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Abstract

Objectives: Autoimmune mechanisms are related to disease development in a subgroup of
patients with psychosis. The contribution of immunoglobulin G (IgG) antibodies against
myelin oligodendrocyte glycoprotein (MOG) is mainly unclear in this context. Methods:
Therefore, two patients with psychosis and anti-MOG antibodies — detected in fixed cell-based
and live cell-based assays — are presented. Resulfs: Patient 1 suffered from late-onset psychosis
with singular white matter lesions in magnetic resonance imaging (MRI) and intermittent
electroencephalography (EEG) slowing. Patient 2 suffered from a chronic paranoid-hallucina-
tory disorder with intermittent confusional states, non-specific white matter alterations on
MR, a disorganised alpha rhythm on EEG, and elevated cerebrospinal fluid protein. Both
patients had anti-MOG antibody titres of 1 : 320 in serum (reference < 1 : 20). Conclusions:
The arguments for and against a causal role for anti-MOG antibodies are discussed. The anti-
bodies could be relevant, but due to moderate titres, they may have caused a rather ‘subtle clini-
cal picture’ consisting of psychosis instead of ‘classical’ MOG encephalomyelitis.

Significant outcomes

« Antibodies against myelin oligodendrocyte glycoprotein (MOG) are considered patho-
genic and associated with MOG encephalomyelitis, which is a demyelinating central nerv-
ous system disease with an expanding clinical spectrum.

o Therefore, two patients with psychosis and anti-MOG antibodies (detected via fixed cell-
based and live cell-based assays), non-specific MRI and EEG alterations, and increased
cerebrospinal fluid protein (in only one of these two patients) are presented.

 The anti-MOG antibodies could be relevant, but due to moderate titres, they may have
caused a rather ‘subtle’ clinical picture consisting of psychosis instead of ‘classical’
MOG encephalomyelitis.

Limitations

o Neither case featured the established clinical symptoms or diagnostic findings associated
with ‘classical’ MOG encephalomyelitis or definite autoimmune psychosis.

« A false-positive assay was unlikely due to testing in two laboratories with different method-
ologies. However, the anti-MOG antibodies could have been 1) correct-positive but not
clinically relevant, 2) correct-positive but not functional, or 3) coincidental.

« To prove an association between psychosis and anti-MOG antibodies would require more
clinical cases, and researchers must more fully study the biochemistry of the antibodies,
especially in patients with psychosis.

Background

Schizophreniform psychoses are severe mental disorders that often result in significant impair-
ment of the quality of life (Owen et al., 2016; Dziwota et al., 2018). Immunological causes have
been identified in a small subset of patients, recently summarised as autoimmune psychosis
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(AP) (Pollak et al, 2020). AP cases typically occur due to anti-
neuronal antibodies against cell-surface antigens (e.g. against the
N-methyl-D-aspartate receptor [NMDA-R]) but are also, albeit
rarely, associated with antibodies against intracellular antigens
(e.g. with anti-Hu antibodies) (Pollak et al., 2020). However, the
role of anti-myelin antibodies against MOG in this context
remained unclear, and they are usually not examined in the routine
workup of patients with psychosis (Endres et al, 2020a; 2020b;
Pollak et al., 2020). Anti-MOG antibodies were originally assumed
to be involved in multiple sclerosis (MS) (Lalive et al., 2006).
Recent studies have reported relevant associations between anti-
MOG antibodies and optic neuritis, myelitis, brainstem encepha-
litis, and - predominantly in children - acute disseminated
encephalomyelitis (ADEM)-like presentations (Mariotto et al.,
2017; Waters et al., 2020). Based on a growing number of research
studies, anti-MOG antibody-associated disorders are now consid-
ered to constitute a separate disease entity from MS, and the term
MOG encephalomyelitis has been established (Jarius et al., 2018).
MOG encephalomyelitis is particularly characterised by symptoms
of monophasic or recurrent acute optic neuritis, myelitis, encepha-
litis, brainstem encephalitis, or any combination of these
syndromes. Recently, an expansion of the spectrum of symptoma-
tology has been described, including disturbance of consciousness,
behavioural changes, and epileptic seizures (Jarius et al., 2018). The
median age at onset of MOG encephalomyelitis patients was 35
years, with 59% of them being female, and the disease course
was mostly relapsing (50%) (Jarius et al., 2020). According to rec-
ommended indications for anti-MOG antibody testing, diagnostic
examinations should show abnormalities in magnetic resonance
imaging (MRI), cerebrospinal fluid (CSF), and electrophysiological
investigations (Jarius et al., 2016a 2016b; 2018). The anti-MOG
immunoglobulin G (IgG) antibodies are mostly produced extra-
thecally, and serum titres are therefore higher than CSF levels,
so serum detection is usually sufficient (Jarius et al, 2016b,
2018). In 77% of cases, a brain MRI has shown abnormalities,
mostly with infratentorial lesions (32%) or non-specific lesions
(23%), while spinal cord MRI has shown pathologies in 58% of
cases (Mariotto et al., 2017). In more than 50% of CSF samples,
the white blood cell count has been elevated and a blood-CSF
barrier dysfunction has been detected in 48% of the affected
patients (Jarius et al, 2020). Electrophysiological investigations
may reveal altered visually evoked potentials (VEPs) in patients
with optic neuritis (Jarius et al., 2018). Treatment approaches in
acute attacks suggest the use of high-dose corticosteroids and
plasma exchange; for maintenance therapy azathioprine, myco-
phenolate mofetil, or rituximab are used (Whittam et al., 2020).

The rationale of this article is to present and discuss a possible
relationship between psychosis and anti-MOG antibodies based on
two case reports.

Methods

A retrospective analysis of a cohort of lumbar-punctured patients
from the Department of Psychiatry and Psychotherapy of the
Medical Center of the University of Freiburg was approved by
the local ethics committee (Faculty of Medicine, University of
Freiburg, No. 396/18). The positive anti-MOG antibody finding
in patient 2 has already been reported in earlier papers (Endres
et al., 2020b, 2020c), but written informed consent was obtained
additionally from both patients for the preparation of this cumu-
lative case report. Two thoroughly investigated cases of patients
with schizophreniform psychosis and anti-MOG antibodies in
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serum can therefore be presented. Both patients were diagnosed
following the principles of the Freiburg Diagnostic Protocol in
Psychosis (Endres et al., 2020b).

Results

The clinical courses and findings of both patients are summarised
in Fig. 1 and Table 1.

Patient 1

A 59-year-old female patient presented with an acute-onset para-
noid-hallucinatory syndrome lasting more than 3 weeks. She expe-
rienced paranoid thoughts about her neighbours and heard voices
that were encouraging her to commit suicide. She was experiencing
states of anxiety and felt threatened. Over the course of a year, she
became increasingly anxious about the people surrounding her.
Her father had died a year previously, and family members sus-
pected that this might have triggered the psychotic episode. She
had not experienced psychotic symptoms in the past, but had taken
part in a long-term outpatient rehabilitation program for alcohol
abuse at the age of 57.

Diagnostic findings

Neurological examination showed no pathological findings. Anti-
MOG antibodies were repeatedly positive in serum using fixed bio-
chip assays, but negative in CSF. Using live cell-based assays, an
antibody titre of 1 : 320 (ref. < 1 : 20) was detected. CSF analysis
showed no pathological findings. Due to a possible familial predis-
position to dementia, dementia markers in the CSF were investi-
gated at an external reference laboratory (University Hospital,
Gottingen, Germany). The findings were unremarkable, except
for elevated phospho-tau of 82 pg/ml (ref.: <61 pg/ml). MRI iden-
tified singular, non-specific white matter lesions. ICA of the EEG
revealed a pronounced intermittent rhythmic theta activity (IRTA)
on the right occipital side (6.6 Hz). The VEPs and sensory evoked
potentials were inconspicuous.

Somatic illness and family history

The patient reported to have been smaller, paler, and more fre-
quently sick than her two sisters. She suffered from Hashimoto’s
thyroiditis but had no history of cancer or neurological disorders.
Also, there was no known family history of autoimmune disorders.
Her parents, however, did develop dementia in late life.

Treatment

The patient was treated with risperidone and olanzapine, leading to
clinical improvement. However, in stressful situations, auditory
hallucinations recurred. No immunotherapy was performed.

Patient 2

A 53-year-old male patient suffered from a chronic paranoid-hal-
lucinatory syndrome with intermittent states of confusion. The
current episode was characterised by thought insertion of contents
of his own past, thought withdrawal, intrusive thoughts, and rumi-
nation. He repeatedly experienced states of confusion lasting from
minutes to hours wandering around in a disoriented manner. In
the past, he had suffered from abuse of multiple substances
(amphetamine/cocaine/ecstasy/cannabis/LSD), beginning at the
age of 26, and had developed psychotic episodes with intermittent
exacerbations, chronification, and reduced functioning since the
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Fig. 1. Clinical course of two patients with anti-MOG autoantibody-associated schizophreniform psychosis. Patients 1 and 2 showed singular, non-specific white matter lesions
(marked with arrow) in the magnetic resonance imaging. The white matter changes in patient 1 were somewhat more prominent, but still non-specific. In time-frequency analysis
of selected independent components of the clinical electroencephalography sessions, patient 1 had right occipital intermittent rhythmic delta activity (component 7; peak at
6.6 Hz, distinct from 9 Hz alpha), patient 2 had a disorganised alpha activity (component 6; peaks at 9.8 and 13 Hz), which normalised after valproate treatment (component 2; peak

at 11.3 Hz).

age of 31. Due to the psychotic symptoms, he was hospitalised sev-
eral times and received a variety of psychotropic drugs.

Diagnostic findings

Neurological examination showed no pathological findings. Anti-
MOG antibodies were repeatedly positive in serum using fixed
cell-based assays, but negative in CSF. Live cell-based assays dem-
onstrated titres of 1 : 320 (ref.: <1 : 20). Routine CSF analysis
showed an increased protein concentration but otherwise normal
findings. MRI analyses revealed no inflammatory lesions. The ICA
analysis detected a strong disorganised alpha rhythm with multiple
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lateral generator areas at 9.8 Hz and one central occipital area at
13 Hz. The VEPs were inconspicuous on both sides.

Somatic illness and family history

The patient has no history of cancer, autoimmune, or neurological
disorders, but his mother and grandfather both suffered from
bowel cancer.

Treatment
During his most recent episode, the patient had received risperi-
done in addition to prescribed venlafaxine. This led to an
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Table 1. Diagnostic findings in both patients (all altered findings are marked in bold). Serum was screened for anti-neuronal antibodies against intracellular antigens
(Yo, Hu, CV2/CRMPS5, Ri, Mal/2, SOX1, Tr, Zic4, GAD65, amphiphysin) using an immunoblot (Ravo-Blot, Freiburg, Germany); serum and CSF samples were examined for
anti-neuronal cell-surface antibodies (NMDA-R, LGI1, CASPR2, AMPA1/2-R, GABA-B-R, DPPX) by fixed cell-based biochip assays (Euroimmun assays, Libeck, Germany);
and serum was analysed for AQP4 and MOG antibodies using biochip assays (Euroimmun assays, Liibeck, Germany). A live cell-based assay for anti-MOG antibody
detection was also performed (Labor Krone, Bad-Salzuflen, Bielefeld, Germany). EEGs were analysed using independent component analysis (ICA). MRIs and VEPs were
investigated visually by experienced senior physicians.

Patient 1 : 59 years, acute course

Patient 2 : 53 years, chronic course

Serum

Anti-thyroid antibodies (against TPO, N.a. Negative

TG and TSH-receptor)

ANAs, ANCAs, APAs ANAs negative, ANCAs n.a., APAs n.a. Negative

Complement factors (C3, C4) Normal Normal

1gG, 1gM and IgA levels Normal 1gG and IgM normal, IgA slightly decreased (0.49 g/L;
ref.: 0.70-4 g/l)

Rheumatoid factor N.a. Normal

Serology for Lyme disease or lues N.a. Negative

Paraneoplastic IgG antibodies against ~ Negative Negative

intracellular antigens

Neuronal 1gG cell-surface antibodies Negative Negative

Anti-MOG IgG antibodies (biochip Positive Positive

assay)

Anti-MOG IgG antibodies (live cell-
based assay)

Positive (Titre: 1 : 320; ref.: <1 : 20)

Positive (Titre: 1 : 320; ref.: <1 : 20)

Anti AQP4-1gG antibodies

Negative

Negative

MRZ reaction

N.a.

Negative

CSF

White blood cell count

2/pL (ref.: <5/pL)

2/pL (ref.: <5/uL)

Protein concentration

287 mg/| (ref. <450 mg/l)

552 mg/l (ref. <450 mg/l)

Albumin quotient

4.1 (ref.: <8 x 1073)

6.5 (ref.: <8 x 1073)

IgG-index 0.48 (ref.: <0.7) 0.57 (ref.: <0.7)
Oligoclonal bands in serum/CSF Negative/negative Negative/negative
Neuronal 1gG cell-surface antibodies Negative Negative
Anti-MOG IgG antibodies (biochip Negative Negative

assay)

Anti-MOG IgG antibodies (live cell- Negative Negative

based assay)

MRI of the brain

Singular, non-specific white matter lesions

Singular, non-specific white matter alterations

MRI of the spine

No clear evidence of a myelon lesions

No clear evidence of a myelon lesions

FDG-PET Questionable low hypometabolism right temporal, N.a.
primarily non-specific; in addition, relative hyper-
metabolism striatal, also most likely non-specific
(e.g. as a result of neuroleptic treatment).

Furthermore, age-related cerebral glucose metabolism

EEG

Visual analyses

Inconspicuous

Inconspicuous

ICA analyses

Pronounced intermittent rhythmic theta activity on
the right occipital side (6.6 Hz)

Disorganised alpha rhythm (9.8 Hz) with different
rather lateral generators and a central occipital one
(13 Hz). After valproate administration, there was a
well-organised central occipital alpha rhythm (corre-
sponding to the above 13 Hz component) at now

113 Hz
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Patient 1 : 59 years, acute course

Patient 2 : 53 years, chronic course

Visual evoked potentials Inconspicuous on both sides

Inconspicuous on both sides

Neuropsychological testing

ity

CERAD: Abnormalities in phonematic word fluency,
verbal memory performance and cognitive flexibil-

TAP: Below-average psychomotor processing speed
with stable reaction times in computer-based testing
in the areas of concentration and attention, as well
as in the area of working memory. Severe limita-
tions in the area of cognitive flexibility

ANAs, antinuclear antibodies; ANCAs, anti-neutrophil cytoplasmic antibodies; APAs, antiphospholipid antibodies; AQP4, anti-aquaporin 4; CERAD, Consortium to Establish a Registry for

Alzheimer’s Disease; CSF, cerebrospinal fluid; EEG, electroencephalography; FDG-PET, [18F]fluorodeoxyglucose positron emission tomography; ICA, independent component analysis; Ig,
immunoglobulin; MRI, magnetic resonance imaging; MRZ, antibody indices against measles, rubella, and varicella zoster virus; N.a., not available; ref., reference; TAP, test of attentional
performances; TG, thyroglobulin; TPO, thyroid peroxidase; TSH, thyroid-stimulating hormone receptor.

improvement regarding psychotic symptoms. Following addi-
tional treatment with valproate, the intermittent confused states
vanished, and the EEGs showed a well-organised occipital alpha
rhythm, now at 11.3 Hz. Negative symptoms persisted. No
immunotherapy was performed.

Discussion

Two cases of anti-MOG antibody-positive psychosis are presented
in this article: Patient 1 had late-onset psychosis, non-specific
white matter changes in the MRI, and EEG slowing. Patient 2
had a severe chronic course, non-specific MRI and EEG altera-
tions, and an increased protein concentration in the CSF. In the
further course of this article, we will review the relevant literature,
put the two cases into perspective, and discuss the possible causal
significance of the observed anti-MOG antibodies in these cases.

Current state of the literature

The literature to date is limited; a PubMed search on March 7,
2021, using the keywords ‘(MOG AND psychosis) OR (MOG
AND schizop*)’ resulted in only 26 hits. A large serum survey
of 1378 patients with schizophrenia showed a prevalence of
anti-MOG antibodies of 1.1%, with IgG antibodies described for
only one patient (0.07%; 4 patients had IgA and 10 had IgM anti-
bodies). In comparison, in the healthy control group of 1694 peo-
ple, only 0.5% showed seropositivity for anti-MOG antibodies, and
one patient (0.06%) showed IgG seropositivity (six patients had
IgM and two had IgA antibodies) (Dahm et al., 2014). The titre
range was described as 1 : 10-1 : 320, but in the single patient
and control subject with positive results for anti-MOG IgG anti-
bodies there were no further reports of additional clinical investi-
gations or other individual clinical data. In neurology, generally
only anti-MOG IgG antibodies are investigated, since the relevance
of isolated IgM or IgA antibodies remains unclear (Mariotto et al.,
2017; Jarius et al., 2018). A smaller case series of 76 schizophrenia
patients and 34 controls merely investigating anti-MOG IgG anti-
bodies, revealed that all the patients and controls were negative
(Mantere et al., 2018). In another study, Gerhards and colleagues
investigated antibodies against another myelin protein, oligoden-
drocyte myelin glycoprotein (OMGP), in patients with different
inflammatory neurological diseases (N =429), non-inflammatory
disease controls (N = 45), and healthy individuals (N = 114). They
detected antibodies against OMGP only in patients with MS (in
2%) or ADEM (in 4%), with the exception of one patient with psy-
chosis (Gerhards et al., 2020). In the literature search, only one case
report of a patient with psychosis and anti-MOG antibodies was
found, but this patient also had comorbid anti-NMDA-R
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encephalitis (Zhou et al, 2018). The association of anti-
NMDAR and anti-MOG antibodies is not new and has been
reported in 4.0%-7.5% of patients with anti-NMDA-R encephalitis
(Martinez-Hernandez et al., 2020). In such cases, the psychotic
symptoms can be well explained by anti-NMDA-R encephalitis,
in the context of which paranoid-hallucinatory symptoms are
often the presenting complaint (Graus et al., 2016; Dalmau et al.,
2019). However, this does not explain the symptoms in the two
cases reported here, as both were negative for anti-NMDA-R anti-
bodies in serum and CSF.

Arguments for a causal role for anti-MOG antibodies

From a clinical perspective, the late-onset of disease in patient 1
was striking, but a second post-menopausal peak of incidence does
also occur in females with idiopathic schizophrenia (Chen ef al.,
2018). The white matter alterations in MRI and the EEG slowing
are non-specific findings which do neither exclude MOG encepha-
lomyelitis nor prove it. In patient 2, the severe and chronic course
and the atypical intermittent confused states are remarkable.
Confusional states have previously been described in the context
of MOG encephalomyelitis (Jarius et al., 2018), and an increased
protein concentration would be compatible with MOG encephalo-
myelitis (although it is a completely non-specific finding). It is also
interesting that the patient benefited mainly from anticonvulsants
and that there was normalisation of the EEG following this treat-
ment. Speculatively, this could be indicative of a paraepileptic
genesis that is secondary to an inflammatory process (Tebartz
van Elst et al, 2015). From a pathophysiological point of view,
anti-MOG antibodies are considered pathogenic given their
extracellular target (Spadaro et al., 2018) and have been shown
to cause experimental autoimmune encephalitis in animal models
(Lalive et al., 2011). Clinical recommendations include testing in
two different laboratories (as done here) to reduce false-positive
cases. Therefore, a false-positive result is unlikely. Alterations in
MOG genes have also been described as playing a role in the patho-
genesis of schizophrenia. The expression of MOG, as well as the
MOG gene, appears to be downregulated in schizophrenia
(Tkachev et al., 2003; Liu et al, 2005; Sokolov, 2007). This gene
is located on chromosome 6p21.3, which is considered to comprise
a high-susceptibility area for schizophrenia within the major histo-
compatibility complex locus (Tkachev et al, 2003). There is also
evidence of impaired oligodendrocyte homeostasis in schizophre-
nia (Martins-de-Souza et al., 2009; Marui et al., 2018). A recent
study has demonstrated that antibodies against a different myelin
protein (OMGP) can be detected in patients with psychosis
(Gerhards et al, 2020). These findings may illustrate that
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dysregulation of oligodendrocyte homeostasis and function - as
might be caused by the antibodies — could be associated with
psychosis.

Arguments against a causal role for anti-MOG antibodies

From a clinical perspective, in patient 1, the CSF without inflam-
matory changes, the EEG, the MRI of the spine, and the VEPs
argue against MOG encephalomyelitis, and the positive partial
response to antipsychotics also suggests idiopathic schizophrenia,
although a symptomatic effect of antipsychotics cannot be ruled
out, even in organic processes (Endres et al., 2020a). In addition,
a schizophreniform presentation may also have developed as a
consequence of early dementia given the positive family history
of this disease and elevated phospho-tau in CSF. In patient 2, an
unremarkable CSF - except for an elevated protein concentration
- inconspicuous VEPs, and both cranial and spinal cord MRIs
without inflammatory lesions all point against a causal role, with
only a non-specifically altered EEG suggesting otherwise. The
severity and chronic course could also be a sequel of the past multi-
ple substance abuse and would be compatible with a chronic course
of schizophrenia. The typical symptoms of MOG encephalomyeli-
tis and inflammatory MRI or CSF findings are certainly not found
in either patient. Although the MOG gene appears to play a poten-
tial role in the pathogenesis of schizophrenia in some studies, the
exact pathomechanisms seem to be significantly more complex
(Owen et al., 2016; Sekar et al., 2016; Huckins et al., 2019).
Given these considerations, no immunotherapy was performed
in either patient, so neither positive nor negative responses could
be observed or discussed.

Conclusion

Based on our literature search, these are the first two detailed case
presentations of patients with psychosis and anti-MOG antibodies
(without comorbid anti-NMDA-R encephalitis). Both cases clearly
do not meet the established clinical symptoms or diagnostic find-
ings for classical MOG encephalomyelitis (Jarius et al., 2018) or
definite autoimmune psychosis (Pollak et al., 2020), but the late-
onset and EEG slowing in patient 1 and the striking intermittent
confused states in patient 2 could still be indicative of subtle
inflammatory pathomechanisms. A false-positive assay was
unlikely due to testing in two laboratories with different method-
ologies; thus, 1) there is a possibility that the anti-MOG antibodies
were correct-positive but not clinically relevant, 2) the antibodies
could be correct-positive but not functional (e.g. caused by a differ-
ent epitope than in classical MOG encephalomyelitis), 3) there is a
possibility of coincidence (both patients could have asymptomatic
myelin disease), and 4) the antibodies could be relevant, but due to
moderate titres, they may have caused a ‘subtle clinical picture’
rather than a fulminant (it is possible that more pronounced symp-
toms only occur in the case of a second hit such as a more pro-
nounced blood-CSF barrier disturbance). The authors consider
the last possibility plausible (c.f. Spadaro et al., 2018); however,
to prove this, more clinical cases are needed, and the biochemistry
(epitopes) of the antibodies must be better studied (especially the
antibodies in patients with psychosis, distinct from patients with
classical MOG encephalomyelitis). In perspective, the production
of patient-specific monoclonal anti-MOG antibodies in the future
may allow better investigation of causality (analogous to the situa-
tion with anti-NMDA-R or anti-LGI1 encephalitis) (Kreye et al.,
2016; Kornau et al., 2020). If an association with atypical psychosis
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emerges, the spectrum of MOG encephalomyelitis may become
broader than initially thought.
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