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Abstract

Background: Overlap syndromes of anti-NMDA receptor encephalitis and MOG-mediated demyelination have been
reported. In this case we provide a long-term longitudinal follow-up of clinical and imaging characteristics as well as
of antibody dynamics.

Case presentation: We report a 32-year-old male patient who presented with psychosis, decreased conscious-
ness and movement disorders and was tested positive for anti-NMDA receptor antibodies. Forty-four months after
symptom onset and diagnosis of autoimmune encephalitis, he suffered from relapse. At this time, the patient devel-
oped anti-MOG and anti-Caspr2 antibodies. Treatment with plasmapheresis, steroids and rituximab eventually led to
substantial clinical and radiological improvement. Anti-Caspr2 antibodies persisted, anti-NMDA receptor antibodies
decreased, while anti-MOG antibodies turned negative again.

Conclusion: We provide long-term longitudinal follow-up of a patient with anti-NMDA receptor encephalitis who
developed triple antibody positivity at the time of relapse. Antibody dynamics were associated with clinical disease
course.
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Background

Anti-N-methyl-D-aspartate-receptor (NMDAR) enceph-
alitis and Myelin Oligodendrocyte Glycoprotein (MOG)
associated disorders are both immune-mediated inflam-
matory disorders of the central nervous system [1, 2].
Patients with NMDAR encephalitis usually present with
a clinical syndrome including psychosis, behavioural
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changes, amnesia and epileptic seizures, frequently fol-
lowed by dyskinesia and decreased levels of conscious-
ness [2], while patients with MOG associated disorders
typically present with a demyelinating syndrome reach-
ing from ADEM-like phenotype to isolated syndromes,
such as myelitis or optic neuritis [1]. Overlap syndromes
of these two disease entities have been reported, i.e.
either MOG immunoglobulin G (IgG) and demyelinating
aspects have been found in patients with anti-NMDAR
encephalitis [3—21], or vice versa NMDAR IgG in patients
with demyelinating CNS disease [22].
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However, none of these reports provided long-term
data of the clinical disease course, of antibody titres and
radiological findings. Here, we report the case of male
patient with anti-NMDAR encephalitis who developed
MOG and Caspr2 IgG during the disease course.

Case presentation

A 32-year old man with a pre-morbid modified Rankin
Scale (mRS) score of 0 was referred to primary medical
center due to psychosis, behavioral disorders and con-
secutively movement disorder, decrease in consciousness
and hypoventilation. Emergency cerebral magnetic reso-
nance imaging (MRI) revealed a normal scan. Cerebro-
spinal fluid (CSF) analysis showed mild pleocytosis with
lymphocytes (white blood cell [WBC] count 38/pl) and
CSEF-restricted oligoclonal bands (OCB; Pattern II) [23].
Additionally, Computed Tomography (CT) scan and con-
secutive bacteriological examination of tracheal aspirate
identified an atypical pneumonia due to pseudomonas
aeruginosa.

The patient was referred to the Medical Univer-
sity of Innsbruck, where a thorough diagnostic work-
up was done. Electroencephalography (EEG) showed
continuous bilateral slowing without epileptic dis-
charges. Laboratory examination by a commercially
available cell based assay (Euroimmun, Lubeck, Ger-
many) revealed positive NMDAR IgG in serum and CSF
(serum titer 1:2560). Presence of IgG directed to MOG
(serum titer 1:40; considered negative) and aquaporin-4
(AQP-4) were excluded by an in-house test as previ-
ously described [24, 25]. Ri, Yo, Hu, Ma2, Amphiphysin,
CV2 IgG were negative (determined by a commercially
available immunoblot [Euroimmun]). A whole-body
18F-fluoro-2-deoxy-D-glucose (18"-FDG) positron emis-
sion tomography (PET)/CT showed no sign of neoplastic
disorder, especially no thymoma. Eventually, diagnosis of
NMDAR encephalitis was made, according to the diag-
nostic criteria of Graus et al. [26].

The patient was treated with intravenous methylpred-
nisolone (IVMP, 1000 mg on eight consecutive days) and
plasmapheresis (PLEX, on four consecutive days), which
led to a clinical improvement (sequelae: postencephalitic
syndrome, short-term memory disturbances, apathy).
Seizure occurred one month after disease onset requiring
antiepileptic treatment with levetiracetam. Anti-NMDAR
IgG titers declined with a nadir at month 15 after disease
onset (titer 1:80). The patient further clinically improved
showing a mRS score of 1 at month 15.

After approximately three years of clinical remission, a
slow worsening of psychiatric symptoms occurred. The
patient developed new behavioral disorders, and cog-
nitive functions declined (deterioration of short term
memory, problems with word finding). CSF analysis
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was repeated with a WBC count of 5/ul; OCB were not
detected (Pattern I) [23]. Cerebral MRI showed T2
hyperintense, T1 hypointense, Gadolinium (Gd) enhanc-
ing lesion of the white matter within the left frontal gyrus
(Fig. 1A and B). This lesion showed hypermetabolism in
O-(2[18F]fluoroethyl)-L-tyrosine (FET) PET (Fig. 1C and
D) and reduced metabolism in 18F-FDG PET. Another
whole-body 18F-FDG PET/CT revealed no sign of neo-
plastic disorders, especially no thymoma. EEG again
showed unspecific slowing, with bilateral delta and theta
activity. The laboratory work-up revealed an increase of
NMDAR-IgG (serum titer 1:320). Furthermore, MOG-
IgG (titer 1:320), and contactin-associated protein-like
2 (Caspr2)-IgG (as determined by a commercially avail-
able cell based assay [Euroimmun]) were found in serum
(titer of 1:100), but not in CSF. Treatment with IVMP
(1000 mg three days, 500 mg two days and oral taper-
ing) initially led to a slight clinically improvement and
afterwards a short stable period, however, was followed
by further worsening of psychiatric symptoms after two
months. Therefore, treatment with rituximab (375 mg/
m? body surface) was initiated at month 46, which was
then followed by clinical improvement of neuropsychiat-
ric symptoms. MRI findings and antibody titers displayed
also slow regression (Fig. 1E-]).

Until the last follow-up at month 66 the patient had
received five cycles of rituximab and showed a substan-
tial clinical and radiological improvement (Figs. 1I and
J; 2). mRS score was 1. NMDAR-IgG (at month 66) and
Caspr2-IgG (at month 58) remained detectable by means
of immunofluorescence until last follow-up in serum
specimens, while serum MOG-IgG (at month 66) were
below the cut-off titer (titer 1:80). Clinical, diagnostic and
therapeutic key points are detailed in Fig. 2.

Review of the literature
Data of clinical and radiological presentations of MOG-
positive anti-NMDAR-encephalitis are still scarce and
were published in form of case series and reports. We
performed a systematic literature search to provide an
overview on demographic, clinical, serological and radi-
ological findings in double positive anti-NMDAR and
anti-MOG patients. Therefore, we searched the medical
database PUBMED on January 01, 2022 using the term
“MOG” AND “NMDAR” AND “overlap” and additionally
checked respective reference lists. We considered arti-
cles published since January 2000 and written in English
(Supplemental Figure). A summary of our results is dis-
played in Table 1 and the Supplemental Table.C: Follow-
Up after NMDAR-encephalitis

We included 31 cases from literature. The age of the
predominantly male patients (male: 74.2%) ranged
between 3 and 54 years, with a peak within young
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Fig. 1 Excerpts of MRl and PET scans performed. Legend: The cerebral MRI scan during the demyelinating event at month 44 revealed a T1
hypointense, Gd enhancing (A), T2 hyperintense (B) lesion in the left Gyrus frontalis, which shows hypermetabolism in the FET-PET scan (C: original
FET-PET image, D: MRI fused FET-PET image; SUV max: 2.64). MRI showed regression of lesions over time until month 66 (E, G, I: contrast-enhanced
T1-weighted imaging. F, H, J: T2-weighted imaging). Abbreviations: FET-PET/CT = O-(2[18F]fluoroethyl)-L-tyrosine—positron emission tomography
/ computer tomography; Gd = Gadolinium; M = Month; MRI=Magnetic resonance imaging

adulthood (median age at onset: 25). Every patient suf-
fered in median one demyelinating event during or after
NMDAR-encephalitis. Similarly, also MOG IgG were
most often detected concurrently with NMDAR-enceph-
alitis. The median time between onset of encephalitis and
MOG-positivity was 0 months, ranging from -240 (indi-
cating positive MOG IgG before onset of encephalitis) to
35 months. The detection of MOG IgG is usually linked
to a clinical demyelinating event (74%). NMDAR IgG are
more frequently detected within CSE, while MOG IgG
are more often found in serum samples. Eleven (44%) of
25 patients tested for OCB show positive results (Pat-
tern II or III [27]). The WBC ranged from O to 576, with a
median of 43/pl.

Reported radiological findings of MOG IgG positive
NMDAR-encephalitis patients are displayed in the Sup-
plemental Table. Of 31 reported cases, 70 MRI scans were
available. 18 were conducted during NMDAR-encephali-
tis, based on positive NMDAR-IgG titers and typical clini-
cal alterations, at a time when clinical or serological (i.e.
presence of MOG IgQ) signs for demyelination were not
present. 16 (89%) of these showed T2/ fluid-attenuated
inversion recovery (FLAIR) hyperintense lesions, two
(11%) Gd-enhancement and two normal results. In three
cases (17%) bilateral, in 14 (78%) supratentorial and in two
(11%) infratentorial lesions were detected. Lesions within
the spinal cord were not described.

52 MRI scans were carried out during a demyelinat-
ing event, indicated by typical clinical symptoms and/
or serological detection of anti-MOG IgG. 45 (86%) of
these showed T2/FLAIR-hyperintensities, 16 (30%) Gd-
enhancement and five (10%) a normal result. Accord-
ing the regions where lesions were found, 36 (69%) MRI
scans showed supratentorial, 32 (62%) infratentorial and
four (8%) spinal lesions. Bilateral lesions were described
in 25 (48%) scans. So far, only one case study included
an 18F-FDG PET/CT work-up, which showed a normal
result [7]. Another study, added information about single
photon emission computed tomography (SPECT), which
revealed decreased technetium uptake within regions
of the frontal lobe, brainstem and basal ganglia [4]. No
results of FET PET/CT scans have been reported so far.

Discussion

Overlap syndromes with the occurrence of MOG-IgG
in patients with NMDAR encephalitis are a known but
rare phenomenon and have been reported only in few
patients [3—13, 15-21]. The present case provides a long-
term follow-up over more than 5 years with detailed, lon-
gitudinally collected, clinical and radiological findings as
well as antibody dynamics. Furthermore, we report tri-
ple antibody positivity with detection of Caspr2 IgG in
serum at the time of relapse.



Berek et al. BMC Neurology (2022) 22:434 Page 4 of 10
TREATMENT PLEX & IVMP IVMP Rituximab
Ul S
1 :
1
1 H
:
! i
E3r D NMDA-R Ab Titre '
SERUM i X
DIAGNOSTICS !
v (220 2N 2 A
Antibodies in
serum
| Caspr2-Ab + >
320
—MOG Ab Titre \
1:X w0
80 80
00\07070707070 \QO\ZO 20/
CSF WBC/pl 38 11 1 5
CSF OCB positive negative
TIMELINE T T T
0| 4| 15 | 44| 46| 5o| 52| 58| 66| Months
IMAGING
MRl @ @ @ @ @ @ e € ¢ ¢« € ¢«
FDG-PET G = = Q
FET-PET Q
*
SYMPTOMS
Fig. 2 Overview of the main clinical characteristics, diagnostic results and therapeutic interventions. Legend: White “brains”indicate normal
MRI findings and black “brains”indicate pathological MRI findings. White and black “brains”indicate radiological improvement. * indicates
the single seizure which occurred in month 1. NMDAR IgG were detected by commercially available CBA (Euroimmun, Libeck, Germany),
titers are provided. Caspr2 IgG were detected by commercially available CBA (Euroimmun; positive at a titer of 1:10). MOG IgG were
detected by an in-house CBA [24, 25], titers are provided. Abbreviations: CBA, cell-based assay PLEX = plasma exchange; IVMP =intravenous
methylprednisolone; CSF = cerebrospinal fluid; WBC = white blood cells; OCB = oligoclonal bands; MRl =magnetic resonance tomography;
FDG = 18™-fluoro-2-deoxy-D-glucose; FET = O-(2[18F]fluoroethyl)-L-tyrosine; PET = positron emission tomography; Caspr2 = contactin-associated
protein-like 2; NMDAR = N-methyl-D-aspartate receptors; MOG = Myelin Oligodendrocyte Glycoprotein

In our patient, we observed that NMDAR IgG titers
declined after starting effective immunotherapy (PLEX,
IVMP) concurrently with clinical amelioration, increased
at the time of relapse and decreased again with treat-
ment escalation (rituximab) and further clinical improve-
ment. During relapse, i.e. the second episode of clinical
worsening, demyelinating lesions on MRI were detected
together with MOG IgG. After immune treatment of this

overlap syndrome, also MOG titers and MRI findings
decreased concurrently with clinical improvement.

The association of both NMDAR IgG titer with the
clinical course of NMDAR encephalitis [2] and of MOG
IgG titer with the clinical course of MOGAD have been
reported earlier [1]. However, it still remains unclear
whether IgG kinetics may mainly be caused by an intense
treatment regimen (e.g. PLEX), or may in fact reflect the
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clinical course. It has been demonstrated that PLEX may
lead to a marked reduction (of up to 97%) of autoantibod-
ies in autoimmune encephalitis (AE), however, approxi-
mately one third of patients does not experience a clinical
improvement [28].

The literature review of double positive (NMAR IgG
and MOG IgQ) patients revealed that in the majority of
reported cases MOG IgG were detected for the first time
simultaneously with the first NMDAR IgG detection
(Table 1). In our patient, we detected MOG IgG only at
the time of NMDAR encephalitis relapse, i.e. 44 months
after the first event (Fig. 2). This might be explained by
the heterogeneity of the so far reported cases of double
positive patients. Reported cases subsume patients with
MOG positivity before, simultaneous or after NMDAR
encephalitis. However, this may also implicate a patho-
physiological difference. Pathophysiology might prob-
ably be different in patients with a known MOG positive
demyelinating disease and a later occurring NMDAR
encephalitis [3, 8, 21] compared to patients with NMDAR
encephalitis who later suffer a demyelinating relapse trig-
gered by MOG IgG [3, 8, 15, 17, 18, 20]. Furthermore,
some reported cases of simultaneous IgG positivity had a
medical history of previous optic neuritis and were tested
for MOG IgG for the first time at the onset of NMDAR
encephalitis [11, 17, 20]. Overall, we did not find any obvi-
ous differences in our literature review of clinical, labora-
tory, or radiographic features between patients developing
MOG IgG before or after NMDAR encephalitis.

At this point a possible limitation can be identified
within the borderline positive MOG IgG titers. Indeed,
titers of 1:320 have already been reported within Multiple
Sclerosis and other neurological disorders. Therefore, an
unspecific finding cannot be ruled out with certainty [24,
29]. From a clinical perspective, it has to be pointed out,
that at relapse our patient actually presented with symp-
toms more consistent with encephalitis relapse rather
than with a demyelinating disorder. Indeed, around 74%
(23/31) of the patients in our literature review showed
classical demyelinating symptoms (e.g., hemihypesthesia,
diplopia, hemiparesis, vertigo) alongside with MOG IgG
positivity. Most of them, 87% (20/23), revealed simultane-
ously T2 or FLAIR hyperintense lesions on cerebral MRI
scans (two showed optic nerve enhancement). Neverthe-
less, the remaining 26% (8/31) of patients showed also
asymptomatic lesion. Altogether, one might avoid routine
MOG IgG testing in patients with NMDAR encephali-
tis due to the increase of false positive results, however,
in patients with either a clinical or imaging findings of
demyelination, MOG IgG testing might be reasonable. As
patients with NMDAR encephalitis plus CNS demyelina-
tion show worse outcome, evidence of further autoim-
munity might also have an impact on treatment decision.
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It may be of special interest that since the time of the
demyelinating relapse and occurrence of MOG IgG, our
patient was tested positive for Caspr2-1gG in serum. So far,
one prior case study of one patient reported a triple-pos-
itivity of anti-NMDAR, anti-MOG and anti-Caspr2-IgG,
and similar to our case Caspr2-IgG remained positive until
the end of follow-up [7]. A further similarity subsumes
the clinical presentation, as “behavioral changes” and “epi-
sodic memory loss” were also described in the previous
case report [7]. However, symptoms occurring in both,
Caspr2 and NMDAR encephalitis are difficult to attribute
to a distinct entity [30, 31]. MRI findings of the previously
published case and of our case are contrasting, as we did
not observe bilateral, cingulate and hippocampal lesions
[7]. Furthermore, in our case Caspr2 IgG were detectable
only in serum, whereas the other study found Caspr2 IgG
also in CSE. It is known, that Caspr2 IgG may be detected
in just one compartment, i.e. either in blood or CSF, and
that the amount of Caspr2 IgG is usually lower in CSF
than in serum [30, 32]. In general, the coincidence of IgG
associated with AE (i.e. NMDAR IgG, Caspr2 IgG, etc.)
has infrequently been reported before. Besides the above
case report [7], a recent study screened 42,032 patients
for AE IgG. In 28 patients, multiple (>2) AE IgG, in two
patients three and in one patient four distinct AE IgG were
detected. The most common combination was Caspr2 and
leucine-rich, glioma inactivated 1 (LGI1) IgG, which was
revealed in 8 patients [33]. Therefore, such a double, triple
or even quadruple positivity is a rare immunological phe-
nomenon. It has been hypothesised that this phenomenon
may partly be caused by a common immunologic trigger
[33], which is a possibility for the above mentioned coex-
istence of Caspr2 and LGI1 IgG both targeting parts of the
voltage-gated potassium channel complex [34]. However,
in our case of a triple positivity such a common immu-
nologic trigger is unlikely. Therefore, taking up an earlier
hypothesis, it may rather be explained by a general suscep-
tibility for autoimmune processes [35].

Nevertheless, the possibility of false positive Caspr2-
IgG results has to be considered. Indeed, it has recently
been reported, that the drawback of a high sensitiv-
ity of commercially CBA for the detection of Caspr2 is
a higher risk for false positive results [36]. Nonetheless,
we observed repeatedly positive Caspr2 IgG from relapse
onset, until end of our follow-up, which excludes the pos-
sibility of false positive result, even if unspecific cross-
reactivity cannot be excluded.

Within NMDAR encephalitis, typical MRI changes
include white matter changes within diffusion tensor
imaging (DTI), which are most often found in the cin-
gulum and correlate with disease course [37]. However,
normal MRI results even with severe clinical symptoms
are a well-known phenomenon in a majority of NMDAR
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encephalitis patients [31, 37-39]. Patients suffering from
MOG-antibody disease show normal or unspecific results
in brain MRI scans in approximately two of three cases
[40], although T2 hyperintensities predominantly located
in infratentorial regions and brainstem can be found [41].

Regarding radiological findings in double positive
patients we provide a review of the literature within
Supplemental Table, from where it may be deduced that
MRI scans at the time of demyelination show more fre-
quently Gd-enhancing, bilateral, infratentorial and spi-
nal cord lesions. In our patient, all MRI scans during the
first, non-demyelinating episode revealed normal results,
while MRI scans during the demyelinating relapse
yielded T2 hyper-, T1 hypointense, Gd-enhancing lesions
in the gray matter of the left Gyrus frontalis. Similar find-
ings (i.e. normal MRI during NMDAR encephalitis and
T2 hyperintense lesions during a second demyelinat-
ing event) have been reported in 11% of the cases. The
radiological follow-up of our patient revealed remission
of Gd-enhancement one month after treatment initiation
and regression of T2-hyperintense lesions subsequently.
In the last MRI scan at month 66, only subtle sequelae
in form of a post-inflammatory gliosis in the left frontal
lobe was found. Taking into account serological find-
ings of our patient an association of MOG-IgG with MRI
findings may be hypothesized, as negative MOG-IgG
titers were found simultaneously with normal MRI find-
ings and decreasing MOG-IgG titers were found simulta-
neously with receding MRI findings.

A further novelty of our case is detailed information
about 18F-FDG PET and FET PET within double posi-
tive anti-NMDAR and anti-MOG patients. Published
data are subsumed in the Supplemental Table. Previous
studies have already reported that in NMDAR encepha-
litis 18"-FDG PET can reveal both hypo- and hyperme-
tabolism [42]. With our case, we contribute longitudinal
data of four 18'-FDG PET scans and one FET PET scan.
During the first, non-demyelinating episode no patho-
logical finding was detectable in the brain. At the time
of the demyelinating relapse, FET PET detected hyper-
metabolism in the areas of T2 hyperintensity of the cor-
responding MRI scans, whereas 18"-FDG PET showed a
diminished metabolism within these areas.

Conclusion

We provide detailed longitudinal data of a patient with
NMDAR encephalitis. At a second event, he presented
with demyelinating brain lesions and MOG IgG as well
as Caspr2-IgG. NMDAR and MOG IgG titers dimin-
ished alongside with clinical and radiological ame-
lioration after IVMP, PLEX and rituximab treatment.
Furthermore, we provide a systematic review regarding
MOG IgG positive NMDAR encephalitis.
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