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Abstract
In the era of the COVID-19 pandemic declared in March 2020, widespread vaccination protocols were initiated to mitigate 
the severity and spread of COVID-19. Although COVID-19 vaccines have been generally considered safe, adverse events 
post-vaccination have been reported, including the development of demyelinating disease. We report a rare case of de novo 
aquaporin-4-positive neuromyelitis optica spectrum disorder (NMOSD) in an 80-year-old man following BNT162b SARS-
CoV-2 vaccination to raise the awareness of this possible severe adverse event in an older adult. An 80-year-old South Asian 
man presented 2 days following his second dose of the Pfizer-BioNTech COVID-19 mRNA BNT162b2 vaccine with progres-
sive left-sided leg weakness and numbness resulting in falls. MRI of the spine revealed a longitudinally extensive transverse 
myelitis from T3–T4 to T9–T10. Serum antibody testing revealed positive aquaporin-4 (AQP4) antibodies. He was diagnosed 
with AQP4-positive NMOSD and was treated with high-dose intravenous methylprednisolone and plasma exchange with 
some improvement. He was subsequently treated with mycophenolate mofetil and a slow steroid wean. This case report adds 
to the existing literature and suggests that COVID-19 vaccinations may trigger de novo NMOSD or NMOSD relapses in some 
individuals. Although rare, our patient presented with new-onset NMOSD in his 80 s following COVID-19 vaccination. As 
such, it is relevant to consider AQP4 testing in those presenting with a post-vaccination myelitis, regardless of age. Ongo-
ing vaccine surveillance and research are needed to understand the risk of NMOSD post-COVID-19 vaccinations further.
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Background

In the setting of the COVID-19 pandemic declared in March 
2020, widespread vaccination protocols have been initiated 
to mitigate the severity and limit the spread of the COVID-
19 virus. Although generally recommended, the safety and 
efficacy of COVID-19 vaccines are still under investigation. 
As with other vaccinations, there exists a risk of adverse 
events, including new-onset post-vaccination demyelinating 
disease. Although rare, we report the case of an 80-year-
old man with no previous history of neurological or inflam-
matory disease presenting with longitudinally extensive 

transverse myelitis (LETM), diagnosed as de novo AQP4-
positive NMOSD following BNT162b SARS-CoV-2 vac-
cination. It is plausible that vaccination may have triggered 
disease activity in an individual with underlying suscepti-
bility. While seronegative post-vaccination myelitis is often 
monophasic, a positive aquaporin-4 (AQP4) antibody test 
suggests NMOSD and an increased risk of future relapses, 
and therefore NMOSD is an important consideration in indi-
viduals presenting with post-vaccination myelitis.

Case Presentation

A South Asian man in his early 80 s with no prior history of 
neurological symptoms presented to our hospital with falls 
within days of receiving his second COVID-19 vaccine. He 
was previously independent with no baseline disability. He 
received the first dose of the COVID-19 mRNA BNT162b2 
vaccine in the spring of 2021 without any complications and 
then received the second dose in the early summer of 2021. 
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Within 2 days of receiving his second dose, he started falling 
and noticed gait instability, difficulty voiding urine, progres-
sive left-sided leg weakness, and numbness. He presented 
to our hospital after the weakness and numbness worsened, 
leading to multiple falls. On examination, he was afebrile 
and vitally stable. The cranial nerve exam was normal. Tone 
was normal in all four limbs. Upper extremity power was 
full. There was bilateral leg weakness in a pyramidal dis-
tribution, worse on the left (4-/5) than the right (4/5). His 
reflexes were 2 + and symmetric. Plantar responses were 
extensor bilaterally. Sensation to pinprick, light touch, and 
temperature was reduced in the left leg with a sensory level 
at T10 on the same side. Vibration sensation was reduced to 
the knee on the right and to the hip on the left. He was found 
to be in urinary retention requiring catheterization.

An MRI of the spine demonstrated a peripherally enhanc-
ing longitudinally extensive intramedullary lesion extend-
ing from T3–T4 down to T9–T10. Smaller, more chronic-
appearing non-enhancing dorsal cord lesions were noted at 
C4–C5 and T1 (Fig. 1). An MRI of the brain did not show 
any evidence of intracranial demyelination. Serum aqua-
porin-4 (AQP4) antibodies and myelin oligodendrocyte 
glycoprotein (MOG) antibodies were both positive. C-reac-
tive protein was mildly elevated at 10.9 mg/L. Serological 
screening for rheumatological and infectious diseases was 
unremarkable. Cerebrospinal fluid (CSF) analysis revealed a 
white blood cell count of 39 with 93% lymphocytes. Protein, 
glucose, cytology, and infectious studies were unremarkable. 
The oligoclonal band assay was negative for CSF-specific 
bands. Computer tomography (CT) of the chest, abdomen, 
and pelvis did not demonstrate any evidence of an underly-
ing malignancy or infection.

In light of the above investigations, he was diagnosed with 
seropositive NMOSD and was treated accordingly with a 3-day 
course of high-dose (1 g) intravenous methylprednisolone. He 
experienced a mild improvement in his urinary dysfunction and 

left leg weakness. He then underwent five sessions of plasma 
exchange (PLEX). His lower extremity power improved to 
5/5 on the right and 4 + /5 on the left following PLEX. He 
was maintained on prednisone 40 mg daily and started on 
mycophenolate mofetil with a slow steroid wean.

Repeat antibody testing after 2 weeks and prior to PLEX 
revealed that AQP4 antibodies remained positive, but MOG 
antibodies were negative. Cell-based MOG testing was not done, 
and, in retrospect, the initial positive MOG antibodies were felt 
to be falsely positive. On the 3-month follow-up visit, he denied 
any new symptoms and reported further improvement.

Discussion and Conclusions

This case illustrates AQP4 antibody-positive NMOSD 
in an 80-year-old man following his second dose of the 
Pfizer-BioNTech COVID-19 mRNA BNT162b2 vaccine. 
Brighton collaboration criteria supported a vaccine-related 
myelitis diagnosis (Level 2) [1]. A diagnosis of NMOSD 
was made based on the 2015 International Panel for Neuro-
myelitis Optica (NMO) Diagnosis criteria [2]. NMOSD is 
an antibody-mediated disease of the central nervous system. 
Although the average age of NMOSD onset is in the 3–4th 
decades, cases have been described in older individuals [3, 
4]. An older age at onset is associated with earlier death due 
to myelitis and infection and in contrast to multiple sclero-
sis, relapse activity in NMOSD does not decrease with age 
[3, 4]. Typical presentations of NMOSD include attacks of 
severe unilateral, bilateral, or rapidly sequential optic neu-
ritis and transverse myelitis, which generally involve three 
or more vertebral segments on MRI (termed longitudinally 
extensive transverse myelitis or LETM). In addition, other 
areas of the central nervous system (CNS) can also be 
affected, resulting in area postrema, other brainstem, dien-
cephalic, or cerebral presentations in some patients [2].

Fig. 1  MRI of longitudinal spi-
nal cord lesions: T2-weighted 
sagittal view of the cervical 
and upper thoracic cord show-
ing a longitudinally extensive 
cord signal abnormality (A, 
red arrows), predominantly 
involving the central aspect 
(B, red arrowhead) of the cord 
from T3–T4 down to T9–T10. 
T1-weighted sagittal view with 
gadolinium showing a periph-
eral enhancement pattern (C, 
green arrows). 338 × 160 mm 
(125 × 125 DPI)
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Factors responsible for triggering CNS inflammatory 
diseases, including NMOSD, are not well understood, but 
evidence suggests immunizations may be implicated in some 
cases. In a study by Karussis and Petrou [5], vaccinations 
were estimated to carry an overall risk of 0.1% in triggering 
central nervous system (CNS) inflammatory diseases. The most 
common post-vaccination CNS syndromes in this study were 
acute optic neuritis and transverse myelitis. NMOSD, acute 
disseminated encephalomyelitis (ADEM), and encephalitis with 
white matter involvement were also reported [5]. Vaccinations 
that have been associated with NMOSD onset and/or relapses 
include influenza, tetanus and diphtheria, tetanus, diphtheria, 
and pertussis, human papillomavirus, pneumococcal, hepatitis 
A, hepatitis B, typhoid, yellow fever, and Japanese encephalitis 
vaccines [6]. Interestingly, the risk of an NMOSD relapse after 
vaccination seems to be most clearly observed in patients who 
are not on preventative immunotherapy [7].

The pathophysiology of vaccine-triggered CNS disease 
remains incompletely understood, but some studies suggest 
post-vaccination demyelination is most likely triggering 
clinical disease expression in individuals who already have an 
underlying disease process [8]. Evidence suggests that AQP4 
antibodies may be detected long before clinical NMOSD onset, 
suggesting AQP4 antibody carriers can be asymptomatic for 
extended periods of time [9]. Theoretically, these individuals 
may be particularly susceptible to developing clinical 
symptoms when faced with a possible trigger.

In the era of the COVID-19 pandemic with increasing 
vaccination rates worldwide, vaccine safety remains at the 
forefront of discussion. Neurological symptoms which have 
been reported in the Centers for Disease Control Vaccine 
Adverse Event Reporting System include dizziness, headache, 
pain, muscle spasms, myalgia, and paresthesias as well as rare 
cases of tremor, diplopia, tinnitus, dysphonia, seizures, and 
reactivation of herpes zoster. There are also rare cases of stroke, 
Guillain–Barre syndrome, facial palsy, transverse myelitis, 
and acute disseminated encephalomyelitis [10]. With regards 
to NMOSD, there is very limited data linking COVID-19 
vaccinations with disease onset. A case report from Fujikawa 
and colleagues [11] describes a 46-year-old woman presenting 
with LETM involving C6–T2 without enhancement diagnosed 
10 days following the SARS-CoV-2 mRNA-1273 (Moderna) 
vaccine. In contrast to our case, serum AQP4 antibodies 
were negative. Another case report described a middle-aged 
woman who developed mild fever, diarrhea, and area postrema 
syndrome 3 days after her first dose of an “inactivated virus 
vaccine.” MRI brain demonstrated area postrema and bilateral 
hypothalamus lesions without gadolinium enhancement. Serum 
testing was positive for AQP4, antinuclear, SSA, SSB, Ro-52, 
and p-ANCA antibodies. The patient was diagnosed as AQP4-
positive NMOSD with coexisting systemic autoimmunity [12].

Overall, the risk of CNS disease post-vaccination 
remains lower than rates following infections against which 

the vaccines are aimed to protect. Additionally, current 
epidemiological data suggests the benefits of vaccinations 
both at an individual and population level prevail over potential 
risks of CNS complications [5, 10]. We present the case of 
an 80-year-old man with no previous history of neurological 
or inflammatory disease presenting with LETM secondary to 
de novo AQP4-positive NMOSD following BNT162b SARS-
CoV-2 vaccination. Although we cannot prove causality, it is 
plausible that vaccination may have triggered disease activity 
in an individual with underlying susceptibility. Thus, we 
believe that people with presumed post-vaccine myelitis should 
be tested for AQP4 antibodies even in older patients and, if the 
diagnostic criteria are met [2], managed like other patients with 
NMOSD to decrease the likelihood of relapses.

Abbreviations AQP4:  Aquaporin-4; CNS:  Central nervous 
system; CSF:  Cerebrospinal fluid; CT:  Computer tomography; 
LETM: Longitudinally extensive transverse myelitis; MOG: Myelin 
oligodendrocyte glycoprotein; NMOSD:  Neuromyelitis optica 
spectrum disorder; PLEX: Plasma exchange
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