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Stimulation of the immune response after vaccination can occasionally result in adverse effects, includ-
ing demyelination of the central nervous system. The most common presentation of postvaccination 
demyelination is acute disseminated encephalomyelitis, but cases of optic neuritis, transverse myelitis, 
and multiple sclerosis relapses have been reported. More recently, an increasing number of postvaccina-
tion neuromyelitis optica spectrum disorder (NMOSD) cases have surfaced in the literature, especially 
in patients with aquaporin-4 antibodies. In this article, we report an unusual case of myelin oligoden-
drocyte glycoprotein antibody–related NMOSD after the receipt of multiple vaccines in a first-trimester 
pregnant woman from Africa. We review the reported cases of postvaccination demyelination in the past 
decade, with a focus on the relationship between NMOSD and vaccination in patients with aquaporin-4 
or myelin oligodendrocyte glycoprotein antibodies. Finally, we discuss the clinical relevance of the pres-
ent case and similar reported cases as it relates to patient care in the neuroimmunology clinic and identify 
potential areas for future research. Int J MS Care. 2020;22:85-90.

A cute disseminated encephalomyelitis is 
the most common form of postvaccina-
tion demyelination, however, an increasing 

number of neuromyelitis optica spectrum disorders 
(NMOSDs) have recently been reported with certain vac-
cines. Most of these cases were positive for aquaporin-4 
(AQP-4) antibody. In this article, we report on a patient 

who developed myelin oligodendrocyte glycoprotein 
(MOG) antibody–related NMOSD after receiving sev-
eral vaccines. We review reported cases of postvaccina-
tion demyelination over the past decade and discuss the 
clinical implications of the present case and similar cases 
in view of the recent advances in demyelinating antibody 
testing.

CASE REPORT
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There were no abnormal findings on T1-weighted 
images. No MRI of the thoracic and lumbar spine was 
performed.

Normal blood test results included antinuclear anti-
bodies, anti-SSA and B, human immunodeficiency virus 
screen, immunoglobulin (Ig) levels, immunodeficiency 
profile, vitamin B12, copper, tuberculosis (QuantiFER-
ON-TB Gold; Qiagen Inc, Germantown, MD), human 
T-cell lymphoma virus types 1 and 2, rubella IgM, and 
varicella-zoster virus polymerase chain reaction (PCR). 
Stool study findings were negative for ova and parasites, 
Clostridium difficile, and bacterial PCR panel. Results 
of nasopharyngeal studies were negative for influenza A 
and B PCR and respiratory syncytial virus PCR. Cere-
brospinal fluid (CSF) analysis showed a red blood cell 
count of 2/µL, mixed pleocytosis (204 cells/µL, 35% 
lymphocytes, 35% neutrophils, and 30% monocytes), 
mild hyperproteinemia (protein level, 79 mg/dL), nor-
mal glucose level, normal IgG index and synthesis rate, 
and negative oligoclonal bands. The CSF viral PCR was 
negative for herpes simplex virus types 1 and 2, varicella-
zoster virus, cytomegalovirus, Epstein-Barr virus, human 
herpesvirus 6, West Nile virus, and adenovirus. Results 
of extensive bacterial and fungal studies were likewise 
negative, and findings from cytologic testing were 
normal.

The differential diagnosis included postvaccination 
acute disseminated encephalomyelitis (ADEM)–like 
multifocal demyelination and NMOSD. The patient 
was treated with five cycles of plasma exchange followed 
immediately by 2 days of intravenous immunoglobulin 

Case Description
A 37-year-old woman originally from Ghana, Africa, 

and living in North America since 2015 with a remote 
history of ectopic pregnancy presented in the spring 
with viral prodromal symptoms 3 weeks after receiv-
ing the tetanus vaccine and 2 weeks after receiving the 
measles, mumps, and rubella and the varicella vaccines. 
She previously had the measles, mumps, and rubella 
vaccine as a child in Ghana without any known postvac-
cination adverse events. She had recently been visited by 
family from Ghana, including a relative with an upper 
respiratory tract infection. She was originally thought to 
have sinusitis, but she presented again 3 days later with 
new-onset bladder and bowel retention. She was found 
to be 5 weeks pregnant and was thought to have con-
comitant urinary tract infection and was discharged on 
nitrofurantoin. She finally presented to our institution 3 
days later with bilateral lower extremity weakness/numb-
ness, severe bilateral upper extremity tremor, vertigo, 
and intractable vomiting. On examination, she exhibited 
high-frequency irregular bilateral upper extremity tremor 
more severe on the left present at rest, posture, and with 
action resembling Holmes tremor but smaller in ampli-
tude and without a significant proximal component 
(Video S1, which is published in the online version of 
this article at ijmsc.org). The patient provided informed 
consent for video recording and for publication of this 
case report.

Magnetic resonance imaging (MRI) of the brain 
(done without contrast due to her pregnancy) showed 
abnormal increased T2-weighted and fluid-attenuated 
inversion recovery sig-
nal involving the cortex, 
subcortical white matter, 
bilateral thalami, and 
brainstem (Figure 1). 
There were no abnormal 
findings on T1- or diffu-
sion-weighted images.

Noncontrast MRI of 
the cervical spine showed 
vague  long i tud ina l l y 
extensive hyperintense 
signal on T2-weighted 
and short-T1 inversion 
recovery images overlying 
the upper cervical cord 
extending to the medulla. 

Figure 1. Axial fluid-attenuated inversion recovery magnetic resonance 
images (MRIs) of brain and sagittal T2-weighted MRI of cervical spine 
before treatment 
Brain MRI shows multifocal large hyperintense lesions involving cortex and subcortical white 
matter (A), thalami (B), and pons (C) and cervical spine MRI shows a vague longitudinally 
extensive hyperintense lesion extending from the cervicomedullary junction (continuous with 
medullary/pontine lesion) to C7 level (D). Arrows point to the abnormal signals in the brain and 
cervical spinal cord.
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rence and probable postvaccination monophasic disease.5 
Visual evoked potentials and optical coherence tomogra-
phy were not ordered given the absence of visual symp-
toms and the low likelihood of multiple sclerosis (MS) 
and recurrent NMOSD in view of transient MOG-IgG 
positivity.

Review Methods
To obtain current and relevant data, including 

detailed clinical information for each case, we searched 
the PubMed database from January 2008 through 
December 2018 for full-text case reports and case series 
in English. We queried the terms vaccination, measles 
mumps rubella/MMR, hepatitis B, influenza, human 
papillomavirus/HPV, with central demyelination, optic 
neuritis, transverse myelitis, neuromyelitis optica, NMO, 
NMOSD, MOG, acute disseminated encephalomyelitis/
ADEM, encephalitis, and multiple sclerosis. The initial 
search yielded 169 results. Based on the criteria men-
tioned previously herein, we excluded 94 results (three 
were review articles or articles studying large populations 
without detailed clinical information on each individual 
case, and 91 articles were focused on peripheral rather 
than central demyelination or on basic science). The 
remaining 75 articles were filtered for repeats. Of the 
articles then left, we had 58 articles featuring 72 unre-
peated cases to examine.

Literature Review
The possible relationship between vaccination and 

demyelinating diseases, including MS, has been fre-
quently cited in the literature. It is important to note, 
and is beyond the scope of this article, that there is no 
clear evidence for a causal link between vaccination 
and development/relapse of MS, only a temporal asso-

ciation. The influenza and 
human papillomavirus 
vaccines are among the 
most commonly reported 
vaccinations linked to 
central nervous system 
demyelination.6,7 The 
incidence of postvaccina-
tion central demyelination 
is low: approximately 0.1 
to 0.2 per 100,000 vac-
cinated individuals even-
tually show signs of and 
are diagnosed as having 

(IVIG), 1 g/kg per day, with subsequent initial improve-
ment of tremor and leg weakness followed by resolu-
tion of vertigo, vomiting, and sphincteric dysfunction. 
Corticosteroids were not used to avoid their potential 
teratogenic effect in the first trimester and to avoid 
premature rupture of membranes.1,2 Treatment with 
plasma exchange was favored given its superior efficacy 
in NMOSD,3 and IVIG was added given the potential 
value in postvaccination demyelination.4 Repeated MRI 
after treatment showed complete resolution of the cervi-
cal lesion and near resolution of the brain abnormalities 
(Figure 2).

The patient developed vaginal bleeding associated 
with reduction in beta human chorionic gonadotropin 
during her hospital admission, and at approximately 6 
weeks of gestation she was determined to have a fail-
ing early pregnancy. No fetal testing was completed, 
and the exact cause of the miscarriage is unknown but 
was thought to be likely spontaneous in nature due to 
advanced maternal age and possible ectopic pregnancy. 
Intrauterine pregnancy was never confirmed because 
four repeated obstetric ultrasounds during admission 
did not demonstrate an intrauterine fetal sac and instead 
showed multiple fibromas in the uterus.

Serum AQP-4 IgG results by cell-based assay were 
negative, but serum MOG IgG values were elevated at 
a titer of 1:20, supporting the diagnosis of anti-MOG 
NMOSD or ADEM-like disease (but without encepha-
lopathy). The patient was completely back to baseline 
with normal neurologic examination findings when she 
was seen in follow-up 3 months after discharge (Video 
S2). Repeated MOG IgG values 6 months after presen-
tation were negative, supporting low likelihood of recur-

Figure 2. Axial fluid-attenuated inversion recovery magnetic resonance 
images (MRIs) of brain (A-C) and sagittal T2-weighted MRI of cervical spine 
(D) after treatment 
After treatment (47 days after initial MRI), MRIs show resolution of abnormal signals.
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itive), two with new relapsing MS, one with recurrent 
optic neuritis, and one with optic neuritis followed by 
ADEM 2 months later. In total there were five patients 
with MS in the reviewed papers: three with preexisting 
clinically isolated syndrome who met the criteria for MS 
after a postvaccination second relapse and two whose 
first relapse started after the vaccine then went on to 
develop MS later based on clinical or radiologic criteria. 
Interestingly, there were more postvaccination NMOSD 
cases than MS cases: nine patients, including four whose 
first relapse started after vaccination then went on to 
develop de novo AQP-4–positive disease (one of the 
four patients did not have documented relapses but test-

ADEM or ADEM-like conditions, so clearly the benefit 
of preventing serious infections and infection-triggered 
autoimmune attacks outweighs the risk of the rare post-
vaccination events.8

There have been several reports raising concerns 
that vaccines may trigger demyelinating events or cause 
or exacerbate MS.9 The pathophysiology behind this 
potential connection is not fully known, but several 
theories have been proposed. One theory suggests that 
molecular mimicry (cross-reaction between vaccine 
antigens and myelin proteins) could trigger autoimmune 
demyelination.10 Another theory proposes that because 
upper respiratory tract and other infections are known 
risk factors for MS relapses, vaccines could heighten the 
risk of central nervous system demyelination through 
a similar mechanism induced by infection.11 Some of 
the specific mechanisms involved in the pathogenesis 
include expansion and stimulation of autoreactive T-cell 
clones, enhanced antigen presentation, and epitope 
spreading.11 Vaccinations can also trigger peripheral 
demyelination and other autoimmune neurologic condi-
tions, such as chronic inflammatory demyelinating poly-
neuropathy and myopathies, and exacerbate preexisting 
conditions such as myasthenia gravis.12,13

There have been several case reports in the literature 
depicting a temporal relationship between vaccination 
and central demyelination. Table S1 presents complete 
clinical data for patients from these case reports in the 
past 10 years (2008-2018) regarding their demographic 
features, imaging findings, CSF results, treatment, and 
prognosis. See the list under Table S1 for full citations of 
these case reports.

There were 58 studies encompassing 72 patients. See 
Table 1 for a clinical summary of the reported cases. 
Some patients received more than one vaccine before the 
demyelinating event, and some patients displayed mul-
tiple demyelinating syndromes. The mean time to event 
after vaccination was 25.8 days. The overall prognosis 
was excellent, including spontaneous improvement in 
seven patients without treatment and partial or complete 
response to corticosteroids in most of the remaining 
patients.

Ten patients (13.9%) had clinical or radiologic recur-
rence spontaneously or after repeated exposure to the 
vaccine or tapering of the corticosteroids. Of the patients 
with recurrent disease, three were eventually diagnosed 
as having new NMOSD with AQP-4, three with multi-
phasic ADEM or ADEM flare (one was anti-MOG pos-

Table 1. Clinical summary of all 72 reported cases 
of postvaccination demyelination, 2008-2018

Clinical data
Patients,
No. (%)

Vaccine type
    Influenza
    HPV
    DTAP/TDAP
    MMR
    Hepatitis B
    Yellow fever
    Hepatitis A
    Meningococcal
    Japanese encephalitis
    Varicella-zoster
    Oral polio
    Rabies
    Typhoid
    Pneumococcal

29 (40.3)
20 (27.8)

4 (5.5)
4 (5.5)
3 (4.2)
3 (4.2)
2 (2.8)
2 (2.8)
2 (2.8)
2 (2.8)
1 (1.4)
1 (1.4)
1 (1.4)
1 (1.4)

Clinical presentation
    ADEM
    Optic neuritis
    Transverse myelitis
    NMOSD
    Other CIS
    MS relapse

32 (44.4)
19 (26.4)
10 (13.9)

9 (12.5)
4 (5.5)
3 (4.2)

Treatment
    Corticosteroids alone
    Corticosteroids + IVIG
    No treatment
    Corticosteroids + PLEX
    Corticosteroids + rituximab
    Corticosteroids + PLEX + rituximab

48 (66.7)
8 (11.1)
7 (9.7)
6 (8.3)
2 (2.8)
1 (1.4)

Prognosis
    Any improvement
    Complete resolution
    No improvement or unknown outcome

65 (90.3)
33 (45.8)

5 (6.9)

Abbreviations: ADEM, acute disseminated encephalomyelitis; CIS, 
clinically isolated syndrome; DTAP/TDAP, diphtheria, tetanus, 
and pertussis; HPV, human papillomavirus; IVIG, intravenous 
immunoglobulin; MMR, measles, mumps, and rubella; MS, multiple 
sclerosis; NMOSD, neuromyelitis optica spectrum disorder; PLEX, 
plasma exchange.
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recurrent suggested that vaccination might result in 
unmasking of a predetermined disease, but the present 
case shows that NMOSD-like disorder after vaccination 
can be associated with a monophasic course and tran-
sient anti-MOG positivity. Mealy and colleagues17 stud-
ied the link between vaccination and NMOSD relapses 
in a multicenter retrospective study of primarily AQP-4–
positive patients (11% seronegative, no MOG-positive 
cases). They found that patients with NMOSD who 
were not maintained on immunosuppressive therapy 
were more likely to relapse within 3 months of vaccina-
tion, whereas patients receiving long-term immunosup-
pression were protected against postvaccine relapses. 
Indeed, patients on immunosuppressive therapy who 
received routine vaccination had lower relapse rates than 
those who did not receive vaccination, likely second-
ary to reduction in infection-related relapses. This led 
the authors to suggest that vaccination with inactivated 
vaccines in patients with NMOSD who are receiving 
immunosuppressive therapy should be encouraged. The 
use of live attenuated vaccines in immunosuppressed 
patients is not safe and should generally be avoided.18 
Patients with untreated NMOSD should consider 
starting immunosuppressive therapy before receiving 
killed or inactivated vaccines to reduce the likelihood of 
postvaccination relapses.17 Note, however, that patients 
receiving immunosuppressive therapy may not mount 
an immune response against inactivated vaccines.19 The 
value of vaccination in treated patients with anti-MOG 
NMOSD could be inferred based on the reviewed case 
reports and the studies in AQP-4–positive patients. This 

ed positive for AQP-4 antibody), four with monophasic 
opticospinal attack with negative or unknown AQP-4, 
and one with preexisting NMOSD with AQP-4 who 
relapsed after pneumococcal vaccination.

Discussion
There are several interesting clinical aspects to the 

present case. In this patient, pregnancy state might have 
contributed to disease onset because pregnancy is known 
to trigger NMOSD relapses, especially in anti-MOG–
positive patients.14,15 The combination of pregnancy 
and recent vaccination likely resulted in a heightened 
immune state culminating in an autoimmune attack on 
the central nervous system possibly facilitated by under-
lying predisposition to autoimmunity. The fact that the 
patient was an immigrant from Africa necessitated more 
extensive infectious evaluation, especially in view of the 
high CSF cellularity. Presentation with Holmes-like 
tremor secondary to MOG-related brainstem encepha-
litis has not been reported previously, although a patient 
with nonspecific tremor type has been reported by 
Ramanathan and colleagues.16 This adds to the growing 
literature of autoimmune movement disorders. Most 
previous anti-MOG patients and patients with postvac-
cination demyelination were treated with corticosteroids 
with or without additional rescue therapy. The patient 
responded fully to plasma exchange and IVIG without 
corticosteroids, indicating that alternative rescue therapy 
is feasible in postvaccination demyelination if corticoste-
roids are contraindicated or not tolerated. It is unclear 
whether the hormonal changes related to miscarriage 
have influenced the relapse outcome or contributed to 
the dramatic improvement seen in this patient.

In addition to the single pediatric patient with anti-
MOG multiphasic ADEM included in the literature 
review, two additional adults with vaccine-related 
anti-MOG NMOSD were described by Jairus and col-
leagues15 in their anti-MOG case series. Both patients 
had their first attack shortly after vaccination and then 
went on to develop recurrent disease, including recur-
rent transverse myelitis, optic neuritis, and brainstem 
encephalitis. One of the two patients had an excellent 
response to intravenous methylprednisolone and plasma 
exchange, and the other had only a partial response 
despite additional treatment with rituximab and cyclo-
phosphamide. Both patients had received the tetanus, 
diphtheria, and pertussis vaccine, but one had also 
received the influenza and polio vaccines. The fact that 
all previous postvaccination MOG-positive cases were 

PRACTICE POINTS
•	There have been frequent instances recorded in 

which vaccination was followed by monophasic 
demyelinating events or unmasking of a chronic 
relapsing disease.

•	Neuromyel i t i s  opt ica spect rum disorder 
(NMOSD) attacks have been repor ted to 
occur in the setting of pregnancy and after 
vaccinations.

•	Bo th  aquapor in -4–pos i t i ve  and  mye l i n 
oligodendrocyte glycoprotein–positive cases 
have been reported after vaccination.

•	Patients with NMOSD receiving immuno
suppressive therapy may be protected against 
vaccine-related relapses.
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15.	Jarius S, Ruprecht K, Kleiter I, et al. MOG-IgG in NMO and related 
disorders: a multicenter study of 50 patients, part 2: epidemiol-
ogy, clinical presentation, radiological and laboratory features, treat-
ment responses, and long-term outcome. J Neuroinflammation. 
2016;13:280.

16.	Ramanathan S, Mohammad S, Tantsis E, et al. Clinical course, thera-
peutic responses and outcomes in relapsing MOG antibody-associated 
demyelination. J Neurol Neurosurg Psychiatry. 2018;89:127-137.

17.	Mealy MA, Cook LJ, Pache F, et al. Vaccines and the association with 
relapses in patients with neuromyelitis optica spectrum disorder. Mult 
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is opposite to MS, in which the link between relapses 
and vaccination is thought to be less strong according to 
a recent review.20 An update of the American Academy 
of Neurology guidelines on immunization in patients 
with MS has recently been published.21 In conclusion, 
untreated patients with anti-MOG NMOSD, similar 
to AQP-4–positive patients, may be at increased risk 
of relapse after vaccination based on a few case reports. 
Systematic research is needed to confirm these prelimi-
nary findings and to explore the value of vaccination in 
treated patients.

One limitation of this study is only case reports 
and case series being included. The reason for this was 
that we wanted to break down specific factors in each 
case (demographic characteristics, timing of vaccina-
tion from first dose and last dose before symptoms, the 
specific clinical syndrome, imaging and CSF findings, 
prognosis, treatment, etc), and we would not have had 
all this detailed information available for each individual 
in population-based studies. Another limitation is that 
there are several articles that we did not include in the 
review because of lack of complete clinical information 
or overlapping cases. We believe that, despite this, the 
review provides relevant clinical data and the case reports 
we examined were representative of the wide spectrum 
of postvaccination demyelination. o
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Understanding patient values is crucial to shared 
decision making (SDM).1 Shared decision 
making is essential for high-stakes decisions 

about multiple sclerosis (MS) when choosing the best 
treatment depends on how a patient values the risks 
and benefits of their options.2 The essential elements 

of SDM include informing patients when they face a 
decision, ensuring that patients understand their con-
dition and their options, eliciting patients’ values and 
preferences, and helping them apply their values to the 
decision.3 However, eliciting patient values is challeng-
ing and time-consuming, and there is no consensus on 
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Background: We developed a preference assessment tool to help assess patient goals, values, and preferences 
for multiple sclerosis (MS) management. All preference items in the tool were generated by people with MS. 
The aim of this study was to evaluate this tool in a national sample of people with MS.

Methods: English-speaking patients with MS aged 21 to 75 years with access to the internet were recruited. 
Participants completed the preference tool online, which included separate modules assessing three core 
preference areas: treatment goals, preferences for attributes of disease-modifying therapies, and factors 
influencing a change in treatment. The tool generated a summary of participants’ treatment goals and 
preferences. Immediately after viewing the summary, participants were asked to evaluate the tool. Rank-
ings of preference domains were compared with rankings obtained in another study. 

Results: In 135 people with MS who completed the tool and evaluation, the highest ranked goal was brain 
health (memory, thinking, brain), followed by disability concerns (walking, strength, vision). Rankings 
were highly similar to those in the referent study. Nearly all participants reported that the tool helped them 
understand their goals and priorities regarding MS and that the summary appropriately reflected what is 
important to them. Most participants (87%) wanted to discuss their treatment goals and priorities with 
their clinician. 

Conclusions: This preference assessment tool successfully captured patients’ goals, values, and preferences 
for MS treatment and could potentially be used to help patients communicate their preferences to their cli-
nician. Int J MS Care. 2018;20:260-267.
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CORRECTION 
In the article “Benefi ts of Adhering to the Canadian Physical Activity Guidelines for Adults with Multiple Sclerosis Beyond Aerobic 
Fitness and Strength” (Karissa L. Canning and Audrey L. Hicks; Volume 22, Number 1, pages 15-21; DOI: 10.7224/1537-2073.2018-
061), the color labels in Figure 1B were presented incorrectly. Instead of orange for adherers and blue for nonadherers, it should have 
been blue for adherers and orange for nonadherers. Also, although Figure 2A makes sense as originally published, for consistency blue 
should have been used for adherers and orange for nonadherers. These fi gures will be updated in the online versions of the article.   


