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CASE REPORT

Failure of alemtuzumab therapy in three 
patients with MOG antibody associated disease
Sinali O. Seneviratne1,2, Mark Marriott2, Sudarshini Ramanathan3,4,5, Wei Yeh6,7,8, Fabienne Brilot‑Turville3,4, 
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Abstract 

Background:  Myelin Oligodendrocyte Glycoprotein antibody-associated disease (MOGAD) is most classically associ‑
ated in both children and adults with phenotypes including bilateral and recurrent optic neuritis (ON) and transverse 
myelitis (TM), with the absence of brain lesions characteristic of multiple sclerosis (MS). ADEM phenotype is the most 
common presentation of MOGAD in children. However, the presence of clinical phenotypes including unilateral ON 
and short TM in some patients with MOGAD may lead to their misdiagnosis as MS. Thus, clinically and radiologically, 
MOGAD can mimic MS and clinical vigilance is required for accurate diagnostic workup.

Case presentation:  We present three cases initially diagnosed as MS and then treated with alemtuzumab. Unex‑
pectedly, all three patients did quite poorly on this medication, with a decline in their clinical status with worsening 
of expanded disability status scale (EDSS) and an increasing lesion load on magnetic resonance imaging of the brain. 
Subsequently, all three cases were found to have anti-MOG antibody in their serum.

Conclusions:  These cases highlight that if a patient suspected to have MS does not respond to conventional treat‑
ments such as alemtuzumab, a search for alternative diagnoses such as MOG antibody disease may be warranted.
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Background
Multiple sclerosis (MS) is a demyelinating disease of the 
central nervous system with a characteristic clinical and 
radiological profile [1]. It can be misdiagnosed with other 
demyelinating disorders due to overlapping imaging fea-
tures and clinical presentations, which can vary widely 
between different patients and within the same patient 
over time [2].

One of the immunomodulatory medications for the 
treatment of MS is alemtuzumab, a monoclonal antibody 
that leads to reduced levels of T and B lymphocytes via its 
targeting of the cell-surface glycoprotein CD52 [3]. In the 
CAMMS223 study [4], patients with relapsing–remitting 

MS (RRMS) and Expanded Disability Status Scale (EDSS) 
score of 0–3 were randomized to treatment with alem-
tuzumab or interferon beta 1a (IFNB-1a). At 3  years, 
the annualised relapse rate was significantly reduced by 
70% in patients who received alemtuzumab compared 
to IFNB-1a [4]. Similarly confirmed disability worsening 
(CDW) was reduced by 70% in patients receiving alem-
tuzumab compared with those in the IFNB-1a group 
[4], highlighting the very effective therapeutic poten-
tial of alemtuzumab in the treatment of RRMS. A well-
established adverse effect of alemtuzumab therapy is the 
emergence of secondary autoimmune conditions such 
as Graves’ disease and immune thrombocytopenia [3]. 
Moreover, it has recently been reported that alemtu-
zumab can also induce diffuse alveolar bleeding [5].

MOG antibody-associated disease (MOGAD) is one 
of the demyelinating diseases that can be misdiagnosed 
as MS [6]. Typically, these patients present with optic 
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neuritis (ON) (bilateral ON more frequent than unilateral 
ON), acute demyelinating encephalomyelitis (ADEM), 
transverse myelitis (TM), and cortical seizures in the 
absence of brain lesions consistent with MS [7]. While 
bilateral ON and longitudinally extensive TM are more 
characteristic presentations in MOGAD, the phenotypes 
that do overlap with MS include unilateral ON and short 
TM [8]. MOGAD is an autoimmune condition character-
ised by the synthesis of IgG antibodies against MOG, a 
glycoprotein found on the outer membrane of the myelin 
sheath in the central nervous system [9].

We present three cases of anti-MOG encephalomyelitis 
initially diagnosed as MS and treated with alemtuzumab 
followed by multiple relapses and worsening disability 
on alemtuzumab. The diagnosis of MOGAD was finally 
established with antibody testing by flow cytometry live 
cell-based assay. These cases highlight that (a) MOGAD 
can be misdiagnosed as MS and, (b) alemtuzumab may 
be ineffective in MOGAD.

Case presentation
Case 1
A Caucasian woman in her early thirties presented with 
numbness of left arm and tongue as well as left-sided pto-
sis followed by another episode of left arm, leg, and trunk 
numbness, urinary frequency, and vertigo five months 
later. Her past medical history included alopecia totalis, 
vitiligo, asthma, and psoriasis. She was diagnosed with 
MS and treated with beta interferon followed by natali-
zumab. Due to poor response, she was subsequently 
treated with two cycles of alemtuzumab 12 months apart.

Unexpectedly, the patient experienced several clinical 
relapses following treatment with alemtuzumab. Four-
teen months after the second cycle of alemtuzumab, 
she experienced dizziness and nausea. The neurological 
examination revealed a convergent eye spasm. She was 
treated with intravenous steroids, with a good response. 
Five months after this initial relapse, she experienced 
another relapse, though this second one was of a milder 
nature, and involved a flare-up of her “dizzy” (vertigi-
nous) symptoms and some nausea. Physical examination 
following the second relapse demonstrated convergent 
eye spasm, and a positive Romberg’s test, and reduced 
reflexes. Her visual acuity was 6/5 bilaterally. The mus-
cle power was 4 + to 5 in all four limbs. Like the first, her 
second relapse was also treated with 5  days of 1  g/day 
intravenous methylprednisolone.

A few weeks later, she experienced further new symp-
toms which were auditory in nature characterised by 
sporadic noises in the left ear which had a “banging” and 
“musical” quality, as well as short and repetitive pieces of 
music playing in her head. She reported that the sounds 
were louder at night and prevented her from sleeping. 

She claimed that the sounds also affected her hearing, 
as they drowned out external noise. Furthermore, the 
patient mentioned having left-sided temporal and occipi-
tal headaches which had been persisting for two months. 
She had also been experiencing reduced sensation to 
the right lower limb for the previous three weeks, how-
ever, there was no motor deficit. She was treated with 
diazepam, although it provided little relief symptomati-
cally. She also visited an ear nose and throat specialist 
who confirmed that there was no local ear problem. In 
response to these new symptoms, she was commenced 
on ocrelizumab and 1000 mg of methylprednisolone was 
administered intravenously for a period of three days 
followed by a gradual tapering dose of oral predniso-
lone. Two weeks after completing her first dose of ocre-
lizumab, she presented with a relapse characterised by 
left eye blepharospasm, left ON, and vision in the left eye 
which had reduced to 6/60. The degree of disc swelling 
was not documented during this encounter. Convergent 
eye spasm was still present, as well as partial sixth nerve 
palsy. Additionally, she demonstrated ataxia and absent 
reflexes in both the arms and legs. Her EDSS deteriorated 
from two to five. Further investigations including MRI 
and anti-MOG antibody testing were carried out due to 
her deteriorating condition.

At the first presentation, the MRI of the brain dem-
onstrated multifocal supra-tentorial T2 hyperintensities 
and one infra-tentorial hyperintensity, whilst her spinal 
imaging showed multiple lesions in the cervical and tho-
racic spinal cord (Fig. 1A, B). Her cerebrospinal fluid was 
not tested by the treating neurologist at that stage.

Twenty months after the second cycle of alemtuzumab, 
further neuroimaging with MRI demonstrated multiple, 
bilateral, supra-tentorial lesions distributed mostly in the 
juxtacortical locations with overlying cortex involvement 
and oedema accompanied by mass effect, highly atypical 
for MS (Fig. 1-C, D, E). There was no contrast enhance-
ment or diffusion restriction. Increased T2 signal and 
enhancement of the left optic nerve consistent with ON 
were also noted.

Due to the radiological brain abnormalities and optic 
neuritis at the last relapse, the possibility of MOGAD was 
considered. The patient experienced a relapse two weeks 
after her first dose of ocrelizumab, and two days after the 
relapse her MOG antibody test was sent off. This deci-
sion to get her tested for MOGAD was made before her 
treatment with IVIG commenced. Her serum anti MOG 
antibody returned positive by a live cell-based assay. Her 
serum aquaporin 4 antibody was negative. As a result of 
this new diagnosis, she was continued on immunosup-
pression therapy with ocrelizumab as well as mycophe-
nolate, and following this, a new MRI brain showed 
significantly improved lesion load (Fig. 1F).
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The patient has ongoing follow-up for her MOGAD. 
Following this severe relapse after alemtuzumab, she 
was treated with five days of intravenous steroids, as 
well as five days of intravenous immunoglobulin (IVIG) 
with dramatic improvement clinically and on MRI scan-
ning. Her vision improved to visual acuity 6/6 bilaterally, 
with this excellent visual recovery consistent with what is 
seen in MOGAD. However, reflexes remained absent in 
both the arms and legs and some ataxia was still present. 
Overall, her condition was much improved. In addition 
to the six-monthly ocrelizumab infusions, she was also 
placed on mycophenolate and high dose oral steroids. 
Her treatment course was complicated by severe left V1 
and V2 herpes zoster which was treated with intravenous 
aciclovir. This settled and she continues on maintenance 
ocrelizumab and mycophenolate. The steroids were 
weaned slowly over 6 months. She remains in remission 
24 months after the last relapse.

Case 2
A Caucasian woman in her mid-twenties was diagnosed 
with MS following an episode of bilateral ON followed 

by recurrent right-sided ON. She had no significant past 
medical history. Following this diagnosis, she was treated 
with beta interferon for two months, but treatment was 
ceased as the patient was experiencing side effects. Five 
months later she experienced a relapse characterised 
by left leg weakness, and a further two months after the 
relapse, an MRI spine demonstrated new demyelinating 
lesions, thus she was put back on beta interferon.

During the following month, the patient had another 
relapse characterised by left leg weakness, and this was 
treated with three days of intravenous methylpredni-
solone. Six months onwards, beta interferon was once 
again stopped due to its side effects. However, within two 
months she had a further relapse which was once again 
characterised by left leg weakness, this was treated with 
intravenous steroids, and in addition, she was once again 
placed on beta interferon. Over the course of the fol-
lowing 10  months, she experienced three more relapses 
which included two episodes of left leg weakness, and 
one episode of right eye ON. Four months later she was 
commenced on fingolimod therapy, however, this was 
discontinued due to side effects such as bradyarrhythmia 

Fig. 1  Serial MRI changes of case 1. A & B MRI brain scan (axial FLAIR sequence) and cervical spine (sagittal T2 sequence) at the time of the 
diagnosis of MS. Note few periventricular brain lesions and ill-defined focal areas of T2 hyperintensity at C4, C5, and C6 levels. C, D, E MRI brain scan 
at the third relapse following Alemtuzumab therapy. Axial, sagittal, and coronal FLAIR sequences are shown here. Note bilateral large supratentorial 
lesions with ill-defined borders, mostly juxtacortical in location, with accompanying oedema. F Axial FLAIR image of the brain following 
mycophenolate therapy. Note the resolution of large juxtacortical lesions seen in C,D,E leaving a few periventricular residual lesions
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and shortness of breath. Over the next three years, the 
patient was not treated with any immunomodulatory 
medications. During this time period, she experienced 
seven relapses which were managed with intravenous 
methylprednisolone.

Subsequently, she began treatment with glatiramer 
acetate, and this was stopped as the patient reported hav-
ing several falls whilst on it and feeling generally unwell 
while on glatiramer acetate. After months of not being on 
any disease-modifying therapy, she was commenced on 
her first round of alemtuzumab. Unexpectedly, within the 
week of receiving alemtuzumab, she experienced another 
relapse and her EDSS score deteriorated from two to six 
with worsening left sided weakness and lost her ability to 
walk. Physical examination post alemtuzumab treatment 
revealed a positive Romberg’s test, right visual acuity of 
6/9 with pinhole correction, left visual acuity of 6/12 with 
pinhole correction, slow horizontal saccades, upper limb 
power of 5/5 bilaterally, and reduced lower limb power of 
3/5 on the left side and 4/5 on the right side in a pyrami-
dal distribution.

She did not receive the second course of alemtu-
zumab. Ten months after the initial course of alemtu-
zumab, she experienced another relapse, thus she was 

switched over to treatment with natalizumab and fam-
pridine. In particular, she was experiencing spasms of 
the left shoulder muscles, and although this had been 
going on for the last six years, it had recently begun to 
affect her quality of life. In response to these symptoms, 
she was injected with 100 units of botulinum toxin into 
her left upper trapezius, rhomboids, and infraspinatus 
muscles. She was also noted to have an unsteady gait. 
However, at this stage, with natalizumab and fampri-
dine, her condition improved, as 6 months after treat-
ment commenced, she demonstrated a visual acuity of 
6/5 bilaterally with correction and lower limb muscle 
power of 4 + /5 on the left side, and 5-/5 on the right 
side.

Ten months into her treatment with natalizumab, the 
patient displayed ongoing worsening of her condition 
characterised by an unsteady gait, poor bladder control, 
bilateral lower limb weakness which was worse on the 
left side, and lower limb spasticity.

MRI brain scan at the first presentation revealed mul-
tiple supratentorial lesions (Fig.  2A, B). When her con-
dition deteriorated following alemtuzumab therapy, the 
MRI scan was repeated. Figure 2C and D show brain MRI 
changes at that stage.

Fig. 2  Serial MRI changes of case 2. A & B Brain scan (axial T2 and sagittal FLAIR sequences respectively) at the time of the diagnosis of MS. Note 
multiple pericallosal lesions consistent with Dawson’s fingers. C & D Brain scan (axial T2 and sagittal FLAIR sequences respectively) six years later 
when Alemtuzumab therapy was commenced. Note changes similar to A & B. E–G Images when MOG antibody test was found to be positive. 
E (brain axial FLAIR), F (sagittal FLAIR), and F (coronal FLAIR) shows multiple pericallosal lesions. H (sagittal T2 spine) shows multiple lesions at 
cervico-medullary junction, C2, C4, C6, and upper thoracic level
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Twenty-one months after the first dose of alemtu-
zumab, the patient’s MOG antibody test returned posi-
tive, and she was diagnosed with MOGAD. Figure 2E, F, 
and G show MRI abnormalities at this stage. Her serum 
aquaporin 4 antibody was negative.

Upon diagnosis of MOGAD, natalizumab and fampri-
dine therapy was ceased and she began treatment with 
rituximab instead. Following her first rituximab infusion, 
the patient noticed a decline in her balance as she had a 
few falls, and she also felt increasingly fatigued. Conse-
quently, she underwent plasma exchange, with an oral 
course of prednisolone (30  mg weaning over 2  months) 
with significant improvement in her condition and abil-
ity to be able to stand and take 100 steps, something that 
she had not been able to do for at least 12 months. At the 
last follow up 7  months after establishing the diagnosis 
of MOGAD, she reported gait deterioration and frequent 
falls. Examination revealed bilateral lower limb weakness 
and hyperreflexia.

Case 3
A Caucasian woman in her late thirties presented with 
optic neuritis in 1998 and subsequently a diagnosis of 
RRMS was established in 1999. The patient entered our 
service in 2013 after she had ceased natalizumab due 
to JC virus antibody positivity. The EDSS score was 
3.0 and she was switched to fingolimod but reported 
feeling unwell with MRI disease activity but no EDSS 
change. She was switched to alemtuzumab and had 
her first full course in May 2015. In August 2015 she 
experienced a severe relapse with resultant EDSS score 
change to 6.5. She recommenced natalizumab in 2016 
and remained on this medication for two years with 
gradual improvement back to EDSS score of 4.0 by May 
2017. Her MRI brain was abnormal, and her MRI cord 

showed multiple small lesions. This is concordant with 
the recently described MOGAD pattern [10, 11]. In July 
2016 she tested positive for MOG antibody.

She was changed to ocrelizumab in late 2017 and 
relapsed severely in early 2018 with EDSS  score 
increased to 6.0 and a further spinal cord relapse with 
an EDSS increase to 7.0 in August 2019. At this time, 
she had a visual acuity of 6/24 in both eyes with no 
disturbance of eye movements. She had a mild action 
tremor in both arms, mild pyramidal-type left-hand 
weakness, left and right pyramidal-type leg weakness 
with 3/5 hip flexion strength bilaterally, severe weak-
ness in left knee flexion 1/5, and right knee flexion 4/5. 
She was then recommenced on natalizumab, mycophe-
nolate and high dose oral prednisolone, which was 
gradually weaned.

At the initial presentation, her MRI demonstrated 
brain lesions and later cord lesions were noted. Her 
cerebrospinal fluid result was not available. Initially, 
there were short segment spinal lesions on the MRI. 
When she experienced a severe relapse three months 
after alemtuzumab therapy, her MRI demonstrated 
a very long cervical cord lesion, five thoracic cord 
lesions, and a moderate brain lesion burden (Fig. 3A, B, 
C, D). Approximately nine months later, a serum sam-
ple showed a positive MOG antibody test. Her serum 
aquaporin 4 antibody was negative. Two months later, 
a repeat MRI brain revealed 2 new lesions, further evi-
dence of the failure of alemtuzumab.

The diagnosis of MOGAD was established 14 months 
following alemtuzumab therapy. Since then, she has been 
followed up for 4 years and treated with natalizumab fol-
lowed by ocrelizumab and more recently mycopheno-
late and oral prednisolone. At the last follow-up, she was 
moderately disabled with an EDSS score of 6.0.

Fig. 3  MRI of case 3 following alemtuzumab and subsequent relapse. A & B Brain imaging (axial and sagittal FLAIR sequences, respectively) with 
periventricular and subcortical lesions. C Cervical cord imaging (sagittal proton density-weighted sequence) with diffuse longitudinally extensive 
hyperintense signal throughout the cervical cord. D Thoracic cord imaging (sagittal proton density-weighted sequence) with multifocal cord lesions
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Discussion and conclusions
We report three cases of MOGAD with similar charac-
teristics as summarised in Table 1. Figure 4 characterises 
the clinical trajectory of all three patients. All are young 
females initially diagnosed with MS and later treated 
with alemtuzumab. Two patients presented with ON and 
demyelinating lesions on MRI brain, whilst the other pre-
sented with TM. Multiple relapses were experienced by 
all three patients while on treatment for MS, including 
alemtuzumab. MOG antibody returned positive after a 
latent period following alemtuzumab therapy in the first 
case. Following the confirmation of MOGAD, all patients 
were treated with ongoing immunosuppression, with 
improvement in clinical status. Additionally, one patient 
was also treated with plasma exchange for which she 
responded well.

What is the likely explanation for the delayed diagno-
sis of MOGAD in these cases? Most likely these patients 
had MOGAD to begin with, but were misdiagnosed as 
MS. The ‘red flags’ in the history and investigations were 
probably not identified early (Table 1).

The large “fluffy” T2 lesions in MRI in case 1 [12, 13] 
are suggestive of MOGAD. In case 2, bilateral and recur-
rent ON should raise the possibility of MOGAD in the 
early stages, even though the initial MRI scan was not 
typical.

The development of novel autoimmune disorders fol-
lowing alemtuzumab therapy has been well reported. The 
most frequently reported condition is autoimmune thy-
roid disorders in approximately 40% of patients treated 
with alemtuzumab [14]. Other autoimmune disorders 
include immune thrombocytopenia and nephropathy [3]. 
The autoimmune diseases usually develop after a latent 
period ranging from months to years after treatment with 
alemtuzumab [3].

MOGAD has the potential to be misdiagnosed as MS 
due to certain overlapping clinical features. However, 
careful evaluation of clinical and radiological features 
should enable the clinician to distinguish between the 
two conditions. Several overlapping clinical features exist 
between the two conditions at onset, such as unilateral 
ON, however, onset with ON is more commonly seen 
in MOGAD than in MS (60–74% versus 15–20%) [8]. In 
MOGAD, optic neuritis is typically bilateral at onset and 
unilateral with relapses [7]. Short TM is reported to be 
an overlapping feature of MS and MOG antibody associ-
ated demyelination [15]. Moreover, both conditions can 
have a relapsing course, but MOGAD also has the poten-
tial to be monophasic, whilst MS also has the potential 
to be progressive [16]. In the Australian MOGAD cohort, 
short TM accounted for a higher proportion of relapses 
than longitudinally extensive transverse myelitis (LETM) 
[7]. In regard to radiological features at the disease 

onset, supratentorial radiological changes are present 
in a minority of MOGAD patients compared with MS, 
and those lesions tend to be atypical [8, 12]. In terms of 
supratentorial MRI lesions, Dawson’s fingers, as well as 
subcortical S-shaped and U-fibre lesions, are uncommon 
in MOGAD [16]. Spinal lesions in MOGAD typically 
extend over three or more vertebral segments [17]. How-
ever, a number of studies have shown that short TM is 
more common than initially thought in MOGAD, which 
can be a source of diagnostic confusion with MS [7, 15]. 
Recent studies have shown that 38% of MOGAD patients 
present with short TM and thoracic spinal cord is signifi-
cantly more frequently involved in longitudinally exten-
sive TM than short TM [10, 15].

Though it is well known that MOGAD is misdiag-
nosed as MS, testing all MS patients for MOG antibody 
is not practical, and likely of low yield given the rarity 
of MOGAD. Expert recommendations on the utility of 
MOG antibody testing have been published [18]. The key 
features that would warrant testing include clinical find-
ings / clinical suspicion, neuroimaging not entirely typi-
cal of MS, and inadequate treatment response to usual 
MS disease modifying therapies [18]. The experts have 
also highlighted diagnostic “red flags” in relation to dis-
ease course, MRI, CSF and serology [18]. For example, 
borderline MOG-IgG and results from fixed cell-based 
assays should be treated with caution if the clinical pic-
ture is atypical.

Cerebrospinal fluid analysis plays a critical role in the 
diagnosis and several features help distinguish MOGAD 
from MS. Intrathecally restricted oligoclonal bands in 
CSF are uncommon (6–28%) in MOGAD [16, 17, 19], 
whereas in relapsing and remitting MS the test is posi-
tive in 95% of patients [16]. Intrathecal humoral response 
to neurotrophic viruses (measles, rubella, varicella zos-
ter) is known as the MRZ reaction. A positive MRZ reac-
tion is highly specific (97%) for MS whereas it is negative 
in > 98% MOGAD and neuromyelitis optica patients [20].

It is interesting to note that patient number 2 had bilat-
eral ON and supratentorial brain lesions on the MRI at 
the onset of her illness. These features raise the possibility 
of MOGAD from the start. However, in case 1, the onset 
symptoms were limb weakness and ON and the MRI 
showed both supratentorial and infratentorial lesions. 
When MOGAD was diagnosed, she had ON and an 
increased number of lesions accompanied by oedema in 
the MRI scan. These features make one wonder whether 
she developed MOGAD later, but we cannot be certain 
with the available data.

Our literature search yielded a similar case report high-
lighting the lack of response to alemtuzumab in MOGAD 
[21]. This report describes a young woman who pre-
sented with myelitis followed by ON. She was diagnosed 



Page 7 of 10Seneviratne et al. BMC Neurology           (2022) 22:84 	

Ta
bl

e 
1 

Su
m

m
ar

y 
of

 c
lin

ic
al

 c
ha

ra
ct

er
is

tic
s, 

in
ve

st
ig

at
io

ns
, a

nd
 ‘r

ed
 fl

ag
s’ 

of
 d

ia
gn

os
is

 in
 a

ll 
th

re
e 

pa
tie

nt
s

Ca
se

 1
Ca

se
 2

Ca
se

 3
Re

d 
fla

gs

Cl
in

ic
al

 c
ha

ra
ct

er
is

tic
s

   
Pr

es
en

tin
g 

ph
en

ot
yp

e
Se

ns
or

y-
le

ft
 a

rm
, t

on
gu

e
Bi

la
te

ra
l o

pt
ic

 n
eu

rit
is

O
pt

ic
 n

eu
rit

is
In

iti
al

 p
re

se
nt

at
io

n 
w

ith
 b

ila
te

ra
l o

pt
ic

 
ne

ur
iti

s 
an

d 
re

la
ps

e 
w

ith
 u

ni
la

te
ra

l o
pt

ic
 

ne
ur

iti
s 

is
 h

ig
hl

y 
su

gg
es

tiv
e 

of
 M

O
G

A
D

Re
la

ps
e 

w
ith

 o
pt

ic
 n

eu
rit

is
 a

nd
 tr

an
sv

er
se

 
m

ye
lit

is
 a

ls
o 

fa
vo

ur
s 

M
O

G
A

D
 ra

th
er

 th
an

 
M

S
A

D
EM

 p
he

no
ty

pe
 is

 m
or

e 
co

m
m

on
 in

 
ch

ild
ho

od
 M

O
G

A
D

   
Re

la
ps

e 
ph

en
ot

yp
e

U
ni

la
te

ra
l o

pt
ic

 n
eu

rit
is

, 
m

ye
lit

is
, b

ra
in

st
em

 
in

vo
lv

em
en

t

U
ni

la
te

ra
l o

pt
ic

 n
eu

rit
is

, t
ra

ns
ve

rs
e 

m
ye

lit
is

Bi
la

te
ra

l o
pt

ic
 n

eu
rit

is
, t

ra
ns

ve
rs

e 
m

ye
lit

is

   
D

is
ea

se
 c

ou
rs

e
Re

la
ps

in
g

Re
la

ps
in

g
Re

la
ps

in
g

   
O

pt
ic

 n
eu

rit
is

U
ni

la
te

ra
l (

re
la

ps
e)

Bi
la

te
ra

l (
on

se
t)

, u
ni

la
te

ra
l (

re
la

ps
e)

Bi
la

te
ra

l

    
A

D
EM

 p
he

no
ty

pe
Ye

s-
 o

n 
re

la
ps

e
N

o
N

o

    
M

ye
lit

is
Ye

s
Ye

s
Ye

s

   
Br

ai
ns

te
m

 in
vo

lv
em

en
t

Ye
s

N
o

N
o

   
Ce

re
be

lla
r i

nv
ol

ve
m

en
t

N
o

N
o

N
o

  R
es

po
ns

e 
to

 s
te

ro
id

s
Re

co
ve

ry
 fr

om
 re

la
ps

e
Re

co
ve

ry
 fr

om
 re

la
ps

e
Re

co
ve

ry
 fr

om
 re

la
ps

e

  A
ss

oc
ia

te
d 

au
to

im
m

un
e 

di
se

as
es

Ye
s

N
o

N
o

M
RI

 b
ra

in
  S

up
ra

te
nt

or
ia

l l
es

io
ns

 a
t o

ns
et

Ye
s

Ye
s

Ye
s

D
aw

so
n’

s 
fin

ge
rs

, U
-fi

br
e 

le
si

on
s, 

an
d 

pe
riv

en
tr

ic
ul

ar
 le

si
on

s 
fa

vo
ur

 M
S

A
D

EM
-t

yp
e 

le
si

on
s 

fa
vo

ur
 M

O
G

A
D

. O
pt

ic
 

ne
rv

e 
in

vo
lv

em
en

t i
s 

pr
e-

ch
ia

sm
at

ic
 

an
d 

lo
ng

itu
di

na
lly

 e
xt

en
si

ve
 in

 M
O

G
A

D
. 

Pe
rin

eu
ra

l a
nd

 p
er

io
rb

ita
l e

nh
an

ce
m

en
t 

fa
vo

ur
s 

M
O

G
A

D
. 1

5%
 o

f M
O

G
A

D
 fu

lfi
ll 

M
cD

on
al

d 
cr

ite
ria

 fo
r M

S

  A
D

EM
-li

ke
 le

si
on

s 
(b

ila
te

ra
l, 

as
ym

‑
m

et
ric

al
)

Ye
s 

(d
ur

in
g 

re
la

ps
e)

N
o

N
o

   
Br

ai
ns

te
m

 le
si

on
s

Ye
s

N
o

N
o

   
D

aw
so

n’
s 

fin
ge

rs
N

o
Ye

s
Ye

s

   
Su

bc
or

tic
al

 U
-fi

br
e 

le
si

on
s

N
o

N
o

N
o

   
≥

 1
 le

si
on

 a
dj

ac
en

t t
o 

la
te

ra
l v

en
tr

ic
le

Ye
s

Ye
s

Ye
s

M
RI

 s
pi

ne
   

Le
ng

th
 o

f l
es

io
ns

Sh
or

t s
eg

m
en

t, 
m

ul
tip

le
Sh

or
t s

eg
m

en
t, 

m
ul

tip
le

Lo
ng

itu
di

na
lly

 e
xt

en
si

ve
, m

ul
tip

le
Lo

ng
itu

di
na

lly
 e

xt
en

si
ve

 c
en

tr
al

 le
si

on
s 

w
ith

 g
re

y 
m

at
te

r i
nv

ol
ve

m
en

t f
av

ou
r 

M
O

G
A

D
   

Lo
ca

tio
n 

of
 le

si
on

s
Ce

rv
ic

al
, t

ho
ra

ci
c

Ce
rv

ic
al

, t
ho

ra
ci

c
Ce

rv
ic

al
, t

ho
ra

ci
c

   
Co

nt
ra

st
 e

nh
an

ce
m

en
t

N
o

N
o

N
o

CS
F    

Pl
eo

cy
to

si
s

N
il

N
ot

 a
va

ila
bl

e
Ly

m
ph

oc
yt

es
 2

X1
06 /L

In
 M

O
G

A
D

, p
le

oc
yt

os
is

 is
 v

ar
ia

bl
e 

& 
in

tr
at

he
ca

l O
C

B 
oc

cu
r i

n 
5–

20
%

 o
f 

pa
tie

nt
s. 

In
 M

S,
 O

C
B 

pr
es

en
t i

n 
95

%
. 

Pl
eo

cy
to

si
s 

us
ua

lly
 a

bs
en

t i
n 

M
S

   
Pr

ot
ei

n
N

or
m

al
N

ot
 a

va
ila

bl
e

0.
66

 g
/L

 (n
or

m
al

 0
.1

5–
0.

45
 g

/L
)

   
O

lig
oc

lo
na

l b
an

ds
 (O

C
B)

N
eg

at
iv

e
N

ot
 a

va
ila

bl
e

Po
si

tiv
e



Page 8 of 10Seneviratne et al. BMC Neurology           (2022) 22:84 

with MS and treated accordingly. Over the next nine 
years, she experienced 17 relapses. She was started on 
alemtuzumab therapy which paralleled with new relapses 
and multiple new brain and spinal lesions. At that stage, 
five serum samples obtained from the onset of the ill-
ness to the current stage were tested for MOG antibody, 
and all serum samples turned out to be positive [21]. 
This is a case of MOGAD misdiagnosed as MS, and it 
has some similarities to our cases. This case report along 
with our cases suggests that alemtuzumab is ineffective 
in MOGAD. Whether alemtuzumab therapy worsens 
MOGAD remains speculative at this stage but may war-
rant further research.

Patients with MOGAD treated with MS disease 
modifying therapies are known to relapse as was found 
in this case series and also reported previously [22]. 
Natalizumab is a monoclonal antibody against the α4β1 
integrin and reduces the entry of CD4+ and CD8+ T lym-
phocytes into the CNS and has been shown to be quite 
effective in the treatment of relapsing remitting MS [23]. 
By virtue of its mechanism of action natalizumab can 
increase total peripheral lymphocyte counts, and it has 
also been shown to increase CD138+  plasma cells and 
immature CD19+CD10+  pre-B cells in the peripheral 
blood of natalizumab-treated patients [24]. Neuromy-
elitis optica spectrum disorder (NMOSD) and MOGAD 
are antibody mediated diseases and with increased 
CD138 + cells one could speculate increasing production 
of pathogenic antibodies, and therefore increased disease 
activity. In our series patients on natalizumab showed 

worsened disease activity and relapses. Others have 
shown similar responses to natalizumab in both NMOSD 
and MOGAD presentations where natalizumab was 
originally used for suspected MS [25]. It is evident from 
our reports above that if a patient with suspected MS on 
natalizumab shows increased disease activity, as well as 
considering anti natalizumab neutralizing antibodies and 
possibility of progressive multifocal leukoencephalopa-
thy (PML), one should also have high vigilance in revis-
iting the original diagnosis and considering NMOSD or 
MOGAD as alternatives.

In regards to anti CD20 antibodies – they have been 
shown to be quite effective in MS [26] and AQP4-IgG-
NMOSD [27, 28]. In MOGAD one large case series of 
112 patients revealed that rituximab treatment led to 
a 37% decline in relapse rate, and after 2  years, 33% of 
patients were predicted to remain relapse-free [29] which 
is less effective than the effect of rituximab in MS and 
AQP4 positive NMOSD. Similarly, in an Australian study 
of 26 adults and 33 children with relapsing MOGAD, 1/7 
patients did not respond to rituximab despite their B cells 
being depleted [7]. In line with this, Ocrelizumab – a 
humanised anti B cell depleting monoclonal antibody has 
been shown to be highly effective in MS [30], but it has 
not been studied in MOGAD. Despite the overlapping 
phenotypes between MS, AQP4 positive NMOSD and 
MOGAD, there appears to be differing pathophysiology 
in these diseases with different responses to B cell deple-
tion – being highly efficacious in the former two, but not 
so in MOGAD.

Fig. 4  Disease trajectory of the patients. This figure illustrates disease onset and relapses up to the diagnosis of myelin oligodendrocyte 
glycoprotein antibody associated disease and beyond in relation to the timeline. Changes in the treatment are also shown along the trajectory. 
ALEM = alemtuzumab; BIF = beta interferon; BLON = bilateral optic neuritis; CIS = clinically isolated syndrome; FAM = fampridine; FIN = 
fingolimod; GLA = glatiramer acetate; IVIG = intravenous immunoglobulin; IVMP = intravenous methyl prednisolone; M = months; MOGAD = 
myelin oligodendrocyte glycoprotein antibody-associated disease; NAT = natalizumab; ON = optic neuritis; PLEX = plasma exchange; R = relapse; 
RITUX = rituximab; W = weeks; Y = years
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Currently, MOGAD is treated with intravenous or 
oral pulsed corticosteroids with a cautious steroid taper. 
While half the patients may be monophasic, the rest 
may relapse and require maintenance immunosuppres-
sion. There is recent data that maintenance IVIG is effi-
cacious in preventing future attacks [22]. Other agents 
that also reduce annualized relapse rate include azathio-
prine, rituximab and mycophenolate mofetil [22]. In a 
case series, Elsbernd and colleagues reported that tocili-
zumab (an IL-6 inhibitor) may be a promising treatment 
option for patients with relapsing MOGD who have not 
responded to other therapies [31]. Tocilizumab was not 
considered in the 3 cases here due to its lack of availabil-
ity at the time of the case presentations.

In conclusion, our cases demonstrate that alemtu-
zumab is ineffective in the management of MOGAD, 
but steroids, plasma exchange and IVIG are helpful. We 
also suggest that those patients diagnosed with MS but 
with atypical clinical features and demonstrating a lack 
of response to alemtuzumab should be tested for MOG 
antibody. These cases also highlight the importance of 
clinical suspicion to enable early diagnosis, particularly 
when patients present with atypical features for MS, such 
as bilateral ON and long spinal lesions.
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