hashimoto’s encephalopathy (28),
twelve weeks (approximately 3 months) was selected as the
recommended time point to divide the acute/subacute and
Frontiers in Immunology | www.frontiersin.org 5334
chronic/recovery stage. There were 15 patients whose duration
time from symptom onset to PET scans was less than 12 weeks. A
total of 10 patients had more than 12 weeks between symptom
onset and PET scans. There were 11 (73%) patients with
hippocampal hypermetabolism on either side and 9 (60%)
patients with putamen hypermetabolism on either side in less
than 12 weeks group. Further, there were 7 patients (70%) with
increased hippocampus on either side and 6 patients (60%) with
increased putamen metabolism on either side in more than 12
weeks group. There was no significant difference in the
proportion of hypermetabolism in hippocampus and putamen
between these two groups (Supplemental Table 2).

Positive MRI findings suggestive of encephalitis were
observed in 14 (56%) patients. The most common MRI
findings in these patients was increased T2/FLAIR signals in
the medial temporal lobes (13, 93%), which included the bilateral
medial temporal lobes (9, 64%), left medial temporal lobe (2,
14%), and right medial temporal lobe (2, 14%). Merely one (7%)
patient presented with basal ganglia MRI signal abnormalities.

Imaging Findings From the Voxel Analysis
The Hippocampus and Cortex
The groupwise revealed a significantly increased uptake in the left
hippocampus, para hippocampus, and amygdala. Patients
presented with a decreased standard uptake in almost all
neocortical regions. Particularly, hypometabolism extend in the
frontal lobe was larger than in other brain areas, including the
TABLE 2 | Imaging findings from visual inspection of the patients included in the study.

Patient no. 18F-FDG PET results Brain T2/FLAIR
MRI interpretation

Regions with increased
signal in T2/FLAIR MRI

Visual PET interpretation Regions with significant metabolic changes by visual inspection

Hypermetabolism Hypometabolism

1 Abnormal L CAU; L PUT; B HIP B FRO; B PAR Abnormal B medial TMP
2 Abnormal B HIP R PAR Abnormal L medial TMP
3 Abnormal B HIP _ Abnormal B medial TMP
4 Abnormal B PUT; B HIP _ Abnormal B medial TMP
5 Abnormal B PUT; B HIP R FRO; R OCC Abnormal B medial TMP
6 Abnormal B CAU; B PUT B FRO; B PAR Abnormal B medial TMP
7 Abnormal R CAU; B PUT; B HIP _ Normal _
8 Abnormal B CAU; B PUT; B HIP B FRO; R TMP Normal _
9 Normal _ _ Normal _
10 Abnormal B CAU; B PUT; B HIP B FRO; B PAR Abnormal B CAU; B PUT
11 Abnormal B HIP R FRO; R PAR Abnormal R medial TMP
12 Abnormal B CAU; B PUT; B HIP B OCC Abnormal R medial TMP
13 Abnormal B CAU; B PUT; B HIP B FRO Abnormal B medial TMP
14 Normal _ _ Normal _
15 Normal _ _ Normal _
16 Abnormal B CAU; B PUT; B HIP _ Abnormal L medial TMP
17 Abnormal B CAU; B PUT; B HIP B FRO Normal _
18 Abnormal B CAU; B PUT; B HIP B FRO Abnormal B medial TMP
19 Abnormal B CAU; B PUT; B HIP _ Abnormal B medial TMP
20 Normal _ _ Normal _
21 Normal _ _ Normal _
22 Abnormal B CAU; B PUT; B HIP B FRO; B PAR Abnormal B medial TMP
23 Abnormal B CAU; B PUT; B HIP B FRO; R PAR Normal _
24 Normal _ _ Normal _
25 Abnormal B HIP B PAR Normal _
September 2021 | V
B, bilateral; L, left; R, right; CAU, caudate; FRO, frontal lobe; PAR, parietal lobe; TMP, temporal lobe; OCC, occipital lobe; HIP, hippocampus; PUT, putamen.
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superior, middle, and inferior frontal gyrus, as well as the orbito-
frontal lobe (Figure 2). Furthermore, hypometabolism was
observed in the parietal lobe, including the left inferior parietal
gyrus, bilateral precuneus, left calcarine, and right angular gyrus.
Moreover, hypometabolism was observed in the left middle
occipital gyrus, as well as in the left superior, middle, and
inferior temporal gyrus. The individual-level results varied
among patients, with most patients presenting a decreased
metabolism in the frontal, parietal, occipital, and temporal lobe,
as well as an increase in metabolism in the hippocampus and basal
ganglia. However, some patients presented with an increase in
metabolism in the neocortical region (Supplemental Figure 1).

The metabolic abnormality revealed by the SPM analysis and
visual inspection was indicative of the hypermetabolism in the
hippocampus, and basal ganglia associated with neocortical
hypometabolism. With caution, these aforementioned
observations can be interpreted to result from similar
mechanisms. The investigators calculated the individual-level
SUVr ratio for the hyper- to hypo-metabolism brain regions
based on the relative 18F-FDG uptake in the anatomically
defined hippocampus, putamen, and neocortical regions. Then,
Frontiers in Immunology | www.frontiersin.org 6335
the investigators analyzed the relationship of the SUVr ratio of
the hypermetabolic region (hippocampus and putamen)
to hypometabolic region (all neocortical regions) with ADLs.
The SUVr ratio of the hippocampus to neocortical region
was positively associated with the ADLs (frontal lobe, r=0.529,
P=0.008; parietal lobe, r=0.474, P=0.019; occipital lobe, r=0.413,
P=0.045; temporal lobe, r=0.490, P=0.015), respectively.
The SUVr ratio of the putamen to neocortical region was not
correlated with the ADLs. Previous findings (16) and the present
group-analysis results suggest that anti-LGI1 antibodies tend to
affect the unilateral brain. Therefore, the investigators analyzed
the association of metabolic changes in each hemisphere with
ADLs. The SUVr ratio of the left hippocampus to the left frontal
lobe was positively correlated with the ADLs (r=0.538, P<0.05).
Furthermore, the SUVr ratio of the left putamen to the left
frontal lobe was not correlated with the ADLs, which is
consistent with the results for the right sides (P>0.05) (Table 3).

Basal Ganglia
Previous studies have shown that 18F-FDG hyperactivity in the basal
ganglia of patients may be correlated to FBDS development (2, 29).
FIGURE 1 | Participant 22: A 67-year-old man with a 1-month history of epileptic seizures. Positive anti-LGI1 receptor antibodies were detected in both the serum
and CSF samples. The axial 3D 18F-FDG PET image at the level of the basal ganglia (A) and medial temporal lobe (C) reported an increased uptake at the medial
temporal lobe (thick black arrow) (left side > the right side) and bilateral striatum (black dash arrow), along with a decreased uptake in almost all neocortex, especially
in the bilateral frontal lobe (thin black arrow). The axial T2WI/FLAIR MRI (B, D) shows an abnormal signal in the bilateral medial temporal (right side > left side) (thick
white arrow). There was no evidence of abnormality in the basal ganglia (white dash arrow) and frontal cortex (thin white arrow) as well as other cortical region,
except for the nonspecific change at the left-hind limb of the internal capsule.
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In order to explore the metabolic pattern of patients with FBDS,
the metabolic pattern of patients with FBDS was compared with
that of patients without FBDS and healthy controls, respectively.
The groupwise revealed a significant increase uptake in the
bilateral putamen in patients with FBDS, when compared to
those without FBDS (Figure 3A). Furthermore, left cerebellum
hypermetabolism was also observed. In addition, bilateral
putamen hypermetabolism was found in the FBDS group,
when compared to healthy controls (Figure 3B). Moreover,
right focal frontal lobe hypometabolism was found in patients
with FBDS. The metabolic difference between those without
FBDS and healthy controls was similar to the difference
between all included patients and healthy controls.
Frontiers in Immunology | www.frontiersin.org 7336
Similar to visual inspection, the images findings of patients
with PET scans < 12 weeks from symptom onset and those with
PET scan ≥ 12 weeks from symptom onset were evaluated from
the voxel analysis. Voxel analysis at groupwise level showed there
was no significant cluster between these two groups. Further, for
voxel-based analysis at individual level, there were 10 (66.7%)
patients with hippocampal hypermetabolism on either side and 8
(53.3%) patients with putamen hypermetabolism on either side
in less than 12 weeks group. Further, there were 8 patients (80%)
with increased hippocampus on either side and 4 patients (40%)
with increased putamen metabolism on either side in more than
12 weeks group. There was no significant difference in the
proportion of hypermetabolism in hippocampus and putamen
between these two groups (Supplemental Table 2).
DISCUSSION

The present study revealed that the topography of anti-LGI1
encephalitis characterized by the hypermetabolism of the
hippocampal and basal ganglia associated with the hypometabolism
of the cortical areas. Furthermore, the metabolic abnormality extent
between the hippocampus and the cortical areas was correlated with
the neurological disability of these patients.

Some previous studies have focused on exploring the
topography of the subtypes of AE, in order to provide
FIGURE 2 | The comparison of metabolism using the 18F-FDG PET scans of patients with encephalitis and healthy controls by SPM analysis. The T-maps show
the hypo-metabolism (cold) and hyper-metabolism (hot colors). The glucose metabolism increased in the left hippocampal region, and decreased in the extensive
bilateral prefrontal cortex, bilateral parietal, and limited left temporal cortex. The SPM T-maps were projected onto surface, rendering and axial views of an MNI 152
template. The number in each transaxial brain image indicates the distance (mm) from the anterior commissure-posterior commissure plane. P = 0.001 was
corrected. R, right; L, left.
TABLE 3 | Ratio of hippocampus to cortex correlation with scaled activities of
daily living.

Ratio r p

Hippocampus/Frontal lobe 0.529 0.008
Hippocampus/Parietal lobe 0.474 0.019
Hippocampus/Occipital lobe 0.413 0.045
Hippocampus/Temporal lobe 0.490 0.015
L_Hippocampus/L_Frontal lobe 0.538 0.007
L_Hippocampus/L_Parietal lobe 0.488 0.015
L_Hippocampus/L_Occipital lobe 0.457 0.025
L_Hippocampus/L_Temporal lobe 0.534 0.007
L, left.
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A

B

FIGURE 3 | The comparison of metabolism using the 18F-FDG PET scans of patients with FBDS and those without FBDS and healthy controls by SPM analysis.
The T-maps show the hypo-metabolism (cold) and hyper-metabolism (hot colors). The SPM T-maps were projected onto surface, rendering and axial views of the
MNI 152 template. The number in each transaxial brain image indicates the distance (mm) from the anterior commissure-posterior commissure plane. (A) Compared
to patients without FBDS, the glucose metabolism increased in the bilateral putamen and left cerebellum of patients with FBDS. P = 0.001 without correction.
R, right; L, left.(B) Compared to healthy controls, the glucose metabolism increased in the bilateral putamen, and decreased in the right frontal lobe of patients with
FBDS. P = 0.001 was corrected. R, right; L, left.
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characteristic metabolic patterns for the differential diagnosis
(17, 30, 31). Among these, merely one study investigated the
topography of certain anti-LGI1 encephalitis. This 18F-FDG
PET study focused on four patients with anti-LGI1 encephalitis
through SPM analysis, and discovered the topography of anti-
LGI1 encephalitis was partly consistent with the present study.
This study revealed the hypermetabolism in the cerebellar, basal
ganglia and occipital lobe, rather than in the hippocampal, as
well as the hypometabolism that was limited to the anterior
cingulate/frontomesial cortex (17). This discrepancy with the
present findings could be partly attributable to the differences in
sample size and disease course. When compared with all four
patients with an mRS score of 2, which indicated a relatively mild
disease status, these present patients had a moderate status with
an ADLs of 2.

The clinicopathological basis of this metabolic characteristic
of anti-LGI1 encephalitis AE remains unclear. A previous study
conducted a pathological analysis of patients with anti−LGI1
encephalitis, and reported the T−cell infiltration in the
hippocampus and amygdala (32). Direct T−cell-mediated
toxicity could result in increased 18F-FDG uptake in the
corresponding brain region (33, 34). Another previous study
reported LGI1 antibodies expression in the hippocampus and
neocortex (35). This could partly explain the abnormal metabolic
pattern in the neocortical region, as well as in the hippocampal
region. Furthermore, patients with anti-LGI1 encephalitis
presented with large-scale functional network disruptions, in
addition to the hippocampal damage, which contributed to the
extra-limbic clinical manifestations (36, 37). Given the higher
gradient of metabolic abnormalities in the hippocampus and
neocortex in patients with clinical neurologic disability, it was
speculated that a higher gradient is indicative of more severe
inflammation and functional connectivity impairment in the
brain. However, there is a need for longitudinal studies based
on the analysis of brain metabolic functional connectivity.

The SPM group-wise analysis revealed the increase in left
hippocampal glucose metabolism. Furthermore, the extent of the
left hippocampus hypermetabolism and cortical hypometabolism
was correlated with the neurological disability. The common left
hippocampal abnormalities in patients with anti-LGI1 encephalitis
could be partially due to the asymmetric distribution of LGI1
expression in the human brain. A study on 36 tissue sections of the
hippocampus and globus pallidus obtained from humans reported
the LGI1 expression was mainly in the left hemisphere (16).
Similarly, a study reported that the LGI1-antibody encephalitis
affected asymmetrically only one hemisphere, which was
contralateral to the affected limb for several months (18).

The hypermetabolism in the striatum could be a useful
biomarker for early-stages encephalitis, before apparent EEG,
MRI, or CSF abnormalities can be observed in patients with
FBDS (2, 14, 29). Partially consistent with the present study, in a
previous study conducted on five patients with FBDS, the 18F-
FDG PET study revealed the hypermetabolism in the not only
the striatum, bilaterally, and the amygdala, but also in the motor
primary cortex, as well as the hypometabolism in the prefrontal
cortex and right parietal associative areas (18). This discrepancy
Frontiers in Immunology | www.frontiersin.org 9338
may arise from the different threshold condition for the image
analysis. Compared with the P<0.05 corrected for multiple tests
using the false discovery rate method, the present study used a
more stringent condition with P<0.001 and the FWE correction
to compare patients with the controls.

The results of PET analysis between patients with scans < 12
weeks from symptom onset and those ≥ 12 weeks from symptom
onset showed no significant difference in the present study.
Although some cases have reported that the duration of
symptom onset is related to the metabolic pattern of
autoimmune encephalitis (11, 24, 38, 39), whether and how the
duration of symptom onset influences the metabolic pattern has
not been concluded in a large sample prospective study.
Compared with the duration of symptom onset, daily activities
score of patients can reflect objectively the stage of autoimmune
encephalitis. The median ADLs in this study was 2 (interquartile
range: 1.5), indicating that most patients were in acute or
subacute stage.

The present study has several limitations. First, this was a
retrospective study that included patients from a single tertiary
medical center, which could have resulted in selection bias.
Second, the investigators normalized brain activity values to
the average cerebellar activity rather than the average whole-
brain activity, and further studies are required to verify the
current findings. Third, eight patients with anti-LGI1
encephalitis in the present study were treated with steroids
within 24 hours of the initial brain 18F-FDG PET. Since the
corticosteroid effect could decrease the generalized cortical
metabolism (40), it should be carefully noted that the effect on
the whole-brain gradient metabolism pattern was slight. Finally,
the antibodies were tested by fixed CBAs. Compared to a live
CBAs, the fixed LGI1antibody CBAs can fail to detect some
patients with low levels of LGI1 antibodies (41). Considering the
present study was retrospective in nature, this factor has little
impact on the results.

Overall, it was observed that subcortical hypermetabolism
associated with cortical hypometabolism was the generalized
topography pattern of this syndrome. Furthermore, the extent
of this metabolic change between hippocampus and neocortical
region was correlated with the clinical neurologic disability.
When considering anti-LGI1 encephalitis has many
phenotypes, including FBDS, grand mal seizures, focal aware
motor seizures (FAMS), focal impaired awareness (FIAS) as well
as hyponatremia. Further FAMS have different metabolic pattern
from FBDS and FIAS (42) and hyponatremia may contribute to
aberrant brain metabolism (43), there is a need for further
prospective study to clarify the impacts of different phenotype
on the metabolic characteristics of anti-LGI1encephalitis.
CONCLUSIONS

In conclusion, hippocampal and basal ganglia hypermetabolism
co-existing with neocortical hypometabolism is a common
metabolic abnormality in anti-LGI1 encephalitis. Furthermore,
the extent of the metabolic gradient between the hippocampus
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and neocortical regions was positively correlated with the
neurologica l d isabi l i ty . In addi t ion, basa l gangl ia
hypermetabolism may contribute to the development of FBDS.
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Department of Neurology, Tong Ren Hospital of Capital Medical University, Beijing, China

Background: T follicular helper cells (Tfh cells) play an important role in activating B

lymphocytes and may associate with idiopathic Optic Neuritis (ON) and Neuromyelitis

Optica Spectrum Disorders (NMOSD).

Objective: This study aimed to examine the potential role of Tfh cells in pathogenesis

of idiopathic ON and NMOSD.

Methods: Circulating CD4+CXCR5+ and CD4+CXCR5+PD-1+ cells in 46 idiopathic

ON and 68 NMOSD patients as well as 28 healthy controls were examined by flow

cytometry before treatment. Serum AQP4 antibody, Expended Disability Status Scale

(EDSS) and Visual Outcome Scale (VOS) were detected before and after treatment.

Results: The percentages of circulating CD4+CXCR5+ and CD4+CXCR5+PD-1+Tfh

cells in CD4+ cells (%) were significantly increased in idiopathic ON and NMOSD

compared with those of healthy controls (p < 0.01). No significant difference of Tfh cells

in blood and cerebral spinal fluid (CSF) was found between ON and NMOSD patients.

The percentages of CSF, CD4+, CXCR5+, and CD4+CXCR5+PD-1+ cells in CD4+

cells (%) were positively correlated with those of the blood (r = 0.5781, r = 0.6079,

p = 0.0076, and p = 0.0045, respectively). EDSS scores of NMOSD group were higher

than those of ON group and the time course of NMOSD patients was longer than that

of ON patients (p < 0.01). After methylprednisolone treatment, both EDSS and VOS

scores were significantly decreased at discharge compared with before treatment (p <

0.01). There was no significant correlation among Tfh cell percentages in CD4+ cells,

CSF leukocytes, CSF protein, annual recurrence rate, EDSS and VOS scores between

two groups (p > 0.05).

Conclusion: The Circulating T follicular helper cells were increased in both idiopathic

ON and NMOSD.

Keywords: idiopathic optic neuritis, NMOSD, Tfh cells, AQP4-Ab, CD4+CXCR5+PD-1, CD4+CXCR5+ T cells
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INTRODUCTION

Idiopathic optic neuritis (ON) is a demyelinating inflammation
of the optic nerve caused by autoimmune reactions targeting the
optic nerve, which typically affects young adults ranging from 18
to 45 years of age. Patients usually present with acute reduction
of visual acuity, orbital pain exacerbated by eye movements,
dyschromatopsia, and afferent pupillary defect with or without
optic disc edema.

Neuromyelitis optica spectrum disorder (NMOSD) is a rare
and severe autoimmune disease of the central nervous system
(CNS) driven by pathogenic antibodies mainly directed against
aquaporin-4 (AQP4-Ab), which targets the AQP4 water channels
of astrocytes in CNS and preferentially involves the optic nerve,
spinal cord and posterior medullary area. NMOSD affects all
races and ages, however it is more popular in Asian population
and has a striking female preponderance. Because of its severely
disabling relapses, NMOSD has a much higher early morbidity
and mortality than multiple sclerosis (MS) (1). AQP4 antibody
was detected in the serum of about 70% of NMOSD patients,
suggesting a B cell-mediated immune pathology. However, there
are still some NMOSD patients with negative AQP4 antibody, in
which different immune mechanism might exist.

T follicular helper cell (Tfh cell) is a group of recently found
subset of CD4+. T cells, which plays an important role in
activating B lymphocytes. The stimulated B cells then produce
antibodies that induce humeral immune responses. Tfh cells
typically express CXC chemokine receptor 5 (CXCR5), inducible
co-stimulator (ICOS), programmed death 1 (PD-1), CD40 ligand
(CD40L) and other surface molecules. These characteristics are
obviously different from other T helper cell subgroups. Studies
have shown that CD4+CXCR5+ cell percentage in CD4+T cells is
elevated in the blood of patients with autoimmune diseases such
as Systemic Lupus Erythematosus (SLE) and Myasthenia Gravis
(MG) and is associated with antibody production. Based on
previous studies, we chose CD4+ CXCR5+ and CD4+ CXCR5+

PD-1+ T cells to represent Tfh cells in peripheral blood in this
study (2–5).

Although Tfh cells are related to antibody-mediated immune
response, it is unclear whether Tfh cells are involved in the
pathogenesis of idiopathic ON and NMOSD. So far, changes of
Tfh cells in idiopathic ON and comparative studies of Tfh cells
between idiopathic ON and NMOSD have not been reported.
Because idiopathic ON patients share some common courses of
early NMOSD, such as frequent relapses and steroid sensitive, we
postulated that its pathogenesis may be immune-mediated and
Tfh cells might be involved in idiopathic ON and NMOSD. The
purpose of the study was to investigate the potential role of Tfh
cells in pathogenesis of idiopathic ON and NMOSD.

METHODS AND MATERIALS

Patients and Clinical Information
This study was approved by the research ethics committee
of Beijing TongRen Hospital. All participants signed informed
consent. Acute phase idiopathic ON (n = 46) and high AQP4
level (AQP4 > 10 U/ml, n = 41) NMOSD patients who were

TABLE 1 | Demographic and clinical characteristics in idiopathic ON, NMOSD,

and HC groups.

Clinical

characteristic

Idiopathic

ON

NMOSD HC p-value

n 46 41 28

Male (%) 21 (45.7) 5 (12.2) 11 (39.3)

Female (%) 25 (54.3) 36 (87.8) 17 (60.7) p = 0.0002

Age, median (IQR) 34 (27–50) 37 (27–53) 29 (25–47) p = 0.211

First attack (%) 34 (73.9) 10 (24.4) p = 0.000

Relapses (%) 12 (26.1) 31 (75.6)

Course (months),

median (IQR)

0.75

(0.32–5.00)

24.0

(1.33–48.00)

p = 0.000

ARR, median (IQR) 1.63

(0.85–2.25)

1.00

(0.65–1.65)

p = 0.464

Time between the

last attack to

blood/CSF

sampling (days),

median (IQR)

9.43

(7.25–11.83)

8.83

(7.08–10.90)

p = 0.592

AQP4 value (IQR,

U/ml)

1.14

(0.62–1.58)

58.24

(34.73–8.58)

p < 0.0001

ON, optic neuritis; NMOSD, neuromyelitis optica spectrum disease; HC, health control;

IQR, interquartile range; ARR, annual recurrence rate.

hospitalized in our department fromMarch 2015 toOctober 2017
were recruited. Idiopathic ON diagnosis and inclusion criteria:
acute onset of unilateral or bilateral optic neuritis; no other
CNS lesions, negative serum AQP4 antibody, do not meet the
diagnosis of NMOSD or MS with optic neuropathy, and exclude
other infectious factors. NMOSD diagnosis: NMOSD diagnostic
criteria by the international optic neuromyelitis diagnostic unit
(IPND) in 2015 were adopted (6). A total of 28 healthy volunteers
were recruited as a control group (Table 1).

All patients underwent MRI examination of brain and spinal
cord. The history and clinical manifestation were recorded
in detail.

Functional evaluation: Expanded Disability Status Scale
(EDSS) scores were recorded before and after treatment. As
vision impairment is the main complaint in both of ON and
NMOSD patients of this study, Visual Outcome Scale (VOS)
scores were also recorded.

Sample Collection and Detection
Detection of AQP4 antibody: patients in the acute period who
were not given corticosteroid or immunosuppressive treatment
at least 1 month before admission had 2ml of blood drawn prior
to methylprednisolone treatment. The blood samples were added
to EDTA anticoagulant tubes and regular tubes, respectively.
Because our laboratory had no CBA method qualification
certification, the ELISA method was adopted for AQP4 antibody
test, using second-generation AQP4 ELISA Kit (ELISA RSR,
AQP4 Ab Version 2) (7), which targeted the M23 peptide of
AQP4-IgG. All procedures were done in strict accordance with
the instructions. Results were detected by microplate reader
(Thermo Fisher Scientific) and set ≥3 U/ml as the cut-off value
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for positive AQP4. To avoid false positive results, we excluded
low AQP4 level (3–10 U/ml) NMOSD patients in the study and
double confirmed with CBA method within our laboratory.

Detection of Tfh cells: Tfh cell percentages in CD4+ T
cells were detected by flow cytometry. Samples were added
with different fluorescence labeled anti-CD4-Ab anti-CXCR5-Ab,
anti-PD-1 Ab, and the same type of control, then added 100 ul
of fresh anticoagulant peripheral blood in each tube for 20min
of incubation without light. The cell lysate was added for 10min
to isolate lymphocytes (centrifugation, 1,500/min for 5min). All
tubes were then washed with PBS twice and analyzed by flow
cytometry (BD FACSCalibur). Cerebral spinal fluid was taken
from 20 patients, and Tfh cells in CSF were also detected by
flow cytometry.

Statistical Analysis
All results were statistically analyzed by SPSS 19.0 and Graphpad
Prism 8.3.0. Categorical variables were described by counts
and percentages, while non-normal distributed continuous and
ordinal variables by median and interquartile ranges (IQRs).
Demographic features of participants were compared using
the Fisher exact-test or the Wilcoxon-test. Paired t-tests were
used for comparing of EDSS and VOS scores before and after
methylprednisolone treatment in NMOSD andON groups. Non-
parametric-tests with the Steel-Dwass multiple comparison were
used to compare Tfh cells of the three groups. A Spearman rank
correlation test was used for the correlation analysis between Tfh
cells, AQP4 antibody and clinical parameters.

RESULTS

Clinical Characteristics of the Idiopathic

ON and NMOSD Patients
Relapses happened in 26% (12/46) of idiopathic ON and 75.6%
(31/41) of NMOSD patients, with ARR being 1.63 and 1.00,
respectively. The course of recurrent NMOSD was markedly
longer than that of idiopathic ON. AQP4 values of ON group
and NMOSD group (IQR) were 1.14 (0.62–1.58) U/ml and 58.24
(34.73, 78.58) U/ml, respectively (p < 0.0001).

Comparison of Blood Tfh Cells and CSF Tfh

Cell Between Idiopathic ON and NMOSD
The results indicated that the percentages of circulating
CD4+CXCR5+ and CD4+CXCR5+PD-1 Tfh cells in CD4+

T cells were significantly higher in both ON group and
NMOSD group than those of normal control group (p < 0.01;
Figures 1A–C). There was no significant difference of circulating
and CSF Tfh cell percentages CD4+ T cells between ON group
and NMOSD groups (p > 0.05; Table 2 and Figures 1D,E).

The results showed that the scores of EDSS and VOS were
significantly decreased at discharge after methylprednisolone
treatment compared with those at admission in both
groups (p < 0.01; Figures 2A–D).

Correlation analysis showed that peripheral blood
CD4+CXCR5+ Tfh cell percentages in CD4+ T cells were
positively correlated with CD4+CXCR5+PD-1 (r = 0.835, p <

0.01), as well as in CSF (r= 0.881, p< 0.01). Cerebral spinal fluid

TABLE 2 | Changes of circulating follicular helper T cell percentages in idiopathic

ON and NMOSD group.

Group Number CD4+CXCR5+ (%) CD4+CXCR5+-PD-1 (%)

Median (IQR) Median (IQR)

NMOSD 41 16.22 (13.14–19.89)** 10.09 (8.89–13.09)**

ON 46 16.97 (12.96–20.33)** 10.49 (8.14–11.95)**

HC 28 12.92 (8.35–15.04) 6.05 (4.78–7.23)

ON, optic neuritis; NMOSD, neuromyelitis optica spectrum disease; HC, health control;

IQR, interquartile range.

**Represent p < 0.01 compared with normal control group. The values in the table

represent the percentages of CXCR5+ and CXCR5+-PD-1+ cells in CD4+ T cells.

and peripheral blood CD4+CXCR5+ and CD4+CXCR5+PD-1
showed a positive correlation (r = 0.5781, r = 0.6079, p =

0.00076, p = 0.00045; Figures 3A,B). No significant correlations
were found between blood Tfh cell percentages and AQP4 values
(p > 0.05; Figures 3C,D). There was no obvious correlation
among Tfh, CSF leukocytes, CSF protein, annual recurrence rate,
EDSS and VOS scores between two groups (p > 0.05).

DISCUSSION

In our study NMOSD patients showed obvious female
predominance (31:10), while the male-female ratio in idiopathic
ON group was almost the same (25:21). Results showed that
the blood Tfh cell percentages of the two disease groups were
significantly higher than in the normal control group. The
percentages of Tfh cells in CD4+ T cells showed a positive
correlation between blood and CSF. All the idiopathic ON
patients’ serum AQP4 antibody were negative, but the average
annual recurrence rate of recurrent ON patients was not less
than that of NMOSD patients. The blood Tfh cells of idiopathic
ON were also significantly increased, and they were effective to
steroids treatment, indicating the possible immune-mediated
pathogenesis of idiopathic ON. We are not sure that whether
the first-onset idiopathic ON patients of this study are expecting
recurrences or will have developed NMOSD and MS in the
future, but it is obvious that Tfh cells were involved in the
pathogenesis of both diseases.

Up to now, a few studies have indicated that peripheral
blood Tfh cells were increased in patients with NMOSD (8–
12). Studies have shown that the percentages of peripheral
blood CD4+CXCR5+PD-1+Tfh cells in NMOSD patients were
increased compared with those in MS and healthy controls.
Memory Tfh cells and interleukin-21 were increased in peripheral
blood of patients with NMOSD, suggesting that Tfh is related
to NMOSD.

Previous studies have indicated that the percentages of
CCR7− and CCR7−ICOS+ memory Tfh cells were positively
correlated with the average ARR (9). However, our study
revealed no significant correlation between CD4+CXCR5+ and
CD4+CXCR5+PD-1+ Tfh cells with average ARR (r = 0.09,
p > 0.05; r = 0.13, p > 0.05, respectively). The different
results may be related to the different subtypes of Tfh cells
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FIGURE 1 | Comparison of Tfh cell percentage in CD4+ cells between HC, ON, and NMOSD groups. (A) The strategy for gating CD4+CXCR5+ and

CD4+CXCR5+PD-1+ cells from CD4+ cells. CD4+ cells were first gated from the peripheral blood lymphocyte. The CD4+CXCR5+ and CD4+CXCR5+PD-1 cells

were then gated from the CD4+ population. The data above the outlined area were the percentages of Tfh cells in CD4+cells in HC /ON/NMOSD groups. (B,C)

Comparison of percentages of blood CD4+CXCR5+ and CD4+CXCR5+PD-1 cells in CD4+ T cells between NMOSD, ON, and HC groups. (D,E) Comparison of

percentages of CSF CD4+CXCR5+ and CD4+CXCR5+PD-1 cells in CD4+ T cells between NMOSD, ON and HC groups.

FIGURE 2 | Comparison of EDSS and VOS scores before and after

methylprednisolone treatment in NMOSD and ON groups: (A) EDSS scores of

NMOSD at admission and discharge. (B) EDSS scores of ON at admission

and discharge. (C) VOS scores of NMOSD at admission and discharge. (D)

VOS scores of ON at admission and discharge.

studied. Tfh cells yield a population of cells that exit the GC
and lymphoid tissues and then return to the circulation as a
population of quiescent memory-type CD4+CXCR5+ T cells

(13). Tfh cells are heterogeneous as there are different subsets
of Tfh cells that have been studied, including CD4+CXCR5+

ICOS+, CD4+CXCR5+PD-1+, CD4+CXCR5+ ICOS+ PD-1+,
CD4+CXCR5+ CD57+, and CD4+CXCR5+ IL-21+T cells (14).
Since different groups used different markers for Tfh cell
identification, further investigation is warranted to determine
whether these markers are defining a different population of Tfh
cells and whether different subsets of Tfh cells are correlated
to ARR, states of disease, and prognosis. Our study further
confirmed that Tfh cell percentages on CD4+ T cells were
elevated in both the blood and CSF of NMOSD patients, and
it was the first study to demonstrate that the Tfh cells were
increased in the blood and CSF of idiopathic ON.We also found a
significant positive correlation between blood and CSF Tfh cells.
Therefore, we have deduced that activated blood Tfh cells may
activate B lymphocytes to produce antibodies, which might enter
the CNS through the blood-brain barrier and play a potential role
in the pathogenesis of idiopathic ON and NMOSD.

In this study, EDSS and VOS scores of NMOSD and
ON groups were significantly decreased at discharge after
methylprednisolone treatment as compared with those at
admission, indicating that methylprednisolone therapy is
effective both for idiopathic ON and NMOSD in the acute stage.
Feng et al. reported that corticosteroids might inhibit aberrant
circulating Tfh cell proportions in patients with systemic lupus
erythematosus (15). Nicolas et al. reported that the balance in
Tfh cell subsets is altered in NMOSD patients and restored by
rituximab (16, 17). Therefore, we speculated that the effects of
corticosteroids for idiopathic ON and NMOSD in the acute stage
might relate to inhibit aberrant circulating Tfh cell proportions
and circulating Tfh cell proportions might be a potential
indicator for immunosuppressive therapy in idiopathic ON and
NMOSD in the acute stage.
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FIGURE 3 | (A,B) Correlation analysis between CSF and blood Tfh cell percentages in CD4+ T cells of all patients with both blood and CSF samples. (C,D)

Correlation analysis between blood Tfh cell percentages in CD4+ T cells and AQP4 value of NMOSD patients.

The present study had some limitations. First, due to the
rarity of idiopathic ON and NMOSD, the number of patients
included in this study was limited. Studies of CSF samples in
the healthy control and non-inflammatory disease control group
need to be included. Second, CXCR5, ICOS, PD-1, CD40L and
other surface molecules are all characteristically expressed by
Tfh cells and are important for differentiate Tfh from other
T helper cell subsets. Various markers of Tfh cells, as well as
Tfh cell subsets are expected to be added to further clarify
their involvement in the disease pathogenesis. Fourth, cell-based
for the AQP4-IgG assessment (CBA) kit was not registered by
CFDA and our laboratory had no CBA method qualification
certification; therefore, we used the second-generation of AQP4
ELISA kit (RSR British Ltd, version 2) coated with the human
recombinant M23 isoform of AQP4 for the study. Compared
with the first generation of enzyme immunoassay kit (AQP4
M1 protein), the kit has higher sensitivity and specificity.
International registration studies showed that the sensitivity of
the second-generation ELISA kit was 77–89% (NMOSD) and the

specificity was 95–99% (healthy people) (7, 18). At present, AQP4
ELISA is also commonly used to study NMOSD internationally,
such as researches led by Mayo clinic and John Hopkins medical
center (7, 9, 19, 20). However, several studies have found that
ELISAmethod for AQP4 detection sometimes cause false positive
results. To avoid false positive, we choose high titer AQP4
NMOSD patients (AQP4 > 10 U/ml) and confirmed with CBA
method within our laboratory. Fifth, Although the blood Tfh
cells were increased in both of idiopathic ON and NMOSD, they
were not correlated to ARR, EDSS and VOS scores. Therefore,
further prospective longitudinal studies with a greater number of
patients and various Tfh cell markers are needed to confirm the
role of Tfh cells in idiopathic ON and NMOSD.

CONCLUSION

The circulating Tfh cells were increased in both idiopathic ON
and NMOSD. But whether and how they were involved in the
pathogenesis of the two diseases still needs further investigation.
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Background: Interleukin-6 receptor blockade is effective in reducing the risk of relapses
in neuromyelitis optica spectrum disorder (NMOSD). However, its efficacy during acute
attacks of NMOSD remains elusive.

Objective:We investigated the effects of tocilizumab on disability during acute attacks, as
well as its maintenance, in patients with moderate-to-severe myelitis.

Methods: Nineteen patients with NMOSD received tocilizumab treatment as add-on to
high-dose methylprednisolone (HDMP) in acute myelitis and twenty-two patients who only
received HDMPwere compared. Disease disability was assessed using a multi-level scaling
system that included the expanded disability status scale (EDSS), Hauser ambulation index
(HAI), modified Rankin scale (mRS), pain numerical rating scale (NRS), functional
assessment of chronic illness therapy-fatigue scale (FACIT-F), activity of daily living (ADL),
EuroQol five-dimensions-three-level questionnaire (EQ-5D-3L), and sensory function score
and bowel and bladder function score in Kurtzke functional systems scores (FSS).

Results: Improved EDSS, HAI, and mRS, as well as increased ADL and EQ-5D-3L were
significant in patients on tocilizumab compared with those on steroids as monotherapy at
3 months (p < 0.05). Both groups of patients showed improved pain, fatigue, sensory
function, and autonomic function at follow-ups, compared with baseline respectively. The
changes in NRS, FACIT-F, and sensory and autonomic FSS showed no significant
differences between the two groups. Tocilizumab significantly lowered the risk of
relapses (HR = 0.21, 95% CI 0.06–0.76, p = 0.017) and reduced the annualized
relapse rate compared with those by steroids (0.1 ± 0.2 vs 0.5 ± 0.6, p = 0.013).

Conclusion: Early initiation of tocilizumab provided a safe and effective add-on alternative
during attacks, and its maintenance contributed to a significant reduction of relapse rate
in NMOSD.
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INTRODUCTION

Neuromyelitis optica spectrum disorder (NMOSD) is a relapsing
autoimmune inflammatory disease of the central nervous system,
characterized by attacks of transverse myelitis, optic neuritis,
refractory hiccups, and other features of the nervous system (1–
3). The symptoms of myelitis are usually severe and affect the
quality of life of the patients (4–6). Early effective treatments during
acute attacks are necessary to reduce the risk of an increased
irreversible neurologic disability. High-dose methylprednisolone
(HDMP; 1000 mg/d for five consecutive days) is considered the
first-line standard care in acute attacks (7). Intravenous
immunoglobulin (IVIG), plasma exchange, or apheresis also show
benefits as add-on treatments in patients who are unresponsive to
HDMP (8–11). However, patients can still commonly experience
sequelae despite aggressive immunosuppression (12).

The role of IL-6 in the immunopathogenesis of acute attacks
in patients with NMOSD has recently been proposed. Sera and
Cerebro-Spinal Fluid (CSF) IL-6 levels were significantly higher
during attacks of myelitis in patients with NMOSD than in
patients with multiple sclerosis and correlated with the expanded
disability status scale (EDSS) (13, 14). In addition, CSF IL-6
levels correlated with those of AQP4-IgG and glial fibrillary
acidic protein, a marker of astrocyte damage (15). Pathogenic
IL-6 may also drive disease activity in NMOSD by promoting
B-cell differentiation into antibody-secreting cells, reducing
blood–brain barrier integrity, and activating proinflammatory
Th17 cells (16–18). By inhibiting the IL-6 signaling pathway with
IL-6 receptor monoclonal antibody, satralizumab or tocilizumab
significantly reduced the risk of relapses during periods of
remission of NMOSD (3, 19, 20). However, it remains
uncertain whether IL-6R inhibition is also highly effective
during acute attacks.

In this retrospective study, we aimed to investigate whether
the early initiation of tocilizumab treatment as an add-on during
acute attacks of moderate-to-severe myelitis, followed by regular
infusions, reduced the severity of disability and sustained long-
term efficacy by improving symptoms.
METHODS

Patients
We identified patients with confirmed NMOSD, according to the
2015 international consensus diagnostic criteria (21). All patients
were admitted to the Department of Neurology, Tianjin Medical
University General Hospital, between June 2017 and July 2020.
The criteria for inclusion were that 1) patients were experiencing
acute attacks, where 2) a moderate-to-severe myelitis attack was
defined as having any one of the following: EDSS ≥ 3.5 for the
first-ever myelitis (22) at least a two-point increase of the EDSS
score if the previous score was ≤5.0, or at least a one-point
worsening of their EDSS score if the previous score was ≥5.5. The
exclusion criteria were the patients who (1) used B-cell depleting
agents and complement inhibitors during attacks and remission,
(2) initiated tocilizumab therapy after acute attacks, and (3) lost
Frontiers in Immunology | www.frontiersin.org 2348
follow-ups (4) concomitant with other diseases that may affect
disability evaluation (e.g., stroke and Parkinson’s disease). The
study was approved by the Institutional Review Board of Tianjin
Medical University General Hospital.

Treatment, Clinical Evaluation,
and Outcomes
HDMP or HDMP+IVIG was administered to patients to treat
acute attacks. In the tocilizumab group, treatment with
tocilizumab was initiated at the dose of 8 mg/kg within 2 weeks
of the attack onset, followed by a routine infusion at 4-week
intervals. Prednisone was gradually tapered to 10–15 mg/day for
maintenance. In the prednisone group, prednisone was gradually
tapered to a dose of 10–15 mg/day for attack prevention
(Supplementary Figure 1).

We evaluated the disability of patients using a set of clinical
scales, including the EDSS, Hauser ambulation index (HAI),
modified Rankin scale (mRS), functional assessment of chronic
illness therapy-fatigue scale (FACIT-F), numerical rating scale
(NRS), activity of daily living (ADL) score, EuroQol five-
dimensions-three-level questionnaire (EQ-5D-3L), and sensory
function score and bowel and bladder function score in Kurtzke
functional systems scores (FSS). The scores were recorded and
calculated retrospectively from available records for the
following time periods: discontinuation of HDMP or HDMP+
IVIG (baseline) at 1, 3, 6, and 12 months and on follow-ups
(when available).

The primary outcome was an improvement of the EDSS score
at each time point. The secondary outcomes included score
changes from the baseline to the follow-up time points on the
following assessments: HAI, mRS, FACIT-F, NRS, ADL score,
EQ-5D-3L, and sensory function score and bowel and bladder
function score in FSS. An additional secondary outcome was the
annualized relapse rate (ARR), calculated as the total number of
attacks per patient, divided by the total observation time in years.
Attacks during follow-ups were defined as new or worsening
objective neurologic symptoms attributable to NMOSD, that
lasted for at least 24 h and occurred more than 30 days after
the previous attack (19, 20).

Adverse events (AEs) were recorded according to the
National Cancer Institute Common Terminology Criteria for
Adverse Events (NCI CTCAE) version 5.0.

Statistical Analysis
We performed statistical analyses using the Stata version 16
software (StataCrop LP, College Station, TX, USA). Data are
presented by n (%), mean (SD), or median (IQR). Categorical
variables were compared using the chi-squared test. Generalized
estimating equation (GEE) for within-participant correlations
of repeated outcome measures and adjusts for potential
confounding variables. Inter- and intra-group data difference
between the baseline and follow-ups were compared at different
time points by using multivariate analysis of covariance
(MANCOVA) to avoid confounding factors. Survival analysis
of relapse-free in two groups were performed by the
Kaplan–Meier method. Stratified Cox proportional hazards
October 2021 | Volume 12 | Article 660230
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regressions were conducted for subgroup analysis based on sex,
age of onset, disease duration, presence of AQP4-ab in serum
and number of previous attacks. P values < 0.05 were
considered significant.
RESULTS

Demographics and Baseline Clinical
Characteristics
After excluding 130 patients who did not meet the inclusive
criteria from the database, we identified 41 patients who were
experiencing acute attacks. Of these, 19 (46.34%) received
tocilizumab as an add-on treatment, and 22 (53.66%) received
steroids (prednisone) as the only treatment (Figure 1). All
patients experienced longitudinally extensive transverse
myelitis. The mean age at the most recent acute attack was
44.74 ± 15.83 years in the tocilizumab group and 52.68 ± 15.74
years in the prednisone group. Twenty-seven (65.85%) patients
were AQP4-IgG seropositive. Two (10.53%) patients from the
tocilizumab group and three (13.64%) patients from the
prednisone group also presented with optic neuritis. Ten
Frontiers in Immunology | www.frontiersin.org 3349
(52.63%) patients from the tocilizumab group and eight
(36.36%) in the prednisone group had symptomatic cerebral
syndrome. Tocilizumab treatment was initiated at 10.05 ± 4.93
days after the onset date of acute attacks. Demographic
characteristics are listed in Table 1.

EDSS, HAI, and mRS
For the primary outcome, tocilizumab reduced the median EDSS
scores from a baseline (i.e., at the time of attack onset) of 7.0
(IQR 3.5–8.0) to a median of 6.0 (IQR 2.5–7.0, p < 0.001) at 1
month, 3.5 (IQR 2.0–5.75, p < 0.001) at 3 months, and 2.5 (IQR
2.0–5.5, p = 0.003) at 6 months. At the 12-month follow-up,
EDSS scores of patients treated with tocilizumab declined to a
median of 2.0 (IQR 2.0–5.0, p < 0.001). EDSS scores of patients
from the prednisone group declined from a median of 7.0 (IQR
3.1–8.0) to a median of 6.3 (IQR 2.5–7.4, p < 0.001) at 1 month,
5.8 (IQR 2.0–6.9, p < 0.001) at 3 months, 4.0 (IQR 2.0–6.5, p =
0.003) at 6 months, and 4.0 (IQR 2.0–6.5, p = 0.109) at 12 months
(Figure 2A), indicating no further reduction in EDSS score
between the 6-month and 12-month periods. Inter-group
adjusted analysis showed that tocilizumab significantly reduced
EDSS scores at 3 months [median difference 1.5 (IQR (1.5–3.0)
FIGURE 1 | Flowchart of the patients enrolled in the study. The patients were retrospectively enrolled between June 1, 2017 and July 1, 2020. All patients were
admitted to the Department of Neurology, Tianjin Medical University General Hospital.
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vs 1.0 (IQR 0.6–1.5), p = 0.010] compared to those with
prednisone and that the effect was maintained until the 12-
month assessment [2.0 (IQR 1.5–4.8) vs 1.0 (IQR 1.0–2.0), p =
0.003] (Figure 2B).

The motor function was also evaluated using HAI and mRS.
The HAI score for patients in the tocilizumab group decreased
from a baseline median of 7.0 (IQR 1.0–8.0) to a median of 6.0
(IQR 1.0–7.5, p < 0.001) at 1 month, 4.0 (IQR 0.0–5.0, p < 0.001)
at 3 months, 2 (IQR 0.0–4.0, p < 0.001) at 6 months, and 1.0 (IQR
0.0–3.0, p = 0.009) at 12 months. The changing HAI scores for
patients on prednisone followed a similar trend (Figure 2C).
However, compared with prednisone, tocilizumab produced a
significant reduction in HAI score at 3 months, which persisted
over the following 9 months (Figure 2D). In mRS, both groups
of patients improved at 3 months and 6 months (Figure 2E)
compared with baseline. A significant reduction rate in mRS was
seen in the tocilizumab group compared to that in the
prednisone group, at 3, 6, and 12 months (p < 0.05) (Figure 2F).

Pain NRS and FACIT-F Scale
Changes in pain and fatigue levels in patients with NMOSD were
evaluated using NRS and FACIT-F, respectively. The NRS score in
the tocilizumab group decreased to a median of 5.0 (IQR 3.0–7.0,
p = 0.002) at 1month, 5.0 (IQR 2.0–5.0, p = 0.009) at 3 months, and
4.0 (IQR 1.5–5.5, p = 0.013) at 6 months, with no further decline
observed after 6 months. In the prednisone group, pain NRS
decreased to a median of 6.5 (IQR 2.5–7.0, p = 0.008) at 1
month and 6.0 (IQR 2.5–7.0, p = 0.013) at 3 months, with no
further reduction detected after 3 months (Figure 3A). Inter-group
multivariate analysis revealed no significant difference in the
Frontiers in Immunology | www.frontiersin.org 4350
reduced NRS between the two groups at the corresponding time
points (Figure 3B).

In the tocilizumab group, the FACIT-F score reduced from a
baseline median of 43 (IQR 16–47) to a median of 32.0 (IQR
12.5–36.5), p < 0.001) at 1 month, 24.0 (IQR 9.0–32.5, p = 0.002)
at 3 months, 21.0 (IQR 7.0–26.0, p = 0.004) at 6 months, and 15.0
(IQR 7.0–22.0, p = 0.014) at 12 months. In the prednisone group,
the FACIT-F score decreased from a baseline median of 41.5
(IQR 30.3–45.8) to a median of 37.0 (IQR 27.0–42.0, p < 0.001) at
1 month, 33.5 (IQR 23.8–39.0, p < 0.001) at 3 months, 29.0 (IQR
23.8–38.0, p = 0.004) at 6 months, and 27.0 (IQR 21.0–37.8, p =
0.025) at 12 months (Figure 3C). However, these changes in the
FACIT-F score showed no difference between the two groups
(Figure 3D). Compared with prednisone, tocilizumab did not
exhibit a higher efficacy as an add-on to improve pain
and fatigue.

Quality of Life
ADL was used to determine self-care ability in patients with
NMOSD. Tocilizumab significantly improved ADL from a
baseline median of 25.0 (IQR 20.0–95.0), to a median of 65.0
(IQR 45.0–95.0, p < 0.001) at 1 month, 85.0 (IQR 72.5–100, p <
0.001) at 3 months, and 90.0 (IQR 80.0–100, p = 0.002) at 6
months, with no further decline from the six-month follow-up
(p = 0.271). In the prednisone group, ADL improved from a
baseline median of 25.0 (IQR 15.0–90.0) to a median of 52.5 (IQR
25.0–95.0, p < 0.001) at 1 month, 67.5 (IQR 25.0–95.0, p = 0.006)
at 3 months, and with no further reduction thereafter. Inter-group
multivariate analysis revealed no significant difference in the
changes in improved ADL at 1 month from the baseline [10.0
TABLE 1 | Demographics and baseline clinical characteristics of patients with longitudinally extensive transverse myelitis (LETM) in neuromyelitis optica spectrum
disorder (NMOSD).

TCZ Prednisone p value

Number of patients(N) 19 22 /
Age at onset (year, mean ± SD) 44.74 ± 15.83 52.68 ± 15.74 0.077
Sex (F/total, percent) 16/19 (84.21%) 17/22 (77.27%) /
Anti-AQP4 (positive, percent) 12/19 (63.16%) 15/22 (68.18%) /
Treatment in acute attacks
HDMP (≥ 500mg/day) 17 (89.47%) 20 (90.91%) /
IVIG (0.4g/kg/d×5d) 1 (5.26%) 1 (4.55%) /
HDMP+IVIG 1 (5.26%) 1 (4.55%) /

Number of previous attacks (median, IQR) 2.0 (1.0-3.5) 3.0 (2.0-4.8) 0.073
Annualized relapse rate (mean ± SD) 1.18 ± 0.96 1.07 ± 1.74 0.872
Follow-up time (years, mean ± SD) 1.33 ± 0.63 1.10 ± 0.51 0.116
Concurrent involvement
Optic neuritis 2 (10.53%) 3 (13.64%)
Symptomatic cerebral syndrome 10 (52.63%) 8 (36.36%)
Acute brainstem syndrome 1 (5.26%) 1 (4.55%)

Score at onset of the acute attack
EDSS (median, IQR) 7.0 (3.5-8.0) 7.0 (3.1-8.0) 0.979
HAI (median, IQR) 7.0 (1.0-8.0) 7.0 (1.0-9.0) 0.592
mRS (median, IQR) 4.0 (0.0-5.0) 4.0 (1.0-5.0) 0.703
Pain (median, IQR) 6.0 (3.5-7.0) 7.0 (2.8-8.0) 0.504
FACIT-F (median, IQR) 43.0 (16.0-47.0) 41.5 (30.3-45.8) 0.958
ADL (median, IQR) 25.0 (20.0-95.0) 25.0 (15.0-90.0) 0.700
EQ-5D-3L (median, IQR) 0.26 (0.16-0.73) 0.20 (0.11-0.77) 0.580
FSS-Sensory function (median, IQR) 2.0 (2.0-3.0) 3.0 (2.0-3.0) 0.314
FSS-Bowel and bladder function (median, IQR) 1.0 (0.50-3.0) 1.0 (1.0-2.8) 0.914
October 2021 | Volume 12 | Article
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(IQR 2.5–35.0) vs 5.0 (IQR 5.0–8.0), p = 0.083]. However,
compared with patients on prednisone, in patients on
tocilizumab, significant improvements were seen at 3 months
[median difference 35.0 (IQR 5.0–52.5) vs 5.0 (IQR 5.0–10.0),
p = 0.002], 6 months [median difference 35.0 (IQR 5.0–65.0)
vs 5.0 (IQR 5.0–10.0), p = 0.003], and 12 months [median
difference 35.0 (IQR 5.0–65.0) vs 5.0 (IQR 5.0–10.0), p =0.003]
(Figures 4A, B).

EQ-5D-3L increased from a baseline median of 0.260 (IQR
0.157–0.733) to a median of 0.450 (IQR 0.313–0.792, p < 0.001)
at 1 month following the initiation of tocilizumab treatment. It
progressively and markedly improved to a median of 0.696 (IQR
0.460–0.841, p < 0.001) at 3 months, 0.783 (IQR 0.573–0.944, p =
0.004) at 6 months, and 0.795 (IQR 0.644–1.000, p = 0.009) at 12
months. In patients treated with prednisone, EQ-5D-3L showed
Frontiers in Immunology | www.frontiersin.org 5351
a similar trend until the 6-month follow-up, with no further
improvements detected (Figure 4C). Inter-group multivariate
comparison analysis revealed that patients on tocilizumab
showed a significant improvement in EQ-5D-3L compared
with that in patients on prednisone, at 3 months [median
difference 0.250 (IQR 0.126–0.349) vs 0.135 (IQR 0.086–0.214),
p = 0.044], 6 months [median difference 0.338 (IQR 0.135–0.467)
vs 0.198 (IQR 0.092–0.246), p = 0.025], and 12 months [median
difference 0.373(IQR 0.135–0.514) vs 0.224 (IQR 0.092–0.250),
p = 0.010] (Figure 4D).

Sensory and Autonomic (Bowel and
Bladder) Function
FSS was used to evaluate sensory and autonomic (bowel and
bladder) function. Tocilizumab marginally reduced the sensory
A B
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C

FIGURE 2 | Effects of tocilizumab and prednisone on motor function. (A) EDSS changes from the baseline to the one-year follow-up in the tocilizumab and
prednisone groups. (B) Comparison of EDSS reduction rate between the wo groups. (C) HAI changes and (D) comparison between the two groups. (E) mRS
changes and (F) comparison between the two groups. EDSS: expanded disability status scale; HAI: Hauser ambulation index; mRS: modified Rankin scale.
* represents a significant decline in score between the current and previous follow-ups. *p < 0.05; **p < 0.01; ***p < 0.001; NS, not significant.
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function score from a baseline median of 2.0 (IQR 2.0–3.0) to a
median of 2.0 (IQR 2.0–2.0) at 3 months (p = 0.001). However,
no significant decline was detected at the subsequent time points
(Figure 5A). In the prednisone group, scores for sensory
function showed no reduction at 1 month, compared with the
baseline [median 3.0 (IQR 2.0–3.0) vs 3.0 (IQR 2.0–3.0), p =
0.062]. Significant differences were detected until the 6-month
mark [median 2.0 (IQR 1.0–3.0), p = 0.001], and no further
decline was observed at subsequent time points (Figure 5B).

Changes in bowel and bladder function showed a similar
trend. FSS in patients treated with tocilizumab reduced from a
baseline median of 1.0 (IQR 0.5–3.0) to a median of 1.0 (IQR
0.5–2.0) at 6 months (p = 0.031). Patients treated with
prednisone also exhibited a decline in FSS at 6 months
[median 1.0 (IQR 0.0–1.0), p = 0.019] (Figure 5C). No
significant differences in the reduced FSS were found between
the two groups at the corresponding time points (Figure 5D).

Comparison of Efficacy Between AQP4-ab
Positive and AQP4-ab Negative Patients
The efficacy of tocilizumab in patients with AQP4-ab (+) and
AQP4-ab (-) patients are shown in Supplementary Tables S1
and S2, respectively. There were no significant differences in
Frontiers in Immunology | www.frontiersin.org 6352
disability index at between the two groups at baseline. After
12-month follow up, the patients showed no significant
differences in disability severity (including EDSS, HAI, mRS,
Pain NRS, FACIT-F, ADL, EQ-5D-3L, sensory function, and
bowel and bladder function) between the two groups (p > 0.05,
Supplementary Table S3 and Supplementary Figure S1).

Inter-group covariance analysis suggested that AQP4-ab (+)
patients with tocilizumab had better response in EDSS, HAI,
mRS, pain NRS, FACIT-F, ADL, and EQ-5D-3L, compared with
those with prednisone at 12-month follow-up. However, in
AQP4-ab (-) patients, we did not find any significant
differences in all disability index between the tocilizumab
group and the prednisone group at 12-month follow-up
(Supplementary Table S4).

Relapses and Survival Analysis
Three patients (15.79%) in the tocilizumab group relapsed
during follow-ups (Figure 6A). One patient had a relapse with
brainstem involvement 1 year later, after prolonging the
tocilizumab infusion interval over 2 months, owing to
circumstances arising from the COVID-19 pandemic. Another
patient, following discharge due to hyperglycemia, quickly
withdrew oral corticosteroids, and had right optic neuritis 3
A B
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FIGURE 3 | Effects of tocilizumab and prednisone on pain and fatigue. (A) Pain NRS changes at baseline, 1 month, 3 months, 6 months, and 12 months in patients
receiving tocilizumab and prednisone. (B) Pain NRS reduction rate was compared between the two groups. (C) FACIT-F score changes at the baseline, 1 month, 3
months, 6 months, and 12 months in patients receiving tocilizumab and prednisone. (D) Comparisons of FACIT-F reduction rate between the two groups. FACIT-F:
Functional Assessment of Chronic Illness Therapy-Fatigue Scale; NRS: numerical rating scale. *p < 0.05; **p < 0.01; ***p < 0.001; NS, not significant.
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months later. The third patient relapsed 5 months after the
initiation of tocilizumab treatment and experienced numbness
and weakness in both lower limbs; MRI results showed
longitudinal myelitis (T2–T8).

Eleven (50.0%) patients in the prednisone group relapsed
(Figure 6B). Seven patients experienced disability in walking, two
presented numbness of limbs, one had optic neuritis, and one
developed a stubborn hiccup. Among the patients experiencing new
attacks, those treated with tocilizumab showed lower EDSS
increment than those treated with prednisone after adjusting
confounding factors (1.13 ± 0.63 vs 2.40 ± 1.38, p = 0.027)
(Figure 6C). Other parameters including HAI, mRS were also
compared before and after relapses, as shown in Supplementary
Table S5 and Supplementary Figure S2. Generally, patients with
prednisone tended to show a worse disability at new attacks
compared with those in the tocilizumab group.

Compared with prednisone, tocilizumab showed significant
reduction in the risk of relapses (HR = 0.21, 95% CI, 0.06–0.76, p =
0.017) (Figure 6D). Although both groups of patients displayed
reduced ARR, the reduction was more significant in the
tocilizumab group (from 1.18 ± 0.96 to 0.10 ± 0.20) than in the
prednisone group (from 1.07 ± 1.74 to 0.54 ± 0.62) (p = 0.013;
Figure 6E). We further performed stratified cox proportional
hazards regressions for subgroup analysis based on sex, age of
Frontiers in Immunology | www.frontiersin.org 7353
onset, disease duration, presence of AQP4-ab, number of previous
attacks and time to initiation of tocilizumab. The results showed
no significant difference at all the above index in reducing relapse
risks (Supplementary Figure S3).

Safety Considerations
AEs were recorded for patients who received tocilizumab
(Table 2). We detected no severe infection during the follow-
ups. The most common AE was hepatotoxicity (n = 10, Grade 1).
Sixteen patients experienced hypoproteinemia after two cycles of
tocilizumab. Laboratory examinations revealed anemia in 11
patients (1 with Grade 2 and 10 with Grade 1). Hyperlipidemia
(Grade 1) occurred in nine patients. Headache (n = 1, Grade 1),
nausea (n = 1, Grade 1), increased D-dimers (n = 3), and urinary
tract infections (n = 1, Grade 3) were also recorded. No patients
experienced AEs of Grades > 3.We recorded no serious side effects
that resulted in the discontinuation of tocilizumab treatment.
DISCUSSION

Few studies have shown the efficacy of disease-modifying drugs
in acute attacks of NMOSD. Our study is the first to explore the
effects of early initiation of tocilizumab in acute attacks on the
A B
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FIGURE 4 | Effects of tocilizumab and prednisone on quality of life. (A) Changes of ADL score at baseline, 1 month, 3 months, 6 months, and 12 months in patients
receiving tocilizumab and prednisone. (B) Comparisons of ADL improvements between the two groups. (C) Changes in EQ-5D-3L score at baseline, 1 month, 3
months, 6 months, and 12 months in patients receiving tocilizumab and prednisone. (D) Comparisons of EQ-5D-3L improvements between the two groups. ADL:
activity of daily living; EQ-5D-3L: EuroQol Five-dimensions Three-level questionnaire. *p < 0.05; **p < 0.01; ***p < 0.001; NS, not significant.
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disability and quality of life of patients with moderate-to-severe
myelitis in NMOSD.

This study showed that the early combination of tocilizumab
with high-dose steroid treatment significantly improved
disability, compared with that by treatment with steroids only,
in patients experiencing acute attacks of myelitis. Contrary to
prior studies of IL-6R inhibition in NMOSD, wherein treatment
with the IL-6R monoclonal antibody satralizumab was started
after 30 days of acute attacks, tocilizumab treatment was initiated
within 2 weeks of attack onset in the present study. A remarkable
improvement in disability was observed at 3 months (i.e., after 3
cycles of tocilizumab). Moreover, tocilizumab was well-tolerated
and highly effective at preventing attacks.

We used multiple scales to evaluate ambulatory motor
function with tocilizumab treatment and compared the results
with those obtained from treatment with steroids only.
Specifically, the early use of tocilizumab was associated with
improved ambulatory motor function, as shown from the
assessment of EDSS, HAI, and mRS. However, treatment using
only steroids also contributed, to some extent, to improved
EDSS, HAI, and mRS scores. This indicates that tocilizumab
may be effective when used early, in cases of severe disability or
therapy-resistant active NMOSD, by reducing EDSS scores (23).

Intractable neuropathic pain and fatigue are two characteristic
clinical symptoms in NMOSD (24). Fatigue might be correlated
with a change in DAS28e and in pain (25). Consistent with previous
Frontiers in Immunology | www.frontiersin.org 8354
case studies that showed improved pain and fatigue in patients with
NMOSD (26), our study suggested that both neuropathic pain and
fatigue during attacks could be improved with tocilizumab as an
add-on or with steroids only. We detected no significant difference
in the reduction of pain NRS or FACIT-F scores when comparing
the two groups of patients. Similarly, in the SakuraSky trial, IL-6R
inhibition with satralizumab showed no difference in neurologic
pain and fatigue between the baseline and the endpoint of the study
(19). As an add-on, tocilizumab showed no superiority to steroids,
except in reducing the severity of pain and fatigue. Animal models
showed that spinal IL-6 may mediate the mechanism underlying
chronic pain (27). Although we observed a slow decrease in NRS
during the period of remission, there was no difference between 1
month and 6 months following the attacks. Further studies
involving larger samples of patients receiving tocilizumab are
required to determine whether IL-6R inhibition would contribute
to reducing pain during long-term infusions.

NMOSD negatively affects the quality of life of patients, their
families, and their social network (4). We provide evidence that
the early use of tocilizumab as an add-on during attacks
accelerated the improvement of the self-care ability and health
status compared with those in patients who received steroids
only. These findings mirrored the efficacy of tocilizumab in
rheumatoid arthritis using EQ-5D (28). Bladder and bowel
dysfunction is common in patients with a history of myelitis
and usually occur early in the course of the disease (29). In our
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FIGURE 5 | Effects of tocilizumab and prednisone on sensory function and autonomic (bowel and bladder) function. (A) Changes of FSS sensory function score at
baseline, 1 month, 3 months, 6 months, and 12 months in patients receiving tocilizumab and prednisone. (B) Comparisons of FSS sensory function score reduction rate
between the two groups. (C) Changes of FSS bowel and bladder function score in patients with neuromyelitis optica spectrum disorder (NMOSD). (D) Comparisons of
FSS bowel and bladder function score reduction between the two groups. *p < 0.05; **p < 0.01; NS, not significant.
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study, sphincter function tended to significantly improve earlier
in patients receiving tocilizumab, compared with that of patients
receiving corticosteroids, especially in the first 6 months. The
sequela was notably less severe after the 1-year follow-up.

Our results show the efficacy of tocilizumab in reducing
disability is significant especially in AQP4-ab (+) NMOSD
patients. However, we did not find superiority of tocilizumab
over prednisone in AQP4-ab (-) patients. One possible
explanation is that the effect of IL-6 receptor signaling shows
different between seropositive NMOSD versus seronegative
NMOSD. Besides, the small number of AQP4-ab (-) patients
may result in the bias in comparing the efficacy between
tocilizumab and prednisone.

A few studies showed a decrease in ARR following low-dose
steroid therapy (30, 31), as was observed in the present study.
However, treatment with steroids resulted in a higher ARR than
Frontiers in Immunology | www.frontiersin.org 9355
treatment with tocilizumab. Although fewer patients receiving
tocilizumab experienced further relapses, the severity of disability
due to new attacks was clearly milder that that experience by
patients receiving steroids. This advantage of tocilizumab over
steroids requires long-term follow-ups with more patients.

There are several limitations to this study. First, the sample
size was small and the study only included Chinese patients.
Second, the data was obtained from a retrospective design and
prospective studies will be needed to provide solid evidence of
early usage of tocilizumab in acute attacks of NMOSD. Third, the
pain NRS score failed to differentiate between types of pain. For
example, pain localized on the skin and painful tonic spasms may
be affected by segmental myelitis. Different types of pain could
also influence the quality of life in various ways. Finally, objective
markers such as AQP4-IgG titers, spinal cord volume, and
neurofilament were not measured. The extent to which
A B
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FIGURE 6 | Patient relapses. Three patients relapsed in the tocilizumab group, and expanded disability status scale (EDSS) scores were compared before and after
the relapse. (B) Eleven patients relapsed in the prednisone group, and EDSS scores were compared before and after the relapse. (C) Comparisons of EDSS changes
between the two groups. (D) Kaplan–Meier curve estimating the proportion of patients who experienced no relapses during two years of follow-up in the two groups.
(E) ARR after tocilizumab or prednisone treatment during follow-ups. ARR, annualized relapse rate.
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tocilizumab would affect these variables warrants further
prospective study.

In conclusion, our study showed that tocilizumab treatment
can effectively be initiated during acute attacks of NMOSD and
can be followed by regular infusions. This strategy may accelerate
improvements in disability and reduce the relapse rate, thereby
providing new insights into treatment options for NMOSD.
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