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Abstract

Background In around 20% of cases, myelin oligodendrocyte glycoprotein (MOG) immunoglobulin (IgG)-associated
encephalomyelitis (MOG-EM; also termed MOG antibody-associated disease, MOGAD) first occurs in a postinfectious or
postvaccinal setting.

Objective To report a case of MOG-EM with onset after vaccination with the Pfizer BioNTech COVID-19 mRNA vaccine
BNT162b2 (Comirnaty®) and to provide a comprehensive review of the epidemiological, clinical, radiological, electro-
physiological and laboratory features as well as treatment outcomes of all published patients with SARS-CoV-2 vaccination-
associated new-onset MOG-EM.

Methods Case report and review of the literature.

Results In our patient, MOG-IgG-positive (serum 1:1000, mainly IgG1 and IgG2; CSF 1:2; MOG-specific antibody index < 4)
unilateral optic neuritis (ON) occurred 10 days after booster vaccination with BNT162b2, which had been preceded by two
immunizations with the vector-based Oxford AstraZeneca vaccine ChAdOx1-S/ChAdOx1-nCoV-19 (AZD1222). High-dose
steroid treatment with oral tapering resulted in complete recovery. Overall, 20 cases of SARS-CoV2 vaccination-associated
MOG-EM were analysed (median age at onset 43.5 years, range 28—68; female to male ratio = 1:1.2). All cases occurred
in adults and almost all after immunization with ChAdOx1-S/ChAdOx1 nCoV-19 (median interval 13 days, range 7-32),
mostly after the first dose. In 70% of patients, more than one CNS region (spinal cord, brainstem, supratentorial brain, optic
nerve) was affected at onset, in contrast to a much lower rate in conventional MOG-EM in adults, in which isolated ON is
predominant at onset and ADEM-like phenotypes are rare. The cerebrospinal fluid white cell count (WCC) exceeded 100
cells/ul in 5/14 (36%) patients with available data (median peak WCC 58 cells/pl in those with pleocytosis; range 6-720).
Severe disease with tetraparesis, paraplegia, functional blindness, brainstem involvement and/or bladder/bowel dysfunction
and a high lesion load was common, and treatment escalation with plasma exchange (N =9) and/or prolonged IVMP therapy
was required in 50% of cases. Complete or partial recovery was achieved in the majority of patients, but residual symptoms
were significant in some. MOG-IgG remained detectable in 7/7 cases after 3 or 6 months.

Conclusions MOG-EM with postvaccinal onset was mostly observed after vaccination with ChAdOx1-S/ChAdOx1 nCoV-
19. Attack severity was often high at onset. Escalation of immunotherapy was frequently required. MOG-IgG persisted in
the long term.
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Introduction

Myelin oligodendrocyte glycoprotein (MOG) immuno-
globulin (IgG)-associated encephalomyelitis [5, 14, 23, 43]
(MOG-EM,; also termed MOG antibody-associated disease,
MOGAD) is a relatively newly described entity. Together
with neuromyelitis optica spectrum disorders (NMOSD),
MOG-EM is the most important differential diagnosis of
multiple sclerosis (MS) [18, 29]. The manifestations include
optic neuritis, myelitis, brainstem encephalitis, and encepha-
litis (with and without seizures). In around 20% of cases,
MOG-EM first occurs in a postinfectious or postvaccinal
setting [20]. Accordingly, acute disseminated encephalo-
myelitis (ADEM) is a frequent manifestation of MOG-EM,
especially in children. In recent months, almost 20 cases
of newly emerging MOG-EM have been reported in which
the onset of disease was preceded by vaccination against
the severe acute respiratory syndrome coronavirus type 2
(SARS-CoV-2) [6-9, 30, 32, 34, 36]. Here we report the
first case of MOG-EM in a Caucasian patient after vacci-
nation with the Pfizer-BioNTech COVID-19 mRNA vac-
cine BNT162b2. In addition, we provide a review of the
epidemiological, clinical, radiological, electrophysiological
and laboratory features of all patients with SARS-CoV-2
vaccination-associated MOG-EM published so far and of
treatment outcomes.

Methods
Case report

Data were retrieved retrospectively from the patient’s
records. The patient gave written informed consent for
publication.

Literature review

A PubMed search was performed using the following search
term: (“MOG antibody disease” OR “MOG antibody-asso-
ciated disease” OR “MOG antibody-associated disorder”
OR “MOGAD” OR (“mog” AND (“encephalomyelitis”
OR “IgG” OR “immunoglobulin g” OR “antibody” OR
“antibodies” OR “autoantibody” OR “autoantibodies”))
AND (“COVID-19” OR “COVID19” OR “SARS-CoV-2~
OR “SARS-CoV2” OR “severe acute respiratory syndrome”
OR “coronavirus”)). Articles published by 1 April 2022 in
English, German or French were considered. The follow-
ing parameters were extracted for each reported patient:
age at presentation, sex, origin, vaccine used, number of
vaccinations before onset of MOG-EM (one, two, three or
four doses), time between latest vaccination and onset of

neurological symptoms attributable to MOG-EM, clini-
cal features, magnetic resonance imaging (MRI) features,
MOG-IgG serum and cerebrospinal fluid (CSF) status and
titres, aquaporin-4 (AQP4)-IgG serostatus, CSF white cell
count and cytological results, presence of CSF-restricted
oligoclonal IgG bands, CSF total protein, glucose and lac-
tate levels, acute and long-term treatments used, follow-up
intervals, outcome, excluded differential diagnoses, history
of coronavirus disease 2019 (COVID-19), general and fam-
ily history.

Results
Case report

A 67-year-old Caucasian man with no remarkable medical
history except for arterial hypertension and benign prostate
hyperplasia and a negative family history for autoimmune
disorders experienced an acute decline in visual acuity (OS
0.63, OD 1.0) and colour desaturation in the left eye associ-
ated with left-sided temporal headache and pain upon eye
movement 10 days after vaccination with Comirnaty®.
Two vaccinations with Vaxzevria® had taken place 210
and 154 days earlier. MRI showed swelling and contrast
enhancement of the anterior part of the left optic nerve com-
patible with a diagnosis of optic neuritis (ON) but no further
brain or spinal cord (SC) lesions. Visual evoked potentials
(VEP) demonstrated prolonged absolute and relative P100
latency and marked amplitude reduction in the left eye (by
40 ms and 73%, respectively, compared with the right eye),
suggesting a pre-chiasmic left-sided optic nerve lesion. Oph-
thalmoscopically, no signs of papillitis were seen. Lumbar
puncture demonstrated mild lymphomonocytic pleocytosis
(6 white cells/pl; including 1 granulocyte/ul) with signs of
monocytic transformation and mildly elevated CSF total
protein (51 mg/dl). CSF-restricted oligoclonal IgG bands
(OCB) were absent (OCB pattern 1). IgG, IgM, 1gG and
albumin CSF/serum ratios were normal. Serum MOG-
IgG was positive at a titre of 1:2,500 in a fixed CBA using
HEK?293 cells transfected with full-length human MOG as
antigenic substrate and a Fcy-specific secondary antibody
(University Hospital Heidelberg, Heidelberg, Germany). A
matched CSF sample was positive for MOG-IgG at a titre
of 1:2 but was negative when tested at a titre that would
indicate intrathecal MOG-IgG synthesis (MOG-specific
antibody index [AI] <4). Serum MOG-IgG belonged mainly
to the IgG1 subclass (IgG1 >1gG2 >>1gG4; no IgG3); in
a matched CSF sample exclusively MOG-IgG1 antibodies
were detected. Serum and CSF AQP4-IgG was negative,
as were serum antinuclear antibodies (ANA), antineutro-
phil cytoplasmic antibodies (ANCA), and rheumatoid
factor. Vitamin B12 and angiotensin converting enzyme
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serum levels, blood sedimentation rate, and Als for Bor-
relia burgdorferi and Treponema pallidum were all normal.
MOG-IgG seropositivity was confirmed in a second labo-
ratory (Euroimmun, Liibeck, Germany) and a diagnosis of
MOG-EM was made. Treatment with high-dose intravenous
methylprednisolone (IVMP) for 3 days (1 g/d) followed by
oral tapering (starting at 100 mg/d methylprednisolone) over
44 days resulted in complete recovery (except for residual
phosphenes in the dark). VEP were normal at retesting
86 days after onset but MOG-IgG was still detectable,
although at lower titre (1:320). At last follow-up, 131 days
after onset no new symptoms had occurred.

Literature review
Epidemiology

Including the present case, 20 cases of newly emerging
MOG-EM after vaccination against SARS-CoV-2 have been
published so far [6-9, 30, 32, 34, 36] (Table 1), with the
earliest report dating back to February 2021, i.e., not long
after the onset of the vaccination campaign. The median age
at onset of MOG-EM was 43.5 years (range 28—68), which
is higher than that observed in previous adult cohorts that
did not include SARS-CoV-2 vaccination-associated cases
(e.g. 36 years in the adult subgroup in [20] [p = 0.078], 34 in
[19] [p = 0.015], 37 years in [43], and 37 years in [5]). The
female:male ratio was 1:1.2. The patients were from India
(N=10), the UK (N=4), Germany (N =3), Japan (N=2),
and Italy (N=1).

Associated vaccines. MOG-EM was directly preceded
by vaccination with the vector-based AstraZeneca/Oxford
vaccine ChAdOx1-S/ChAdOx1 nCoV-19 (AZD1222) in
17/20 (85%) cases, by vaccination with the mRNA-based
Pfizer-BioNTech vaccine BNT162b2 in two cases, and by
vaccination with the Moderna vaccine mRNA-1273 in one
case. In one of the two BNT162b2-associated cases, vacci-
nation with BNT162b2 followed two previous vaccinations
with ChAdOx1-S.

Time course. All vaccinations took place within 6 weeks
before disease onset (median 13 days, range 7-32, quartile
range 10-14). All cases except for the present case, which
began after the third (booster) vaccination, occurred after
the first (16/20; 80%) or second (3/20; 15%) vaccination.

Clinicoradiological syndromes. Clinical symptoms and/or
radiological signs compatible with myelitis (MY) were pre-
sent, alone or in combination, in 15/20 [75%] patients (with
no indication of involvement of other CNS areas in only 2
cases), followed by brainstem encephalitis (BSTE) (10/20
[50%]; isolated brainstem [BST] involvement in only one
case), and supratentorial encephalitis (STE) (10/20 [50%];
with indication of involvement of other CNS areas in all).
The optic nerve was affected in 6/20 (30%) patients (with

@ Springer

no indication of involvement of other symptoms in 3/6;
bilateral in 2/6) (Table 1). Overall, more than one CNS
region (SC, BST, supratentorial brain [STB], optic nerve)
was clinically and/or radiologically affected in 14/20 (70%)
patients (4 X SC+STB, 4 x SC+BST +STB, 2xSC+BST,
1xSC+BST+STB, 1 xSC+BST + STB + optic nerve,
1x SC + optic nerve, 1 Xx BST + optic nerve), with at least
three regions affected in 6/20 (30%) and all four in 1/20
(5%).

This is in contrast to data from patients with non-post-
vaccinal MOG-EM. ON was the initial manifestation in
19/26 (73%) adult patients in an Australian cohort [41] and
in 34/56 (61%) in a Spanish cohort [43]. In another Euro-
pean cohort, isolated ON was the initial manifestation in
32/48 (67%) of non-vaccination-associated cases (compared
with 3/20 or 15% in the present study) [12, 20, 21]. While
dissemination in space (here understood as involvement of
more than one of the abovementioned anatomical sites) was
present at onset in only 8/50 (16%) cases (and only in 16/50
[32%] over the entire observation period) in the latter study,
it was present in 70% in the present cohort.

Clinical and paraclinical findings: ON

The symptoms in patients with SARS-CoV-2 vaccination-
associated MOG-ON were typical for those reported in
MOG-ON in general and included blurred vision, decrease
in visual acuity, colour desaturation, visual field impair-
ment, pain upon eye movement, headache, and in 6/6 cases
a relative afferent pupillary defect. Papillitis, a common find-
ing in MOG-ON, was excluded ophthalmologically in one
patient but not reported in the remainder. Of note, however,
visual acuity was strongly diminished during acute ON in
several patients (1 X hand movement perception close to
face; 1 X finger counting at 2 m; 1 X hand movement percep-
tion in the left eye and 6/12 m in the right eye, 1 X6/18 m
in both eyes, 1 X6/12 m in both eyes; 1 X6/9.5) and VEP
were strongly altered. Overall, eight eyes were clinically
affected in six patients; VEP revealed an absent P100 wave
in 4/6 eyes with available data (no data in one patient with
bilateral ON), both prolonged P100 latency (140 ms) and
significantly reduced amplitude in one eye, and prolonged
P100 latency (132 ms) but no amplitude reduction in one
eye (no data available for two eyes). In two further patients
with a clinical diagnosis of unilateral ON, P100 latencies
were borderline prolonged in the other eye (127 and 115 ms,
respectively). MRI demonstrated a longitudinally extensive
optic nerve lesion (LEON) in 2/4 patients with available
data. The anterior part of the optic nerve was affected in
at least three patients, but lesion location was not given in
the remainder. Swelling of the optic nerve was explicitly
mentioned in one case and optic nerve tortuosity in another
one (no data in the remainder). Gadolinium enhancement of
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Table 1 (continued)

Abbreviations: ADEM acute disseminated encephalomyelitis, Al antibody index, AIE autoimmune encephalitis, AQP4 AQP4-IgG-positive neuromyelitis optica spectrum disorders, bl bilateral,

BG basal ganglia, BPH benign prostate hyperplasia, BST brainstem, BSTE BST encephalitis, C cervical, C19 coronavirus disease 2019, cbll cerebellar, cMRI cranial MRI, CP cerebellar pedun-

cle, CSO centrum semiovale, CSF cerebrospinal fluid, CTD connective tissue disorders, D dorsal (thoracic), DD differential diagnostics, FamHist family history, FU follow-up, Ger Germany,

Gd Gadolinium-enhanced imaging, GFAP glial fibrillary astrocytic protein antibody-associated encephalomyelitis, H/V human immunodeficiency virus, HP hemiparesis, /L6 interleukin-6,

IVMP intravenous methylprednisolone, JCV John Cunningham virus, Jap Japan, le left, LETM longitudinally extensive transverse myelitis, MBP myelin basic protein, MCP mid cerebellar

peduncle, MMF mycophenolate mofetil, MRI magnetic resonance imaging, MY myelitis, N.d. no data, NB neuroborreliosis, NBe neuro-Behcet, NSa neuro-Sarcoidosis, NTb neuro-tuberculosis,

OCB oligoclonal bands, P4 pattern 4 OCB, OS oral steroids, Pat. Patient, PLEX plasma exchange, PP paraparesis, QAlb albumin CSF/serum ratio, ref reference, ri right, SC spinal cord, sMRI
spinal MRI, STE supratentorial encephalitis, TCZ tocilizumab, TP total protein, TPa tetraparesis, UK United Kingdom, unil unilateral, v./b inf. viral/bacterial infections, VEP visual evoked

potential, WCC white cell count, WM white matter

ST2/FLAIR if not indicated otherwise; first and follow-up measurements in chronological order; *COVID-19 (prior or concomitant); “reported as “strongly pos” (no titre given); “internal cap-

sule

the optic nerve was present in 4/4 with available data. Optic
coherence tomography data were not reported.

Clinical and paraclinical findings: myelitis

Symptoms and signs in those with signs of spinal cord
involvement included spastic tetraparesis (3 X), paraplegia
(4 X), paraparesis (2 x), left limb spasticity (1 X), hyperre-
flexia of the lower limbs without paresis (1 X), sensory level
(4 X), urinary retention (12 X), rectal sphincter dysfunction
(2 %), and backpain. Longitudinal extensive transverse mye-
litis (LETM) was present on MRI at least in 9/10 patients
with SC involvement and available data (no data in four).
Multiple SC lesions, including multiple LETM lesions, were
found in at least six patients. The conus was involved in at
least six patients. LETM lesions were particularly long in
several patients (3 X obex/cervical SC to conus, 1 X dorsal
SC to conus, 1 xC3-D3) and multiple LETM lesions were
present in at least two (1 x4 LETM lesions, 1 X2 LETM
lesions) (no data in two). Gadolinium enhancement was
explicitly reported only in two patients and was negative in
both (no data in the remainder).

In two patients, short-term follow-up MRI showed an
increase in SC lesion load (four LETM lesions instead of
one in one case after 5 days [6], and a new LETM and sev-
eral new brain and BST lesions in another after 5 days [7]),
suggesting that early MRI examinations may underestimate
the peak lesion load in some cases.

Clinical and paraclinical findings: BSTE

Symptoms attributable to BST involvement included bilat-
eral abducens nerve palsy, “diplopia” (not further specified),
facial paralysis, hiccups and vomiting (suggestive of possi-
ble area postrema syndrome), and cerebellar signs and symp-
toms. Lesions on MRI involved the pons in 6/10 patients
(60%), the mid cerebellar peduncle (CP), a structure often
involved in MOG-EM, in 4/10 (40%), the midbrain in 2/10
(20%), and other, non-specified BST areas in another two
patients. Gadolinium enhancement was seen in one patient
and was not specified in the remainder.

Clinical and paraclinical findings: STE

In patients with involvement of the supratentorial brain,
fever (at least in 6/9 patients [66%]), confusion (2 X), men-
ingism (1 X), vomiting, headache, somnolence (1 X), stupor
and coma (1 X), and spastic hemiplegia (1 X) were noted.
Brain MRI sowed periventricular lesions (1 X), lesions in
the centrum semiovale (1 X, bilateral), lesions in the cerebral
white matter (WM) (1 X), a lesion in the occipital WM (1 X),
lesions in the basal ganglia (2 X ; bilateral in both), lesions
in the thalamus (4 X ; with a pulvinar sign in one; bilateral
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in at least three), a tumefactive frontal lesion (1 X), subcorti-
cal lesions (1 X), and lesions in the frontal cortex (3 X); in
three further cases lesions in “supratentorial regions” (1 X),
“bilateral lesions in the fronto-parietal region”, or just “mul-
tiple brain lesions” (1 X) were reported. Some of the lesions
were described as being “poorly demarcated”, “fluffy” or
“ill-defined”. Contrast enhancement was reported just in two
cases and was absent in both.

Attack severity

Severe attack-related manifestations (functional blindness,
tetraparesis, paraplegia, hemiplegia, disturbed conscious-
ness) were present in at least 13/20 (65%), in 16/20 (80%) if
urinary retention and other forms of bladder/bowel dysfunc-
tion are also considered to qualify as severe manifestations,
and in 17/20 (85%) if also BST involvement is considered to
qualify as severe. In the remaining patients, reduced visual
acuity (0.5 or 0.63, respectively) and fever and vomiting fol-
lowed by a sensory mid-thoracic level were present.

Treatments

The most commonly used therapy for acute attacks was high-
dose intravenous methylprednisolone (IVMP) (mostly 1 g/
day over 5 days, less often over 3 days), but escalatory treat-
ment with plasma exchange (PLEX) was deemed necessary
in nine patients. In some patients, several courses of [IVMP
were given or IVMP treatment was prolonged (1 X cumula-
tive dose 11 g, followed by PLEX [7]; 1 X7 g followed by
PLEX [36]; 1 X6 g [30]). Oral steroids (OS) were used at
varying dosage in 15/20 (75%) patients (after IVMP in all
cases), with dosages usually reduced gradually (depending
on tapering strategies, over a period of up to 12 months).
Tapering was associated with flaring up of symptoms in
at least one case [7]. Tocilizumab (TCZ), an IL-6 receptor
blocker, was used as escalatory and as long-term treatment
over a period of 3 months in one patient [7], and long-term
immunosuppressive treatment with mycophenolate mofetil
(MMF) was initiated in another patient.

Treatment outcomes

Complete recovery was achieved after IVMP treatment in a
patient with isolated unilateral MOG-ON (present case), and
good recovery in a patient with isolated BSTE [30], both of
which had occurred after vaccination with an mRNA vac-
cine. Almost complete recovery was also reported in two
patients with myelitis or myelitis plus STE after ChAdOx1
nCoV-19 [9].

In 11 further ChAdOx1 nCoV-19-vaccinated patients
with different manifestations, improvement was considered
“significant” (in 10) [36] or “good” (in one) [32]. All of

@ Springer

these were treated with IVMP, nine in addition with oral
corticosteroids, six in addition with PLEX, and one was
treated with MMF in addition to IVMP and oral steroids.
However, severity and type of residual symptoms in these
patients were not reported.

In one patient with myelitis, spastic tetraparesis resolved
following treatment with PLEX (five cycles), IVMP (1 g/d
for 5 days) and oral corticosteroids, but urinary incontinence
were noted 135 days after onset [9]; in a patient with myelitis
and encephalitis, paraplegia, urinary retention and enceph-
alopathic symptoms resolved after treatment with [IVMP
(1 g/d for 3 days), intravenous immunoglobulin (IVIG) (2 g/
kg for 5 days) and oral corticosteroids but sensory impair-
ment of the lower limbs remained present 118 days after
onset [9]; another patient recovered from LETM and enceph-
alitis with tetraparesis and coma only after several courses
of IVMP (11 g in total) and escalatory therapy with PLEX
(seven sessions) but flaring-up of symptoms occurred dur-
ing tapering of corticosteroids (as often seen in MOG-EM
[20]) and persistent mild cerebellar symptoms with predomi-
nant intention tremor of the right arm were noted 3 months
after onset despite continuous treatment with TCZ and oral
prednisone [7]; one patient recovered from myelitis-asso-
ciated sensory symptoms after IVMP and PLEX but had a
residual gait disturbance and still needed urinary catheterisa-
tion at last follow-up [6]; and finally, one patient recovered
from LETM with paraparesis after IVMP treatment (1 g/d
for 5 days) but urinary retention persisted 3 months after
onset [34]. All of these patients had been vaccinated with
ChAdOx1 nCoV-19.

Opverall, 9/20 patients (45%) needed escalatory treatment
with PLEX, several cycles of high-dose IVMP therapy had
to be given because of persisting symptoms or flaring-up of
symptoms in at least three cases, and additional immunosup-
pression with TCZ or MMF was carried out in three. Com-
plete or almost complete recovery was explicitly reported
only for two patients, but substantial improvement was
obviously achieved in the majority of cases at last follow-
up (median 44 days after onset, range 5-180;>30d in 11
cases). These data suggest a relatively severe disease onset
in postvaccinal MOG-EM. However, a potential reporting
bias towards more complicated cases cannot be ruled out.

MRI outcomes were reported for only few patients.
Repeat MRI at 3 months showed resolution of an occipital
WM lesion after treatment with high-dose IVMP, PLEX and
OS, but persistent SC lesions, in one patient [9]; complete
resolution of the brain and almost complete resolution of the
SC lesions after high-dose IVMP in another patient [7]; and
only partial resolution of SC, subcortical WM and pulvinar
lesions after several courses of high-dose IVMP, PLEX, OS
and TCZ in a third patient [7]. In a fourth patient, MRI was
repeated after two courses of IVMP and showed a shrinking
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CP lesion with decreased contrast enhancement after high-
dose IVMP [30].

Serology

Cell-based assays (CBA) employing full-length human
MOG protein were used for MOG-IgG testing in at least
18/20 patients (no data in 2, although the cut-off given sug-
gests use of a live CBA in one of them) in accordance with
current diagnostic recommendations [14, 15]. Peak serum
MOG-IgG titres at first testing ranged between 1:400 and
1:10,240 (median, 1:1600; N=9 with available data) and
were all clearly positive according to assay-specific cut-offs
(the individual results for each patient and assay-specific cut-
off values are given in the Table 1). Titres were not speci-
fied in 11 cases but described as “strongly positive” in 6 of
them. In all patients with available follow-up data (N=6),
MOG remained detectable over time (median 1:1160, range
256-3200) despite treatment with high-dose IVMP (1 X sta-
ble titre of 1:2560 after 3 months [34], 1 X 1:512—1:256
after 3 months [30]); or IVMP and PLEX [9]; or several
courses of IVMP, PLEX, OS and TCZ (1 X minor decline
from initially 1:1000 to 1:320 3 months later) [7]; with
IVMP and OS (1 x1:1000 — 1:320 almost 3 months later
[present case]; 1% 1:2400 — 1:2000[9]; 1 x 1:1600 — posi-
tive at unspecified titre); or with IVMP, OS and IVIG
(1x1:2500— 1:3200) [9] (Fig. 1). In one of these (treated
with high-dose IVMP), MOG-IgG was still detectable in a
Fc-specific CBA 6 months after onset but not in an IgG1-
specific CBA.

CSF findings

CSF pleocytosis defined as > 5 cells/ul was present in 11/14
patients (79%; no data in 6) and was predominantly mono-
nuclear (lymphocytic/lymphomonocytic) in most (Table 1).
Neutrophils were present in at least two patients, which
was the predominant cell type in one of them. The median
peak CSF WCC was 44 cells/pl (range 0-720; interquartile
range 7-109; N = 14; > 100 cells/pl in 5/14 [35%]; median
peak WCC 58 cells/pl among those with pleocytosis). The
CSF WCC was low in the only patients with isolated ON (6
and O cells/pl, respectively) or isolated BSTE (<5 cells/ul),
which compared with a median of 82 cells/ul among patients
with MY (zxinvolvement of other CNS areas; N=10 with
available data). The highest cell counts were observed in a
patient with myelitis and BST involvement (720 cells/ul;
predominantly lymphocytic) and in a patient with myelitis,
BST involvement and STE (545 cells/ul at onset— 720 cells/
ul 5 days later; predominantly granulocytic). The median
peak CSF WCC was higher than that observed in patients
with acute disease in a large cohort study on CSF findings
in MOG-EM [19] (44 cells/pl vs. 9 cells/pl). This may, at
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Fig. 1 Serum and CSF MOG-IgG titres in nine patients with newly
emerging MOG-EM after vaccination with SARS-CoV-2 (titres not
reported for the remaining 11 patients). Follow-up results were avail-
able from 7 patients; in all of these, MOG-IgG remained detectable at
second or third determination (follow-up 81 [present report, green],
90 days [case 18, blue], 90 days [case 20, dark cyan], and 180 days
[case 13, red], respectively, in four patients, and “2 to 12 weeks” after
first testing in the remainder), at high titres in some patients. Note
that in one case, the serum MOG-IgG follow-up result was reported
as “positive” but no titre given (case 16). CSF MOG-IgG titres were
reported in three cases (lower panel; matched CSF and serum sam-
ples are shown in matching colours); in one further patient, CSF
MOG-IgG (as serum MOG-IgG) was classified as “strongly positive”
but titres were not stated (case 3)

least in part, reflect the substantially higher proportion of
patients with myelitis (which is generally associated with
higher CSF WCCs in MOG-EM than other manifestations
[19]) in the present series. However, the difference between
the two cohorts did not reach statistical significance, irre-
spective of whether all patients (p = 0.21; Mann—Whitney
U test) or only patients with acute myelitis at the time of
lumbar puncture (median 82 cells/pl vs. 39 cells/pl in [19];
p = 0.369) were included in the analysis.CSF-restricted
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OCB were observed in 3/8 patients (1 X bilateral ON plus
but limb spasticity, 1 X bilateral ON plus myelitis and infra-
and supratentorial brain involvement, 1 Xisolated BSTE;
MOG-IgG serum titres were clearly positive in all of these)
but were not reported in the majority of patients; at least one
additional patient had identical OCB in the CSF and serum,
indicating systemic inflammation. Peak CSF total protein
(TP) levels were elevated in 7/14 (50%) patients (based on
an upper reference limit of 0.45 mg/1 [40]; no data in 6). The
median CSF TP concentration was 47 mg/dl (range 18—144)
among all patients with available data (N=13) and 64 mg/
dl (range 47-144) among those with elevated levels. CSF
L-lactate levels were reported only in three patients and were
normal in one, high in another (2.5 mmol/l at first and 2.0
at second lumbar puncture; age specific cut-off: 2.6) and
clearly increased in the third patient in two samples (4.4 and
3.6 mmol/l 5 days later; age specific cut-off: 2.1) but normal
in a third sample (1.8 mmol/l after 3 months). Interestingly,
granulocytes, which are a known source of CSF L-lactate,
were substantially elevated in the two samples with elevated
CSF L-lactate levels.

Differential diagnosis

Alternative diagnoses were explicitly excluded in many but
not all cases and the extent of differential diagnostic inves-
tigations varied among reports (Table 1). However, as men-
tioned above, clinical and radiological features were compat-
ible with MOG-EM in all cases and MOG-IgG titres were
sufficiently high in most cases with available data not to
cast substantial doubts on the diagnosis, remained detectable
over time in those tested, and were determined by means
of CBA in most patients (Table 1). If, taking a very strict
stance, one excludes those cases in whom titres were not
reported (1 X after BNT162b2) or titres were not classified as
“strongly elevated” (4 x after ChAdOx1 nCoV-19 [36]), still
15 unequivocal cases of MOG-EM would remain. AQP4-
IgG-positive NMOSD was excluded in 8/20 patients; the
AQP4-1gG serostatus was not mentioned in the remainder.
Notably, MOG-EM mimicked bacterial CNS infection or
early-stage viral infection in one patient with predominantly
granulocytic CSF pleocytosis (545-720 cells/ul during acute
disease) and elevated CSF L-lactate levels [7]. Extensive
evaluation for infection, including next generation sequenc-
ing (NGS) for over 1500 pathogens, was negative. This is in
line with previous reports on a relatively high proportion of
granulocytic CSF pleocytosis (around 45% in adults; more
common in patients with SC or brain involvement than in
patients with isolated ON) and CSF L-lactate elevation in
MOG-EM both in adult and paediatric patients by ourselves
and others [13, 19, 20] (which is similar to AQP4-IgG-pos-
itive NMOSD [16, 22]). While CSF L-lactate concentra-
tions exceeded the age-dependent reference range in 26%
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of all cases in a large recent study on adult patients with
MOG-EM, CSF L-lactate concentrations > 3 or >4 mmol/l,
as seen in a majority of patients with acute bacterial menin-
gitis, were absent in 90% and 98% of cases, respectively. The
high CSF L-lactate levels observed in this patient are thus
unusual but per se do not exclude the diagnosis. MOG-IgG
titres were highly positive (1:1000; cut-off > 1:10) at onset
and remained detectable (1:320) in two follow-up samples
taken over a period of 3 months [7].

Personal and family history

In none of the existing reports was a personal or family his-
tory positive for autoimmune or neurological disorders men-
tioned except for an episode of vertigo 4 months earlier in
one patient which is at least hypothetically compatible with
pre-existing MOG-EM (although cranial MRI was negative
at the time vertigo occurred). One patient had a history of
allergic asthma.

Re-exposure

In one patient with a severe MOG-EM after vaccination
with ChAdOx1 nCoV-19, a second vaccination was given
after clinical recovery and under OS therapy (100 mg/d for
5 days), this time using a (non-specified) mRNA vaccine.
This was followed by a significant increase in antibody titres
but no relapse.

Discussion

Overall, we identified 20 patients with clinical onset of
MOG-EM after vaccination against SARS-CoV-2. Several
observations are of interest from a clinical point of view:
First, postvaccinal MOG-EM possibly takes a more severe
disease course compared with non-vaccination-related
MOG-EM, at least at onset of disease, as indicated by the
relatively widespread CNS involvement mentioned above;
the high rate of SC (75%) and BST (50%) lesions; the high
SC lesion load in those with signs of myelitis (with LETM
in at least 9/15; multiple SC lesions, including multiple
LETM lesions, in at least 6/15 patients; and exceptionally
long LETM lesions in at least 5/15 patients, reaching from
the cervical or dorsal SC to the conus in at least 4 cases);
the high rate of patients experiencing functional blindness
(50% of those with ON), tetraparesis, paraplegia or bladder/
bowel dysfunction (13/20 patients); and the fact that escala-
tory PLEX was required in 45% of all cases and multiple
courses of IVMP in some. However, as mentioned above,
a reporting bias towards more severe cases cannot be fully
excluded, patient numbers are still too low to draw defi-
nite conclusions, and in around 30% of cases only one CNS
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region was affected. Prospective data and rigorous compari-
son with non-vaccination-associated cases from the same
population are needed to confirm the observed association
of vaccination-associated cases with more widespread CNS
involvement.

Second, all patients reported so far were older than
25 years at onset (range 28—68). However, the fact that
approval for use of SARS-CoV-2 in children was obtained
only relatively recently, may partly explain why no paedi-
atric cases have yet been documented. It is thus possible
that paediatric cases will be reported in the future. Given
the high proportion of MOG-IgG-associated cases among
cases of CNS demyelination in children, it is highly advis-
able to test children presenting with symptoms compatible
with MOG-EM for that antibody. Whether immunological
differences between adults and children may also be involved
is unknown.

Taking into account that six patients were > 50 years
of age (two of them > 65) at onset in the present series,
MOG-EM should be considered also in older patients pre-
senting with newly emerging neurological symptoms after
vaccination against SARS-CoV-2. In fact, the median age at
onset in the present series (43.5 years) was higher than that
observed in previous adult MOG-EM cohorts that included
no SARS-CoV-2 vaccination-associated cases [5, 20, 43],
possibly reflecting the fact that the vaccination campaign
initially focused on the elderly and that in many countries
the absolute number of adults > 40 years of age vaccinated
to date clearly exceeds that of vaccinated adults < 40 years
of age (e.g. [8, 31, 35.]). Postvaccinal MOG-EM may occur
both in women and in men, with no marked female or male
preponderance.

Third, while some attacks were difficult to control by
high-dose IVMP alone or symptoms flared up during oral
tapering in some patients and although escalatory treat-
ment with PLEX was required in many cases (in one patient
each, TCZ and IVIG were given in addition), at least par-
tial recovery was achieved in most patients and complete
recovery in some. Early escalatory treatment with PLEX is
generally recommended in acute attacks of MOG-EM that
do not respond immediately and seems to be effective also
in SARS-CoV2-vaccination-associated cases based on the
relatively few reports available to date.

Fourth, repeat MRI during the acute phase may be advis-
able, since the initial MRI may markedly underestimate the
peak lesion load if obtained early during the disease course
as suggested by a substantial increase in lesions in both of
the only two cases with early follow-up MRIs (5 days after
onset).

Fifth, it should be kept in mind that relapses in MOG-
EM may still occur many months or years after onset [20].
Of note, MOG-IgG was still detectable at follow-up exami-
nations up to 6 months after onset in 7/7 patients tested,

suggesting a persisting risk of relapse. If seroconversion,
i.e., disappearance of the antibody, is taken as a reason not to
start (or, later in the disease course, to end) immunosuppres-
sive treatment, it needs to be considered that seroconversion
can be transient, i.e., antibody titres may temporarily fall
below the cut-off but rise again later, and MOG-IgG should
be monitored closely in such patients so not to overlook
reappearance of MOG-IgG, which entails the risk of future
relapse. More has to be learned about the rate of seroconver-
sion in SARS-CoV-2 vaccination-associated MOG-EM and
about the long-term risk of relapse in this special setting.

This said, it is important to understand that assay sensi-
tivity varies and false-negative results may occur. In case
13, MOG-IgG was still detectable in an Fc-specific assay
6 months after onset but was (falsely) negative in an IgG1-
specific assay. Although assays using Fc-specific second-
ary antibodies to detect patient IgG are not per se preferen-
tial, since assay sensitivity depends on many more factors,
this case highlights the potential risk of underdiagnosing
MOG-EM and of overestimating the rate of seroconversion
in MOG-EM when using IgG1-specific assays (a type of
assay that detects solely MOG-IgG of this specific subclass,
which, however, accounts only for a varying proportion
of MOG-IgG present in a patient’s serum) instead of Fc-
specific assays (which, ideally, detect MOG-IgG of all IgG
subclasses).

Sixth, routine CSF findings did not differ significantly
from those in patients with non-vaccination-associated
MOG-EM in almost all cases [13, 19, 42]. In case 18, neu-
trophilic CSF pleocytosis with a relatively high CSF WCC
was noted. Neutrophils have been previously observed in
40-70% of patients with MOG-IgG, both in adults [19] and
in children [13], and do thus not argue against a diagnosis
of MOG-EM. However, concomitant infection should none-
theless be ruled out, especially (but not only) if the WCC
is unusually high. In patient 18, peak WCC (720 cells/ul)
exceeded the maximum WCCs (463 cells/ul and 256 cells/
ul) seen in two large previous studies on adult patients and
paediatric patients, respectively, with MOG-EM [13, 19],
but extensive screening for bacterial and viral diseases was
negative. For this study, we assessed for the first time the
MOG-ALI in postvaccinal MOG-EM. However, as in non-
vaccination-associated cases, no indication for intrathecal
synthesis was found in our patient.

We also performed for the first time IgG subclass analy-
ses in SARS-CoV-2-vaccination-related MOG-EM. The fact
that exclusively MOG-IgG of the strongly complement-acti-
vating IgG1 subclass was detected in the CSF and predomi-
nantly MOG-IgG1 also in the serum supports a potential
pathogenic role of MOG-IgG in our patient.

Seventh, in none of the patients was a positive personal
or family history for allergies, autoimmune diseases or neu-
rological disorders reported (with the exception of single
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episode of vertigo in one patient). As a limitation, under-
reporting cannot be excluded given that no explicit informa-
tion was provided for some patients.

While all patients formally met the recently proposed cri-
teria for a “probable” causal relationship between SARS-
CoV-2 vaccination and neurological complications [3] and
the criteria for “possible” or “likely” causality according
to the WHO-UMC system for standardised case causality
assessment [46], it is important to stress that formal immu-
nological evidence proving a pathophysiological link (e.g.,
by demonstrating epitopes involved in molecular mimicry)
is missing so far.

Provided the two events are pathophysiologically linked,
vaccination could either have newly induced the disease
(e.g., due to molecular mimicry/epitope spreading or
inflammation-related demasking/release of MOG epitopes)
or, alternatively, acted as an unspecific trigger causing clini-
cal exacerbation of pre-existing subclinical MOG-EM. The
latter notion is at least conceivable when one considers that
other antibodies, such as AQP4-IgG in NMOSD [17, 27,
33, 37], have been retrospectively found in stored serum
samples obtained months to many years prior to clinical dis-
ease onset. Finally, a temporal coincidence of the two events
also cannot be excluded given the currently high vaccination
numbers worldwide. Rigorous population-based data on the
incidence of postvaccinal and non-vaccination-associated
MOG-EM would be important to answer this question but
are currently not available.

However, two findings seem to argue against a simple
temporal coincidence:

First, it is notable that most documented cases occurred
after previous vaccination with the vector-based Oxford/
AstraZeneca vaccine ChAdOx1-S/ChAdOx1 nCoV-19
(18/20 patients, 90%), despite the fact that vastly more
patients have been immunized with other vaccines world-
wide, suggesting some sort of a causal relationship with
ChAdOx1-S/ChAdOx1 nCoV-19. This association is
strengthened by the fact that no cases have been reported
from the United States and China, where the ChAdOx1-
S/ChAdOx1 nCoV-19 vaccine has not yet been approved,
despite extensive research on both MOG-EM and COVID-19
being performed in these two large countries with relatively
high vaccination rates. Onset of MOG-EM after vaccina-
tion with the Pfizer-BioNTech mRNA vaccine (BNT162b2)
has been described only in two patients worldwide, one of
them the patient presented here in detail (who had previ-
ously received two doses of ChAdOx-1-S), and only one
case with onset after vaccination with the Moderna mRNA
vaccine 1273 has been reported. Finally, re-vaccination with
a (non-specified) mRNA vaccine in a patient with severe
MOG-EM after initial vaccination with ChAdOx1 nCoV-19
did not result in relapse in the only patient reported so far[7].
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Of note, vaccination with ChAdOx1-S/ChAdOx1 nCoV-
19 is associated with an increased risk for other antibody-
related diseases, such as Guillain—Barre syndrome [39] and
platelet factor 4 (PF4) antibody-related vaccine-induced
thrombosis and thrombocytopenia (VITT) [10].

The preponderance of ChAdOx1-S/ChAdOx1 nCoV-
19-associated cases should result in consideration of a role
also for the vector (rather than the SARS-CoV-2 spike pro-
tein used as immunogen) and of adjuvants in future stud-
ies investigating the aetiopathogenesis of MOG-EM after
SARS-CoV-2 vaccination. Besides molecular mimicry,
also indirect effects need to be considered. In VITT, bind-
ing of the adenovirus vector to cellular heparan sulphate
proteoglycan (HSPG) (subsequently resulting in throm-
bocyte-activating PF4 immune complexes with heparan
and/or heparin) has been recently proposed to underly
the pathogenesis of this complication of vaccination with
ChAdOx1-S/ChAdOx1 nCoV-19. It is also interesting in this
context that BNT162b2 was given, as a booster shot, after
two previous vaccinations with ChAdOx1-S in our patient.
Considering the observed strong association of MOG-EM
with ChAdOx1-S/ChAdOx1 nCoV-19, it is at least conceiv-
able (although necessarily speculative) that MOG antibody
synthesis was prompted already by the first two vaccina-
tions with ChAdOx1-S, while the BNT162b2 booster only
triggered disease exacerbation (e.g., by causing inflamma-
tion-derived blood brain-barrier disruption [13, 19], T cell
activation, and a systemic and intrathecal proinflammatory
environment).

As a limitation, however, no reports on MOG-EM after
SARS-CoV-2 vaccination exist also from several countries
in which ChAdOx1-S/ChAdOx1 nCoV-19 has in fact been
approved. A reporting bias can thus not be fully ruled out.
On the other hand, MOG-IgG testing is not available in some
regions of the world. Prospective data that take into account
both vaccination rates with the various vaccines and inci-
dence of vaccination-associated cases of MOG-EM within
one and the same population are needed to definitely con-
firm the observed preponderance of ChAdOx1-S/ChAdOx]1
nCoV-19.

Second, a high proportion of patients exhibited clinical
or radiological involvement of more than one CNS area
(SC, BST, STB, optic nerve). This is in marked contrast
to classical MOG-EM, in which isolated ON is considered
the most frequently occurring presenting manifestation in
adults. However, ADEM-like presentation is a common
and well-known feature in patients with postvaccinal CNS
demyelination in general. In fact, more than one CNS region
was also affected in many patients previously reported by
ourselves and others with postvaccinal onset of MOG-
EM (1 X2 weeks after revaccination against diphtheria,
tetanus, pertussis, polio, and influenza [20], 1 X2 weeks
after vaccination against diphtheria, tetanus, and pertussis
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[20], 1 x3 and 2 weeks, respectively, after first vaccination
against tetanus and varicella zoster virus and 2 weeks after
re-vaccination against measles, mumps, and rubella [25],
1 x2 weeks after vaccination against pertussis [41], 1 X after
second vaccination against measles and rubella and booster
vaccination against Japanese encephalitis [1]), although not
in all (1 xisolated LETM 2 weeks after vaccination against
diphtheria, pertussis, poliomyelitis and tetanus [28], 2 X ON
11 days and 3 weeks, respectively, after vaccination against
Herpes simplex [47] and after an unspecified vaccination
[28], respectively; as a limitation, no data on radiological
involvement of the brain and/or spinal cord was provided in
these cases, leaving the possibility that more than one area
was affected subclinically also in these patients, and MOG-
IgG titres were very low in one of them [47]). The presence
of more widespread, ADEM-like CNS involvement at onset
in the majority of patients in the present series (70%) thus
at least supports the notion of MOG-EM having occurred
as a complication of SARS-CoV-2 vaccination, at least in
those presenting with such phenotype. As a limitation, it
does per se not prove such a relationship, all the more as
ADEM occurs also, and much more often, in postinfectious
settings, including after minor respiratory infections, the
presence or absence of which in the weeks before onset was
not stated in most reports.

The fact that vaccinations against different viruses have
been reported in association with newly emerging MOG-
EM, on the other hand, would argue in favour of (but not
prove) the notion that vaccination is a non-specific trigger
rather than the specific cause of MOG-directed autoimmun-
ity. This notion is further supported by the fact that vac-
cination with the Oxford AstraZeneca vaccine and, more
rarely, other vaccines (BBV 152, “inactivated vaccine”) has
also been reported before a first attack of AQP4-IgG-pos-
itive NMOSD [2, 4, 36] and other forms of CNS demyeli-
nation not associated with MOG-IgG [24, 36, 38, 44, 48].
ChAdOx1-S/ChAdOx1 nCoV-19 might thus just be a more
potent trigger than BNT162b. However, it is still possible
that the vaccination is the actual cause (i.e., starts an auto-
immune reaction) in one disease and just a (non-specific)
trigger in other conditions. Moreover, the actual mechanism
may differ between vaccines and even interindividually (e.g.,
depending on HLA types and other genetic differences
between patients).

We count the number of items analysed, which included
clinical, radiological, serological and other laboratory fea-
tures, vaccination type and timing, and treatment outcomes,
among the strengths of this study. Potential limitations
include the retrospective design, a possible reporting bias
in favour of more severe cases, and, most importantly, the
fact that no control group was available because the cases
analysed were reported by various centres worldwide. As
discussed above, symptoms started already after the first

vaccination in the majority of cases but only after the second
or third vaccination in four patients. This gives rise not only
to the question of whether pre-existing subclinical MOG-
EM may have existed in some cases and been triggered by
vaccination-induced inflammation but also whether previous
contact with the SARS-CoV-2 spike protein plays any role in
disease pathogenesis. Although no or no remarkable medical
history was explicitly reported for most patients, it is a limi-
tation that previous or concomitant COVID-19 was either
not properly excluded (e.g., by testing for SARS-CoV-2
nucleocapsid protein-specific antibodies) or, provided it was
excluded, the relevant data were not included in most case
reports and series analysed. Given the high prevalence of
COVID-19, the high proportion of asymptomatic cases, and
the deficient political measures to prevent spread of infection
in many countries (including the countries of origin of all
patients included in the present analysis), it is at least con-
ceivable that prior or, less likely (since hospitalised patients
usually get tested for acute SARS-CoV-2 infection), con-
comitant infection unrecognized by the patients may have
occurred in individual cases. In that case, the vaccination
would not have been the first encounter with the antigen,
which may be of relevance when it comes to understand-
ing the pathogenesis of postvaccinal MOG-EM in general
as well as the apparently elevated severity compared with
non-vaccine-associated MOG-EM at onset. Previous infec-
tion with SARS-CoV-2 was explicitly reported in only one
patient, who had suffered from COVID-19 nine months prior
to vaccination (case 5 in the Table 1) and developed a severe
attack of MOG-EM with myelitis (with swelling of the SC
and paraplegia), BST and STE (diagnosed as “ADEM”)
10 days after the first dose of ChAdOx1 nCoV-19 requiring
IVMP, PLEX, OS and immunosuppressive treatment with
MMF.

Complications of vaccination are being systematically
documented in official registries in many countries. How-
ever, we believe it is crucial also to include all of these
patients in academic registries and biorepositories for use
in studies striving to improve our understanding of the
observed association of autoimmune neurological disorders,
such as MOG-EM, with vaccination against or infection with
SARS-CoV-2. In Germany, the Neuromyelitis optica Study
Group (NEMOS) currently collects data on cases of MOG-
EM and NMOSD associated with either SARS-CoV-2 vacci-
nation or COVID-19 (www.nemos-net.de), and the German
Network for Research on Autoimmune Encephalitis (GEN-
ERATE) documents cases of other forms of encephalitis/
encephalomyelitis of putative autoimmune aetiology occur-
ring in these settings (www.generate-net.de). Similar initia-
tives exist in other countries. Readers are strongly encour-
aged to include eligible patients in these registries.

We consider it important to stress that, on the basis of
the existing literature and the fact that more than 11 billion
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vaccine doses have been given worldwide, vaccination
against SARS-CoV-2 seems to be associated with newly
emerging MOG-EM only extremely rarely, and that a causal
link between the two events has not yet been formally dem-
onstrated. The benefits of vaccination, which is highly effec-
tive in preventing severe COVID-19, clearly outweigh the
minimal risk of developing MOG-EM.

Given the therapeutic and prognostic implications of
MOG-IgG seropositivity, we strongly recommend that all
patients presenting with clinical symptoms compatible
with acute optic neuritis, encephalitis, brainstem encepha-
litis, or myelitis (or any combination thereof) after vaccina-
tion against SARS-CoV-2 and radiological or, only in the
case of ON, electrophysiological signs of CNS demyelina-
tion should be tested for serum MOG-IgG without delay
by means of a well-established CBA employing full-length
human MOG as test substrate and Fc- (or IgG1-)specific
anti-human IgG secondary antibodies [14]. If available,
all positive test results should be confirmed using a sec-
ond assay, especially in the event that so-called ‘red flags’
as listed in [14] are present. As sensitivity differs between
assays, re-testing should be considered in case of a negative
(especially if borderline negative) test result if MOG-EM
is still suspected. Acute treatment should follow published
recommendations and guidelines. If high-dose IVMP does
not lead to rapid and complete or almost complete resolution
of symptoms, escalatory PLEX is often required; sometimes
IVIG is used, especially in children [11, 26]. It should be
noted that MOG-EM-associated symptoms may be steroid-
dependent; OS therapy with tapering is therefore commonly
used after IVMP. Whether long-term immunosuppressive/
immunomodulatory therapy (often with azathioprine, rituxi-
mab, MMF or, especially in children, IVIG) is required
depends on clinical presentation, attack severity, the degree
of symptom resolution after acute therapy, and on whether
relapses occur [11, 26, 45]. More needs to be learned about
the long-term treatment needs of patients with postvaccinal
MOG-EM.

Acknowledgements The authors are thankful to Ms. Katharina Mattes
and to the staff of the Nikon Imaging Center at the University of Hei-
delberg for their excellent technical assistance.

Author contributions SJ conceived the study, collected the data,
analysed the data, and wrote the manuscript. BW, NB and JH were
involved in patient care and biobanking. All authors were involved in
critically revising the manuscript.

Funding Open Access funding enabled and organized by Projekt
DEAL.

Declarations

Conflicts of interest The authors report that they have no conflict of
interest.

@ Springer

Consent to publish The patient gave written informed consent for
publication.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Azumagawa K, Nomura S, Shigeri Y, Jones LS, Sato DK,
Nakashima I, Kashiwagi M, Tanabe T, Shimakawa S, Nakajima
H, Tamai H (2016) Post-vaccination MDEM associated with
MOG antibody in a subclinical Chlamydia infected boy. Brain
Dev 38:690-693

2. Badrawi N, Kumar N, Albastaki U (2021) Post COVID-19 vac-
cination neuromyelitis optica spectrum disorder: case report and
MRI findings. Radiol Case Rep 16:3864-3867

3. Butler M, Tamborska A, Wood GK, Ellul M, Thomas RH, Galea
I, Pett S, Singh B, Solomon T, Pollak TA, Michael BD, Nicholson
TR (2021) Considerations for causality assessment of neurologi-
cal and neuropsychiatric complications of SARS-CoV-2 vaccines:
from cerebral venous sinus thrombosis to functional neurological
disorder. J Neurol Neurosurg Psychiatry 92:1144-1151

4. Chen S, Fan XR, He S, Zhang JW, Li SJ (2021) Watch out for
neuromyelitis optica spectrum disorder after inactivated virus vac-
cination for COVID-19. Neurol Sci 42:3537-3539

5. Cobo-Calvo A, Ruiz A, Maillart E, Audoin B, Zephir H, Bourre
B, Ciron J, Collongues N, Brassat D, Cotton F, Papeix C, Durand-
Dubief F, Laplaud D, Deschamps R, Cohen M, Biotti D, Ayrig-
nac X, Tilikete C, Thouvenot E, Brochet B, Dulau C, Moreau T,
Tourbah A, Lebranchu P, Michel L, Lebrun-Frenay C, Montcu-
quet A, Mathey G, Debouverie M, Pelletier J, Labauge P, Derache
N, Coustans M, Rollot F, De Seze J, Vukusic S, Marignier R,
OFSEP and NOMADMUS Study Group (2018) Clinical spectrum
and prognostic value of CNS MOG autoimmunity in adults: the
MOGADOR study. Neurology 90:¢1858-e1869

6. Dams L, Kraemer M, Becker J (2021) MOG-antibody-associated
longitudinal extensive myelitis after ChAdOx1 nCoV-19 vaccina-
tion. Mult Scler. https://doi.org/10.1177/13524585211057512

7. Escola JK, Deuschl C, Junker A, Dusse F, Pul R, Kleinschnitz
C, Kohrmann M, Frank B (2022) MOG antibody-associated
encephalomyelitis mimicking bacterial meningomyelitis following
ChAdOx1 nCoV-19 vaccination: a case report. Ther Adv Neurol
Disord 15:17562864211070684

8. European Centre for Disease Prevention and Control (2022) Data
on COVID-19 vaccination in the EU/EEA. https://www.ecdc.
europa.eu/en/publications-data/data-covid-19-vaccination-eu-eea.
Accessed 20 May 2022

9. Francis A, Palace J, Fugger L (2022) MOG antibody-associated
disease after vaccination with ChAdOx1 nCoV-19. Lancet Neurol
21:217-218

10. Greinacher A, Thiele T, Warkentin TE, Weisser K, Kyrle PA,

Eichinger S (2021) Thrombotic thrombocytopenia after ChAdOx1
nCov-19 vaccination. N Engl J] Med 384:2092-2101


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1177/13524585211057512
https://www.ecdc.europa.eu/en/publications-data/data-covid-19-vaccination-eu-eea
https://www.ecdc.europa.eu/en/publications-data/data-covid-19-vaccination-eu-eea

Journal of Neurology (2022) 269:5198-5212

5211

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Hemmer B et al (2021) Diagnosis and therapy of multiple scle-
rosis, neuromyelitis optica spectrum disorders and MOG-IgG-
associated diseases, S2k guideline. In: Deutsche Gesellschaft fiir
Neurologie (Ed.) Guidelines for diagnosis and therapy in neurol-
ogy. www.dgn.org/leitlinien (retrieved 07.04.2022)

Jarius S, Kleiter I, Ruprecht K, Asgari N, Pitarokoili K, Borisow
N, Hummert MW, Trebst C, Pache F, Winkelmann A, Beume LA,
Ringelstein M, Stich O, Aktas O, Korporal-Kuhnke M, Schwarz
A, Lukas C, Haas J, Fechner K, Buttmann M, Bellmann-Strobl
J, Zimmermann H, Brandt AU, Franciotta D, Schanda K, Paul F,
Reindl M, Wildemann B (2016) MOG-IgG in NMO and related
disorders: a multicenter study of 50 patients. Part 3: Brainstem
involvement—frequency, presentation and outcome. J Neuroin-
flamm 13:281

Jarius S, Lechner C, Wendel EM, Baumann M, Breu M, Schim-
mel M, Karenfort M, Marina AD, Merkenschlager A, Thiels C,
Blaschek A, Salandin M, Leiz S, Leypoldt F, Pschibul A, Hack-
enberg A, Hahn A, Syrbe S, Strautmanis J, Hausler M, Krieg
P, Eisenkolbl A, Stoffels J, Eckenweiler M, Ayzenberg I, Haas
J, Hoftberger R, Kleiter I, Korporal-Kuhnke M, Ringelstein M,
Ruprecht K, Siebert N, Schanda K, Aktas O, Paul F, Reindl M,
Wildemann B, Rostasy K, in cooperation with the Bsg, the Neu-
romyelitis optica Study G (2020) Cerebrospinal fluid findings in
patients with myelin oligodendrocyte glycoprotein (MOG) anti-
bodies. Part 2: results from 108 lumbar punctures in 80 pediatric
patients. J Neuroinflammation 17:262

Jarius S, Paul F, Aktas O, Asgari N, Dale RC, de Seze J, Franciotta
D, Fujihara K, Jacob A, Kim HJ, Kleiter I, Kumpfel T, Levy M,
Palace J, Ruprecht K, Saiz A, Trebst C, Weinshenker BG, Wil-
demann B (2018) MOG encephalomyelitis: international recom-
mendations on diagnosis and antibody testing. J Neuroinflamm
15:134

Jarius S, Paul F, Aktas O, Asgari N, Dale RC, de Seze J, Fran-
ciotta D, Fujihara K, Jacob A, Kim HJ, Kleiter I, Kumpfel T,
Levy M, Palace J, Ruprecht K, Saiz A, Trebst C, Weinshenker
BG, Wildemann B (2018) MOG encephalomyelitis: international
recommendations on diagnosis and antibody testing. Nervenarzt
89:1388-1399

Jarius S, Paul F, Franciotta D, Ruprecht K, Ringelstein M, Ber-
gamaschi R, Rommer P, Kleiter I, Stich O, Reuss R, Rauer S,
Zettl UK, Wandinger KP, Melms A, Aktas O, Kristoferitsch W,
Wildemann B (2011) Cerebrospinal fluid findings in aquaporin-4
antibody positive neuromyelitis optica: results from 211 lumbar
punctures. J Neurol Sci 306:82-90

Jarius S, Paul F, Martins da Silva A, Leite MI, Waters P, Littleton
E, Franciotta D, Palace J, Zipp F, Vincent A (2007) Neuromyelitis
optica and longitudinally extensive transverse myelitis following
thymectomy for myasthenia gravis. Mult Scler 13:P534

Jarius S, Paul F, Weinshenker BG, Levy M, Kim HJ, Wildemann
B (2020) Neuromyelitis optica. Nat Rev Dis Primers 6:85

Jarius S, Pellkofer H, Siebert N, Korporal-Kuhnke M, Hummert
MW, Ringelstein M, Rommer PS, Ayzenberg I, Ruprecht K,
Klotz L, Asgari N, Zrzavy T, Hoftberger R, Tobia R, Buttmann
M, Fechner K, Schanda K, Weber M, Asseyer S, Haas J, Lechner
C, Kleiter I, Aktas O, Trebst C, Rostasy K, Reindl M, Kumpfel
T, Paul F, Wildemann B, in cooperation with the Neuromyelitis
Optica Study G (2020) Cerebrospinal fluid findings in patients
with myelin oligodendrocyte glycoprotein (MOG) antibodies.
Part 1: results from 163 lumbar punctures in 100 adult patients. J
Neuroinflamm 17:261

Jarius S, Ruprecht K, Kleiter I, Borisow N, Asgari N, Pitarokoili
K, Pache F, Stich O, Beume LA, Hummert MW, Ringelstein M,
Trebst C, Winkelmann A, Schwarz A, Buttmann M, Zimmermann
H, Kuchling J, Franciotta D, Capobianco M, Siebert E, Lukas C,
Korporal-Kuhnke M, Haas J, Fechner K, Brandt AU, Schanda K,
Aktas O, Paul F, Reindl M, Wildemann B (2016) MOG-IgG in

21.

22.

23.

24.

25.

26.

27.

28.

29.

NMO and related disorders: a multicenter study of 50 patients.
Part 2: epidemiology, clinical presentation, radiological and labo-
ratory features, treatment responses, and long-term outcome. J
Neuroinflamm 13:280

Jarius S, Ruprecht K, Kleiter I, Borisow N, Asgari N, Pitarokoili
K, Pache F, Stich O, Beume LA, Hummert MW, Trebst C, Ringel-
stein M, Aktas O, Winkelmann A, Buttmann M, Schwarz A, Zim-
mermann H, Brandt AU, Franciotta D, Capobianco M, Kuchling
J, Haas J, Korporal-Kuhnke M, Lillevang ST, Fechner K, Schanda
K, Paul F, Wildemann B, Reindl M (2016) MOG-IgG in NMO
and related disorders: a multicenter study of 50 patients. Part
1: Frequency, syndrome specificity, influence of disease activ-
ity, long-term course, association with AQP4-IgG, and origin. J
Neuroinflamm 13:279

Jarius S, Ruprecht K, Wildemann B, Kuempfel T, Ringelstein M,
Geis C, Kleiter I, Kleinschnitz C, Berthele A, Brettschneider J,
Hellwig K, Hemmer B, Linker RA, Lauda F, Mayer CA, Tumani
H, Melms A, Trebst C, Stangel M, Marziniak M, Hoffmann F,
Schippling S, Faiss JH, Neuhaus O, Ettrich B, Zentner C, Guthke
K, Hofstadt-van Oy U, Reuss R, Pellkofer H, Ziemann U, Kern P,
Wandinger KP, Then Bergh F, Boettcher T, Langel S, Liebetrau
M, Rommer PS, Niehaus S, Munch C, Winkelmann A, Zettl UK,
Metz I, Veauthier C, Sieb JP, Wilke C, Hartung HP, Aktas O, Paul
F (2012) Contrasting disease patterns in seropositive and seron-
egative Neuromyelitis optica: a multicentre study of 175 patients.
J Neuroinflamm 9:14

Jurynczyk M, Messina S, Woodhall MR, Raza N, Everett R,
Roca-Fernandez A, Tackley G, Hamid S, Sheard A, Reynolds
G, Chandratre S, Hemingway C, Jacob A, Vincent A, Leite MI,
Waters P, Palace J (2017) Clinical presentation and prognosis in
MOGe-antibody disease: a UK study. Brain 140:3128-3138
Kania K, Ambrosius W, Tokarz Kupczyk E, Kozubski W (2021)
Acute disseminated encephalomyelitis in a patient vaccinated
against SARS-CoV-2. Ann Clin Transl Neurol 8:2000-2003
Kumar N, Graven K, Joseph NI, Johnson J, Fulton S, Hostoffer R,
Abboud H (2020) Case report: postvaccination anti-myelin oligo-
dendrocyte glycoprotein Neuromyelitis optica spectrum disorder:
a case report and literature review of postvaccination demyelina-
tion. Int J MS Care 22:85-90

Lai QL, Zhang YX, Cai MT, Zheng Y, Qiao S, Fang GL, Shen
CH (2021) Efficacy and safety of immunosuppressive therapy in
myelin oligodendrocyte glycoprotein antibody-associated disease:
a systematic review and meta-analysis. Ther Adv Neurol Disord
14:17562864211054156

Leite MI, Coutinho E, Lana-Peixoto M, Apostolos S, Waters
P, Sato D, Melamud L, Marta M, Graham A, Spillane J, Villa
AM, Callegaro D, Santos E, da Silva AM, Jarius S, Howard R,
Nakashima I, Giovannoni G, Buckley C, Hilton-Jones D, Vincent
A, Palace J (2012) Myasthenia gravis and Neuromyelitis optica
spectrum disorder: a multicenter study of 16 patients. Neurology
78:1601-1607

Loos J, Pfeuffer S, Pape K, Ruck T, Luessi F, Spreer A, Zipp
F, Meuth SG, Bittner S (2020) MOG encephalomyelitis: distinct
clinical, MRI and CSF features in patients with longitudinal exten-
sive transverse myelitis as first clinical presentation. J Neurol
267:1632-1642

Marignier R, Hacohen Y, Cobo-Calvo A, Probstel AK, Aktas
O, Alexopoulos H, Amato MP, Asgari N, Banwell B, Bennett
J, Brilot F, Capobianco M, Chitnis T, Ciccarelli O, Deiva K, De
Seze J, Fujihara K, Jacob A, Kim HJ, Kleiter I, Lassmann H, Leite
ML, Linington C, Meinl E, Palace J, Paul F, Petzold A, Pittock S,
Reindl M, Sato DK, Selmaj K, Siva A, Stankoff B, Tintore M,
Traboulsee A, Waters P, Waubant E, Weinshenker B, Derfuss T,
Vukusic S, Hemmer B (2021) Myelin-oligodendrocyte glycopro-
tein antibody-associated disease. Lancet Neurol 20:762-772

@ Springer


http://www.dgn.org/leitlinien

5212

Journal of Neurology (2022) 269:5198-5212

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Matsumoto Y, Ohyama A, Kubota T, Ikeda K, Kaneko K, Takai Y,
Warita H, Takahashi T, Misu T, Aoki M (2022) MOG antibody-
associated disorders following SARS-CoV-2 vaccination: a case
report and literature review. Front Neurol 13:845755

Minsterio della Salute (2022) Report vaccini anti COVID-19.
https://www.governo.it/it/cscovid19/report-vaccini. Accessed 20
May 2022

Miyamoto K, Koh J, Takahashi M, Niwa M, Ito H (2022) A case
of anti-MOG antibody-positive ADEM following COVID-19
mRNA vaccination. Neurol Sci 43(6):3513-3514

Mori M, Kawaguchi N, Uzawa A, Nemoto Y, Masuda S, Kuwa-
bara S (2012) Seroconversion of anti-aquaporin-4 antibody in
NMO spectrum disorder: a case report. J Neurol 259:980-981
Mumoli L, Vescio V, Pirritano D, Russo E, Bosco D (2022)
ADEM anti-MOG antibody-positive after SARS-CoV2 vaccina-
tion. Neurol Sci 43:763-766

National Health Service (2022) COVID-19 vaccinations in Eng-
land by age group. https://www.england.nhs.uk/statistics/wpcon
tent/uploads/sites/2/2022/04/COVID-19-daily-announced-vacci
nations-01-April-2022.x1sx. Accessed 10 Apr 2022

Netravathi M, Dhamija K, Gupta M, Tamborska A, Nalini A,
Holla VV, Nitish LK, Menon D, Pal PK, Seena V, Yadav R,
Ravindranadh M, Faheem A, Saini J, Mahadevan A, Solomon
T, Singh B (2022) COVID-19 vaccine associated demyelination
& its association with MOG antibody. Mult Scler Relat Disord
60:103739

Nishiyama S, Ito T, Misu T, Takahashi T, Kikuchi A, Suzuki N,
Jin K, Aoki M, Fujihara K, Itoyama Y (2009) A case of NMO
seropositive for aquaporin-4 antibody more than 10 years before
onset. Neurology 72:1960-1961

Pagenkopf C, Sudmeyer M (2021) A case of longitudinally exten-
sive transverse myelitis following vaccination against Covid-19.J
Neuroimmunol 358:577606

Patone M, Handunnetthi L, Saatci D, Pan J, Katikireddi SV, Razvi
S, Hunt D, Mei XW, Dixon S, Zaccardi F, Khunti K, Watkinson
P, Coupland CAC, Doidge J, Harrison DA, Ravanan R, Sheikh A,
Robertson C, Hippisley-Cox J (2021) Neurological complications
after first dose of COVID-19 vaccines and SARS-CoV-2 infection.
Nat Med 27:2144-2153

Petereit HF, Sindern E, Wick M (2007) CSF diagnostics. Guide-
lines and catalogue of methods of the German Society for Cer-
ebrospinal Fluid Diagnostics and Clinical Neurochemistry.
Springer, Heidelberg

Ramanathan S, Mohammad S, Tantsis E, Nguyen TK, Merheb
V, Fung VSC, White OB, Broadley S, Lechner-Scott J, Vucic

Authors and Affiliations

S. Jarius'? - N. Bieber? - J. Haas' - B. Wildemann'

Molecular Neuroimmunology Group, Department
of Neurology, University of Heidelberg, Heidelberg,
Germany

Department of Neurology, University of Heidelberg,
Heidelberg, Germany

@ Springer

42.

43.

44,

45.

46.

47.

48.

3

S, Henderson APD, Barnett MH, Reddel SW, Brilot F, Dale RC
(2018) Clinical course, therapeutic responses and outcomes in
relapsing MOG antibody-associated demyelination. J Neurol Neu-
rosurg Psychiatry 89:127-137

Sechi E, Buciuc M, Flanagan EP, Pittock SJ, Banks SA, Lopez-
Chiriboga AS, Bhatti MT, Chen JJ (2021) Variability of cerebro-
spinal fluid findings by attack phenotype in myelin oligoden-
drocyte glycoprotein-IgG-associated disorder. Mult Scler Relat
Disord 47:102638

Sepulveda M, Armangue T, Martinez-Hernandez E, Arrambide G,
Sola-Valls N, Sabater L, Tellez N, Midaglia L, Arino H, Peschl P,
Reindl M, Rovira A, Montalban X, Blanco Y, Dalmau J, Graus F,
Saiz A (2016) Clinical spectrum associated with MOG autoim-
munity in adults: significance of sharing rodent MOG epitopes. J
Neurol 263:1349-1360

Vogrig A, Janes F, Gigli GL, Curcio F, Negro ID, D’Agostini
S, Fabris M, Valente M (2021) Acute disseminated encephalo-
myelitis after SARS-CoV-2 vaccination. Clin Neurol Neurosurg
208:106839

Whittam DH, Cobo-Calvo A, Lopez-Chiriboga AS, Pardo S,
Gornall M, Cicconi S, Brandt A, Berek K, Berger T, Jelcic I,
Gombolay G, Oliveira LM, Callegaro D, Kaneko K, Misu T,
Capobianco M, Gibbons E, Karthikeayan V, Brochet B, Audoin
B, Mathey G, Laplaud D, Thouvenot E, Cohen M, Tourbah A,
Maillart E, Ciron J, Deschamps R, Biotti D, Rostasy K, Neute-
boom R, Hemingway C, Forsyth R, Matiello M, Webb S, Hunt
D, Murray K, Hacohen Y, Lim M, Leite MI, Palace J, Solomon
T, Lutterotti A, Fujihara K, Nakashima I, Bennett JL, Pandit L,
Chitnis T, Weinshenker BG, Wildemann B, Sato DK, Kim SH,
Huda S, Kim HJ, Reindl M, Levy M, Jarius S, Tenembaum S, Paul
F, Pittock S, Marignier R, Jacob A (2020) Treatment of MOG-
IgG-associated disorder with rituximab: an international study of
121 patients. Mult Scler Relat Disord 44:102251

WHO Pharmacovigilence Team and The Uppsala Monitoring
Centre. The use of the WHO-UMC system for standardised case
causality assessment. https://www.who.int/medicines/areas/quali
ty_safety/safety_efficacy/WHOcausality_assessment.pdf. Date
retrieved: 04.04.2022.

Younes S, Sigireddi RR, Raviskanthan S, Mortensen PW, Lee
AG (2021) Bilateral myelin oligodendrocyte glycoprotein-related
optic neuritis presenting after herpes zoster subunit vaccination.
Can J Ophthalmol 56:¢157-e160

Zuhorn F, Graf T, Klingebiel R, Schabitz WR, Rogalewski A
(2021) Postvaccinal Encephalitis after ChAdOx1 nCov-19. Ann
Neurol 90:506-511

Otto Meyerhof Center, Im Neuenheimer Feld 350,
69120 Heidelberg, Germany


https://www.governo.it/it/cscovid19/report-vaccini
https://www.england.nhs.uk/statistics/wpcontent/uploads/sites/2/2022/04/COVID-19-daily-announced-vaccinations-01-April-2022.xlsx
https://www.england.nhs.uk/statistics/wpcontent/uploads/sites/2/2022/04/COVID-19-daily-announced-vaccinations-01-April-2022.xlsx
https://www.england.nhs.uk/statistics/wpcontent/uploads/sites/2/2022/04/COVID-19-daily-announced-vaccinations-01-April-2022.xlsx
https://www.who.int/medicines/areas/quality_safety/safety_efficacy/WHOcausality_assessment.pdf
https://www.who.int/medicines/areas/quality_safety/safety_efficacy/WHOcausality_assessment.pdf

	MOG encephalomyelitis after vaccination against severe acute respiratory syndrome coronavirus type 2 (SARS-CoV-2): case report and comprehensive review of the literature
	Abstract
	Background 
	Objective 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Case report
	Literature review

	Results
	Case report
	Literature review
	Epidemiology
	Clinical and paraclinical findings: ON
	Clinical and paraclinical findings: myelitis
	Clinical and paraclinical findings: BSTE
	Clinical and paraclinical findings: STE
	Attack severity
	Treatments
	Treatment outcomes
	Serology
	CSF findings
	Differential diagnosis
	Personal and family history
	Re-exposure


	Discussion
	Acknowledgements 
	References




