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Abstract
Background  Based on clinical, immunological and histopathological evidence, MOG-IgG-associated encephalomyelitis 
(MOG-EM) has emerged as a distinct disease entity different from multiple sclerosis (MS) and aquaporin-4-antibody-positive 
neuromyelitis optica spectrum disorder (NMOSD). MOG-EM is associated with a broader clinical phenotype including optic 
neuritis, myelitis, brainstem lesions and acute disseminated encephalomyelitis with a substantial clinical and radiological 
overlap to other demyelinating CNS disorders.
Objective  To evaluate common clinical, MRI and CSF findings, as well as therapy responses in patients with longitudinal 
extensive transverse myelitis (LETM) as initial clinical presentation of MOG-EM.
Methods  After excluding patients with a known diagnosis of MS, we identified 153 patients with myelitis of which 7 fulfilled 
the inclusion criteria and were investigated for MRI, CSF and clinical parameters.
Results  Patients with LETM as first clinical presentation of MOG-EM display similar characteristics, namely a lack of 
gadolinium-enhancement in spinal cord MRI, marked pleocytosis, negative oligoclonal bands, a previous history of infec-
tions/vaccinations and response to antibody-depleting treatments for acute attacks and long-term treatment.
Conclusions  We identify common pathological findings in patients with LETM as first clinical presentation of MOG-EM 
which distinguishes it from other forms of LETM and should lead to testing for MOG-IgG in these cases.

Keywords  Myelin oligodendrocyte glycoprotein (MOG) antibodies · Diagnosis · Myelitis · Longitudinal extensive 
transverse myelitis (LETM) · Neuromyelitis optica spectrum disorders (NMOSD)

Abbreviations
MOG-EM	� MOG-IgG-associated encephalomyelitis
MS	� Multiple sclerosis
NMOSD	� Neuromyelitis optica spectrum disorder
LETM	� Longitudinal extensive transverse myelitis
ADEM	� Acute disseminated encephalomyelitits
ON	� Optic neuritis
MRI	� Magnetic resonance imaging
FLAIR	� Fluid-attenuated inversion recovery

CSF	� Cerebrospinal fluid
EDSS	� Expanded disability status scale
VEP	� Visual evoked potential

Introduction

Myelin oligodendrocyte glycoprotein (MOG) is an 
encephalitogenic protein on CNS oligodendrocytes that 
can initiate demyelinating autoimmune responses in 
experimental models of inflammatory demyelinating dis-
eases [1]. After years of conflicting research on the role 
of MOG-IgG antibodies in neuroinflammatory diseases, 
the methodological improvements using more reliable 
cell-based assays presenting human MOG protein in a 
biosimilar conformation have identified typical clinical 
presentations associated with anti-MOG-IgG antibod-
ies, now called MOG-IgG-associated encephalomyelitis 
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(MOG-EM). In the past few years, growing clinical, 
immunological and histopathological evidence suggests 
that MOG-EM can now be considered as a clearly distinct 
disease entity from both multiple sclerosis (MS) and aqua-
porin-4-positive neuromyelitis optica spectrum disorder 
(NMOSD) [2–5]. Terms like “MOG-positive NMOSD” 
should, therefore, be avoided to clearly separate MOG-
EM, which has a different antibody-mediated pathology 
and broader clinical spectrum, from aquaporin-4 associ-
ated NMOSD [1, 3]. While anti-myelin oligodendrocyte 
glycoprotein antibodies (MOG-IgG) were originally 
linked especially to acute disseminated encephalomyeli-
tis (ADEM)-like presentation in pediatric patients [6, 7], 
more recent studies proposed a wider clinical spectrum 
including uni- and bilateral optic neuritis (ON), short and 
longitudinal extensive transverse myelitis (LETM), brain-
stem and cerebellar lesions or seizures [8–15].

Recently, for the first time, diagnostic criteria for MOG-
EM have been proposed based on a combination of (1) sero-
positivity for MOG-IgG with (2) one of the clinical presenta-
tions described above and (3) MRI or electrophysiological 
findings compatible with CNS demyelination [2]. Due to a 
substantial overlap in clinical and radiological presentations 
between MOG-EM and other acquired demyelinating CNS 
disorders, deciding which clinical and paraclinical findings 
should be accompanied by MOG-IgG testing, especially at 
first clinical presentation, remains an evolving challenge. 
For example, isolated uni- or bilateral optic neuritis has been 
reported as the most common symptom at MOG-EM disease 
onset (64% and 73% of patients in a German and an Aus-
tralasian/New Zealand cohort of patients with MOG-EM) 
[8, 16] and isolated LETM was the first clinical symptom in 
only 11% and 18% of these patients. This lies in the range 
of 7.4–23.2% of previously reported prevalence of MOG-
IgG seropositivity in AQP4-IgG-seronegative LETMs [4]. 
In these cohorts, patients with LETM as first clinical symp-
tom were associated with a larger percentage of residual 
disability, suggesting that early and aggressive treatment 
would be particularly warranted in this patient population 
[16]. Apart from MOG-EM and NMOSD, LETM occurs in 
various other autoimmune inflammatory diseases such as 
neurosarcoidosis or Sjögren syndrome [17]. So far, details 
about clinical, MRI and radiological findings of patients 
with LETM as a first clinical manifestation of MOG-EM are 
still rare, especially in cohorts exclusively including adults. 
In our study, we investigated characteristics of such patients 
in a cohort of seven individuals presenting with isolated 
MOG-IgG-positive LETM, identified from a larger cohort 
of 62 patients with LETM. We report cerebrospinal fluid 
(CSF) and magnetic resonance imaging (MRI) data, clinical 
presentation and disease development under B cell-depleting 
therapy. We present common characteristics of MOG-EM 
patients with LETM at initial presentation, which will help 

distinguish this condition from alternative inflammatory-
mediated spinal cord affections.

Methods

Patients

Clinical and paraclinical data of patients who presented 
with myelitis between 2010 and 2018 in the university 
medical centers of Mainz and Münster were evaluated. 
Data were obtained for routine clinical assessment and ret-
rospectively evaluated. Patients who had been diagnosed 
with MS according to the revised McDonald criteria [18] 
were excluded from the study. We identified 153 myelitis 
patients of which 91 showed spinal cord lesions extended 
over less than three vertebral segments and were excluded 
from further analysis. In this subgroup, 39 patients were 
tested for MOG-IgG antibodies and 3 tested positive. 62 
patients showed longitudinal extensive transverse myelitis 
(LETM) defined as at least one spinal cord lesion extend-
ing over more than three vertebral segments. In this cohort, 
eight patients tested positive for MOG-IgG antibodies in 
serum. Patients who did not show isolated LETM as first 
clinical presentation of MOG-EM were excluded from this 
study. One of the patients showed a combination of LETM 
with severe cerebral ADEM and more than 15 cerebral gado-
linium enhancing lesions and was, therefore, excluded. In 
total, seven patients presented with isolated myelitis and 
were further evaluated (see Fig. 1). Patients were followed 
up for an average of 31 months after disease initiation (range 
6–68 months). Available brain and spinal cord MRI data 
were evaluated and included axial and sagittal images of the 
brain and spinal cord obtained by T1-weighted, T2-weighted 
and fluid-attenuated inversion recovery (FLAIR). MRI data 
were obtained during primary manifestation of disease 
before start of treatment. See Table 1 for all patient data.

MOG antibody detection

Anti-MOG-IgG antibody titers in serum and CSF were 
determined using cell-based assays (Anti-Myelin Oligoden-
drocyte Glycoprotein (MOG) IIFTT, EUROIMMUN AG) 
with native MOG as a substrate. Data on Anti-MOG-IgG 
antibody titers were obtained during routine clinical assess-
ment of patients and retrospectively evaluated.

Standard protocol approvals, registrations 
and patient consents

This study was approved by the local ethical committees 
and performed according to the Helsinki Declaration. All 
patients provided written informed consent (Fig. 2).
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Results

Epidemiological data and clinical presentation

Of 153 patients who presented with myelitis in two expert 
centers, 62 showed longitudinal extensive transverse mye-
litis (LETM). In this cohort, eight patients tested posi-
tive for MOG-IgG antibodies in serum. In total, seven 
patients presented with isolated myelitis and were further 
evaluated (see Table 1). Patients were followed-up for 

an average of 31 months after disease initiation (range 
6–68  months). Of the seven patients between 21 and 
41 years (average 31.7 years), three were males and four 
females. This is in accordance with a generally higher rate 
of male patients with MOG-EM compared to NMOSD 
(only around 10–15%) [4]. Two patients had hypothyroid-
ism, one had scoliosis and the other patients did not have 
any chronic disease. Four patients had acute infections 
prior to onset of myelitis symptoms including infections 
of the skin, gastrointestinal tract, respiratory system and 

Myeli�s 
(without MS)

n=153

LETM
n=62

MOG + spinal  cord Gd-
isolated myeli�s

n=7

ADEM-like MOG+ 
disease

n=1

other
n=54

Spinal cord lesion
extended over less

than 3 vertebral 
segments

n=91

MOG+
n=3 

(among 39 tested for
MOG)

Diagnosis Number of 
pa�ents

Sarcoidosis 4

AQP4+ NMOSD 16

AQP4- NMOSD 10

Idiopathic 19

Infec�ous 3

Sjögren‘ s 1

SLE 1

Fig. 1   Flow chart demonstrating selection of patients for further anal-
ysis and distribution of etiology of LETM in patients. ADEM acute 
disseminated encephalomyelitis, AQP4 aquaporin 4, LETM longitudi-

nal extensive transverse myelitis, MOG myelin oligodendrocyte gly-
coprotein, MS multiple sclerosis, NMOSD neuromyelitis optica spec-
trum disorder
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acute pyelonephritis. One patient had received vaccination 
for diphtheria, pertussis, poliomyelitis and tetanus 2 weeks 
prior to disease onset. Of note, all patients presented with 
similar, rapidly developing symptoms of severe acute 
myelitis including paraplegia, sensory loss and urinary 
retention (mean EDSS 7.6, range 6.5–9).

Patients with MOG‑antibody positive LETM lack 
gadolinium enhancement in spinal cord MRI

Spinal cord lesions indicative of acquired demyelinating 
disease were detected in T2-weighted MRI images dur-
ing the peak of disease symptoms in all patients. Lesions 
were mainly located in the cervical (3 out of 7 patients) 
or thoracic (3 out of 7 patients) spine. One patient showed 
lesions in the whole spine. On average, lesions extended 
over nine spinal segments (range 4–19 segments). We did 
not observe swelling or signs of necrosis of the spinal cord 
in any patients. In accordance with previous reports [13], 
lesions were located ventrally in the spinal cord with axial 
sequences showing T2 hyperintensity most prominent 
around the central canal. While gadolinium enhancement 
of spinal lesions is frequent in patients with NMOSD [19, 
20], we could not detect gadolinium enhancing lesions at 
any time point in our patient cohort. Cranial MRI showed 
no abnormal findings in these patients at onset of disease. 
In six patients, information on follow-up cranial MRI was 
available. While five patients still showed negative cranial 
MRIs in the follow-up, one patient showed one small fronto-
temporal white matter lesion without gadolinium enhance-
ment that was evaluated as non-MOG-EM specific 6 years 
after initial manifestation of MOG-EM.

Optic neuritis is not associated with episodes 
of isolated LETM as first clinical presentation 
of MOG‑EM

Optic neuritis is a common feature in patients diagnosed 
with NMO or NMOSD. Moreover, both diseases are fre-
quently associated with LETM [21, 22], which is also 
reflected in our cohort of LETM patients in which 26 out 
of 54 (48.1%) patients with LETM were positive for aqua-
porin-4-antibodies or met the 2015 Wingerchuk criteria [21]. 
Interestingly, in our patient cohort presenting with MOG-
antibody positive LETM, none of the patients had clinically 
apparent optic neuritis during the first phase of their dis-
ease. Only one patient showed delayed P100 latencies in 
both eyes suggesting a subclinical optic nerve inflammation, 
but had not experienced an episode of optic neuritis. Visual 
evoked potentials (VEP) from other six patients were with-
out abnormalities.C
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MOG antibodies can be detected in serum 
during acute disease and can disappear in remission

All patients tested positive for MOG-IgG antibody in serum 
during the first clinical episode with titers ranging from 
1:32 to 1:3200 (mean 1:555). No MOG antibodies could be 
detected in the CSF. This is in line with previous studies that 
showed that MOG-IgG is produced mainly in the periphery 
[23]. Remarkably, at remission, MOG antibodies could no 
longer be detected in five out of seven patients. All patients 
tested negative for Aquaporin-4 antibodies.

Patients show lymphocytic pleocytosis and high 
protein levels in CSF, but no oligoclonal bands 
or MRZ reaction

Lumbar puncture and CSF collection was performed on all 
seven patients at disease onset. CSF-restricted oligoclonal 
IgG bands, indicative of intrathecal IgG synthesis, were 
not detected for any of the patients. All patients showed a 
type 1 pattern in the isoelectric focusing [24]. We could not 
detect mirror patterns in CSF analysis of our patient cohort. 

Moreover, MRZ reaction was negative in all patients. Protein 
levels in CSF ranged from 64 to 1100 mg/dl (mean 465 mg/
dl). CSF/serum albumin quotient (Qalb) ranged from 9.25 to 
18.49 (mean 13.61). CSF lactate was elevated in 5/7 patients 
(71.4%). In a previous study 42.9% of Aquaporin-4-positive 
NMO patients showed an elevation of CSF lactate levels 
[25]. All patients showed remarkable lymphocytic pleo-
cytosis (mean 218 cells/µl, range 49–353 cells/µl, normal 
range: < 5 cells/µl).

Patients respond well to plasma exchange 
and long‑term B‑cell depleting therapy

All individual disease courses are depicted in Fig. 3. Patients 
in the acute phase of MOG-EM were treated with glucocor-
ticoids, plasma exchange and intravenous immunoglobulin 
therapy. In one case, a patient received only glucocorticoid 
treatment and only made a partial recovery (improvement 
from EDSS 7 to EDSS 5). The other six patients did not 
respond to glucocorticoids and received plasma exchange 
which was evaluated as effective in five cases. (EDSS 

Fig. 2   aRepresentative exam-
ples of brain MRI scans from 
one patient during peak of 
disease symptoms. No lesions 
were detected in either T2- or 
T1-weighted MRI images with 
gadolinium (Gd). b Representa-
tive examples of spinal cord 
lesions detected by MRI in each 
patient. Sagittal T2-weighted 
spinal MRI performed at 
disease onset show longitudinal 
lesions extending throughout 
the spinal cord. Inserts show 
axial sections of the spinal cord 
at lesion level
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decreased by at least 1). In one case only application of 
intravenous immunoglobulin showed efficacy.

After recovery from the initial episode of the disease, 
long-term immunotherapy was established in all patients. 
Six out of seven patients were treated with rituximab, five of 

whom did not have any relapses during follow-up (average 
observation period under rituximab treatment: 25 months). 
One of these patients was switched to azathioprine after 
14 months of treatment. One patient suffered from an end-
of-dose relapse after 45 months with a count of 30 CD19+ 

Fig. 3   a Figure showing individual treatment regimen of patients 
(y-axis) during the first 12 weeks after disease onset (x-axis). Acute 
treatment is shown by different symbols (IVIG intravenous immuno-
globulins, PEX plasma exchange, IVMPS intravenous methylpredni-
solone). Induction of long-term treatment is shown by lines, adminis-

trations are marked with an x. Patient seven did not receive long-term 
treatment during the first 12  weeks of disease. b Figure showing 
length and treatment regimen of long-term treatment. Administrations 
of rituximab/cyclophosphamide are marked with an x. Relapses are 
marked with an arrow
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B-cells/µl at time of relapse. One patient was initially 
treated with cyclophosphamide, switched to azathioprine 
after 12 months and did not have any relapses during the 
68 month observation period.

LETM as first clinical presentation of MOG‑EM 
is associated with positive clinical outcome

In our study four patients showed total recovery (EDSS 
0) and three patients showed significant recovery but had 
residual symptoms including hypoesthesia, impaired blad-
der function and gait (EDSS range 1–6, mean EDSS 4). 
CSF protein levels in patients who recovered completely 
ranged from 49–150 mg/dl (mean 101 mg/dl), and were sig-
nificantly higher (p < 0.05, Student’s t test) in patients with 
residual symptoms after treatment (mean 940 mg/dl, range 
784–1100 mg/dl). Moreover, we observed higher MOG anti-
body titers (range 1:32–1:320) in patients who recovered 
completely than in patients who did not (range 1:10–1:100). 
Lymphocytic cell count in the CSF also differed between the 
two groups. Patients who recovered completely showed high 
lymphocytic cell counts (mean 270 cells/µl, range 136–353 
cells/µl), whereas lymphocytic cell count in patients who did 
not recover completely were still elevated but significantly 
lower [mean 98 cells/µl, range 49–179 cells/µl; (p < 0.05, 
Student’s t test)]. Initial clinical severity of disease did not 
have an influence on the outcome as there was no signifi-
cant difference (p = 0.46, Student’s t test) in EDSS scores at 
nadir of disease of patients who recovered completely (mean 
EDSS 7.9) and patients that showed only partial recovery 
(mean EDSS 7.3).

Discussion

LETM is a heterogeneous disorder with various causes 
including infectious, acquired autoimmune and connective 
tissue disorders resulting in different clinical features and 
outcome. In our study, we identified first clinical pres-
entation of MOG-EM as the underlying cause of LETM 
in 11% of patients who displayed quite similar clinical, 
radiological and CSF phenotypes. When comparing our 
findings with two larger cohorts of patients with MOG-
EM, the German NEMOS cohort and Australasian/New 
Zealand MOG study group, preceding infections prior 
to first attack of MOG-EM were reported in 11/50 (22%; 
NEMOS) and 28/59 (47%; AUS) patients. Taking into 
account all attacks, 15/37 (41%) patients in the NEMOS 
group reported at least one attack preceded by infection. 
First clinical attack was preceded by vaccinations in 2/50 
(4%; NEMOS) and 2/59 (3%; AUS) patients [8, 16, 23]. 
Our cohort is in line with these findings (4/7: cases pre-
ceded by infection; 1/7: preceded by vaccination) pointing 

towards the importance of external triggers for immune 
system activation in about 50% of patients. Moreover, 
there has been a previous report in which MOG-IgG-
positive myelitis has been associated with thyroid gland 
disease [16] while these findings should currently not be 
overemphasized due to the high prevalence of thyroid 
diseases.

Spinal cord MRI findings in the NEMOS cohort reported 
contrast enhancement in 19/28 (67%) patients [16]. Other 
reports also state a regular occurrence of gadolinium 
enhancement in both MOG- and aquaporin-4 positive 
LETM [26]. Interestingly, this is in contrast to our results 
(0/7 patients). It should be noted that previous investigations 
assessed spinal cord images irrespective of the time point 
during the disease course at which MRI images were taken 
and that our findings might, therefore, be characteristic for 
the specific subgroup of patients with MOG-EM presenting 
with LETM only as first clinical attack. Of note, 55.7% of 
the 62 patients with LETM showed gadolinium enhancement 
of lesions in spinal cord MRI. Lack of gadolinium enhance-
ment, although not exclusive to MOG-EM, could, therefore, 
be a feature of MOG-EM with LETM as first presentation 
and should lead to testing of MOG-IgG in these patients. 
Only limited data are available for whether MOG-IgG anti-
body titers, which might primarily be involved in causing 
demyelinating lesions, are useful to monitor disease courses. 
In a recent study, titers > 1:2560 were only found in a short 
time window at acute attack, while other patients still had 
relatively low titers during acute attacks or high titers during 
remission [23]. In our study we used commercial fixed cell 
based assays to measure MOG antibodies. This is a possible 
limitation to our study as recent studies demonstrate that 
this assay has a lower sensitivity and specificity compared 
to live cell-based assays and could, therefore, lead to false 
positives in patients with low titers [27, 28]. Although some 
of our patients had relatively low titers, we see the diagnosis 
of MOG-EM confirmed in the typical clinical association 
[2]. Moreover, our cohort has been retested for MOG-IgG 
in remission and in 5/7 patients MOG-IgG could no longer 
be detected. All these patients presented with a monophasic 
disease course during our observation period and the only 
patient in our cohort with a second relapse stayed MOG-IgG 
positive. There have been previous reports about patients, 
especially with a monophasic disease course in which MOG-
IgG disappeared over time. However, these studies mainly 
reported on children and juveniles and lacked long-term data 
or did not specifically address LETM as first presentation of 
MOG-EM [2, 7, 29–31]. Our findings emphasize that, also 
in adults, disappearance of MOG-IgG can hint towards a 
monophasic disease course. Re-testing of MOG-IgG positive 
patients after recovery from the first attack should, therefore, 
be considered to inform treatment decisions in MOG-EM 
patients.
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Patients responded well to plasma exchange or intra-
venous immunoglobulin but not to corticosteroids during 
acute attack. This suggests a direct pathological role of 
the MOG-IgG antibody as has been discussed previously 
[1]. Previous reports described that corticosteroids were 
not always effective and were followed by partial or no 
recovery in 50% of treated attacks [16]. In none of our 
patients corticosteroids were followed by complete recov-
ery, underlining a higher efficacy of plasma exchange 
treatment in patients with LETM as a first presentation 
of disease.

In our cohort, all patients were treated with long-term 
immunotherapy after first acute attack. Previous obser-
vational studies have demonstrated a beneficial effect of 
rituximab in reducing relapse rate in patients [8]. This is 
consistent with observations in our study, in which 6/7 
patients were treated with rituximab and we observed 
a low relapse rate, though further investigation would 
be needed to confirm whether this correlation is also 
causative.

During our observation period, we observed a low relapse 
rate of 14% (one out of seven patients). This might be due to 
the efficacy of the immunosuppressive treatment but could 
also hint towards a monophasic disease course in MOG-IgG 
positive disease as discussed in previous studies [16, 32–34]. 
Relapses in MOG-EM seem to occur later than in NMOSD 
(only one attack after 12–24 months in MOG-EM: 41–70% 
versus NMOSD: 7–29%) [4, 5, 34]. Altogether, longer 
observation periods show a drastically higher percentage of 
patients with at least one second attack. In a longer follow-up 
study of 43 months, only 29% of patients had a monophasic 
disease course and after 8 years, this patient group went 
down to only 7% [26]. This underlines that a severe clinical 
onset of MOG-EM should rather justify a prolonged treat-
ment period with immunomodulatory drugs as the second 
clinical attack can occur only after an interval of several 
years.

Conclusion

In summary, we identified rapid and severe onset, previous 
infections, lack of gadolinium enhancement in spinal cord 
MRI and strong pleocytosis and negative oligoclonal bands 
in CSF analysis as common pathological findings in patients 
with LETM as first clinical presentation of MOG-EM. While 
none of these clinical and paraclinical markers is exclusive 
for MOG-EM, patients with aquaporin-4 negative LETM 
should be routinely tested for MOG-IgG as a marker for 
MOG-EM in these cases. Disappearance of MOG-seropos-
itivity in remission is likely associated with a monophasic 
disease course.
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