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Abstract

Background: Since the beginning of the COVID-19 pandemic and development of new vaccines, the issue of
post-vaccination exacerbation or manifestation of demyelinating central nervous system (CNS) disorders has gained
increasing attention.

Case presentation: \We present a case of a 68-year-old woman previously diagnosed with multiple sclerosis (MS)
since the 1980s who suffered a rapidly progressive severe sensorimotor paraparesis with loss of bladder and bowel
control due to an acute longitudinal extensive transverse myelitis (LETM) after immunization with the mRNA Pfizer—
BioNTech COVID-19 vaccine. Detection of Aquaporin-4-antibodies (AQP4) in both serum and CSF led to diagnosis of
AQP4-antibody positive neuromyelitis optica spectrum disorder (NMOSD). Treatment with intravenous corticosteroids
and plasmapheresis led to a slight improvement of the patient’s symptoms.

Conclusions: Pathogenic mechanisms of post-vaccination occurrence of NMOSD are still unknown. However, cases
like this should make aware of rare neurological disorders manifesting after vaccination and potentially contribute
to improvement of management of vaccinating patients with inflammatory CNS disorders in the future. So far two
cases of AQP4-antibody positive NMOSD have been reported in association with viral vector COVID-19 vaccines.

To our knowledge, we report the first case of AQP4-antibody positive NMOSD after immunization with an mRNA
COVID-19-vaccine.
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Background fully understood and assumption of causality between
Post-vaccination exacerbation or manifestation of inflam-  vaccination and disease exacerbation is still controversial
matory central nervous system (CNS) disorders is a rare  [2].

phenomenon that has been reported in association with Since the beginning of vaccination against severe acute
few types of vaccinations (e.g. vaccination against human  respiratory syndrome coronavirus 2 (SARS-CoV-2) in
papilloma virus (HPV), influenza, tetanus) [1]. However the global COVID-19 pandemic, few cases of adverse
potentially underlying mechanisms have not yet been events associated with occurrence or deterioration of
demyelinating CNS diseases such as multiple sclero-
sis (MS) have been published [3]. Regarding neuromy-
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positive NMOSD after COVID-19 vaccination have been
reported so far, one after application of the Oxford—
AstraZeneca COVID-19 vaccine (AZD1222) and another
case after vaccination with the Sputnik V COVID-19 vac-
cine (Gam-COVID-Vac), both viral vector vaccines [4,
5]. Furthermore, one case of occurrence of longitudinal
extensive transverse myelitis (LETM) after the mRNA
Moderna COVID-19 vaccine (mRNA-1273) has been
reported, however due to absence of AQP4-antibodies
and other diagnostic criteria, this patient does not fulfil
NMOSD diagnostic criteria [6, 7].

Herein, we present a case of AQP4-antibody positive
NMOSD presenting as severe LETM following first vac-
cination with the mRNA Pfizer-BioNTech COVID-19
vaccine (BNT162b2) in a female patient with suspected
MS for over 40years.

Case presentation

A 68-year-old Caucasian woman presented with a rap-
idly progressive severe sensorimotor paraparesis a few
days after having received the first mRNA COVID-19
vaccination (BNT162b2) in May 2021. The patient’s his-
tory showed the suspected diagnosis of a secondary
progressive MS for over 40years with unknown date of
transition. After having suffered a severe relapse in the
early 1980s the patient had lived with a residual mild
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paraparesis. The patient had never received a disease-
modifying therapy (DMT). Relapses had been treated
with intravenous corticosteroids. Regarding her vaccina-
tion history, the patient had regularly received the vac-
cines recommended by the German Standing Committee
on Vaccination without any relevant side effects prior to
the following events.

In April 2021, the patient first suffered a deterioration
of the paraparesis shortly after having been vaccinated
against tetanus and pneumococci. She was admitted to
an external hospital. Spinal cord MRI showed signs of
atrophy of the cervical and thoracic spinal cord without
Gadolinium (GD)-enhancement. Cerebrospinal fluid
(CSF) analysis did not show any abnormalities. Due to a
suspected MS relapse the patient was treated with intra-
venous corticosteroids. Subsequently the symptoms
receded and the patient reached prior level of disability.

On the 5th of May 2021 the patient received the first
mRNA COVID-19 vaccination and 23days later devel-
oped a severe exacerbation of the paraparesis with sen-
sory level of T8 and inability to walk as well as loss of
bladder and bowel control (EDSS 7.0). A new spinal cord
MRI now showed T2-signal alteration ranging from C4
to T10 with GD-enhancement from C3 to C5 as sign of
an acute LETM (Fig. 1). CSF analysis displayed pleocyto-
sis of 340 cells/pl (51% lymphocytes, 49% granulocytes)
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Fig. 1 Spinal cord MRI (a) Sagittal T1-weighted 4+ GD image; white arrow indicates GD-enhancement ranging from C3 to C5 (b) Sagittal
T2-weighted images; white arrows indicate T2-signal alteration ranging from C4 to T10
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and disturbance of the blood-brain-barrier with elevated
protein levels of 2590 mg/L. There was no evidence of
oligoclonal bands. Also, there was no evidence of bacte-
rial or viral infection. Cell-based assay showed positive
AQP4-antibodies in serum and CSF. The patient fulfilled
diagnostic criteria for AQP4-antibody positive NMOSD.

Initial therapy with intravenous corticosteroids for
five days was followed by seven cycles of plasmapher-
esis which led to a mild improvement of sensorimo-
tor function (EDSS remaining at 7.0). Considering the
highly active disease progression, DMT with eculizumab
was initiated promptly. Since the patient showed dete-
rioration of symptoms both times she was immunized,
required meningococcal vaccination was not applied
for safety reasons and prophylactic antibiotic therapy
was initiated in the induction phase of eculizumab. The
patient later decided not to receive the vaccination at
all, hence therapy was changed to satralizumab. In the
follow-up period of six months no new relapses have
occurred. The patient also declined the second COVID-
19 vaccination.

Discussion

AQP4-antibody positive NMO represents a rare chronic
inflammatory disorder of the CNS as a result of an
autoantibody- and complement-mediated astrocytopa-
thy due to high expression of the antigen AQP4 at the
astrocytic endfeet, which is followed by secondary demy-
elination and often extensive axonal and neuronal dam-
age, which primarily affects the spinal cord, optic nerves
and brain stem areas [7]. Due to prognostic differences
and differential response to diverse immunomodulatory
treatments, with MS drugs mostly aggravating NMO dis-
ease activity, differential diagnosis of NMOSD and MS is
crucial, in particular with regard to DMT initiation [8].

In this case the patient’s clinical presentation had been
classified as MS in the early 1980s and not re-evaluated
since, presumably as she had not suffered from a severe
relapse until recently. Furthermore, the patient has never
been treated with a DMT. Interestingly she already had
suffered a mild exacerbation without any correlate in spi-
nal cord imaging after having been vaccinated against
tetanus and pneumococci, possibly indicating slight acti-
vation of the immune system. Following immunization
with an mRNA COVID-19 vaccine the patient suffered
from a severe disease exacerbation presenting as LETM
which led to clinical re-evaluation and ultimately diagno-
sis of NMO due to detection of AQP4-autoantibodies in
both serum and CSF.

The timeline of these events is highly suggestive for
a potential triggering of so far self-contained autoim-
mune-mediated processes increased by the COVID-
19 vaccination. Of note, causality between vaccination
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and relapse or manifestation of NMOSD have not been
verified yet. Also, specific testing for serum autoanti-
bodies against SARS-CoV-2 as a potential marker for
the immune response to the COVID-19 vaccine has not
been performed. Furthermore, it has to be taken into
account that the patient received three types of vacci-
nations in a short period of time, so possible delayed
effects of the first vaccinations or combined effects of
an unspecific “bystander immune activation” as a con-
sequence of these different vaccinations could be asso-
ciated with the disease exacerbation observed in this
particular case [9]. The patient’s history suggests that
she suffered from a long-standing latent NMOSD mis-
diagnosed as MS that flared up after the vaccination.
However, testing for AQP4-antibodies has not been
performed prior to the severe relapse as proof of this
hypothesis. Hence, the possibility that this patient actu-
ally did develop a new autoimmune disorder on basis of
a recently inactive MS has to be acknowledged. How-
ever, one crucial factor that needs to be emphasized is
the fact that this patient did not receive any DMT, espe-
cially not around the time of vaccination, which might
have reduced the risk of disease exacerbation. So far,
there have been no reports of disease exacerbation of
properly treated NMOSD patients following COVID-19
vaccination, although post-vaccination manifestation
or relapses of NMOSD have been reported before the
COVID-19 pandemic [10, 11]. Since SARS-CoV-2-in-
fection itself can also be associated with severe neu-
rological disorders including demyelinating diseases of
the CNS, the so far described rare cases of post-vacci-
nation events should not lead to a change of vaccina-
tion policy or discouragement of patients [12].

Conclusions

Taken together, this case adds evidence to the few
reported cases of NMOSD manifestation upon COVID-
19 vaccination and warrants to potentially avoid repeti-
tive vaccinations against COVID-19 combined with other
vaccinations with only a short in-between interval, if pos-
sible. Furthermore, effective treatment must be ensured
in patients suffering from inflammatory CNS diseases
before immunization. Finally, regarding the advances
in diagnostic possibilities for neurologic disorders re-
evaluation of diagnoses from the past should always be
considered.

Abbreviations

AQP4: Aquaporin-4; CNS: Central nervous system; CSF: Cerebrospinal fluid;
DMT: Disease-modifying therapy; EDSS: Expanded Disability Status Scale; GD:
Gadolinium; HPV: Human papilloma virus; LETM: Longitudinal extensive trans-
verse myelitis; MS: Multiple sclerosis; NMOSD: Neuromyelitis optica spectrum
disorder; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2.



Lohmann et al. BMC Neurology (2022) 22:185

Acknowledgements
Not applicable.

Authors’ contributions

Concept: LK and LL. Data acquisition: FG, GM, JDL and LK. Drafting of the
manuscript and figure: LL, LK and HW. All authors read and approved the final
manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. No funding
was received to assist with the preparation of this manuscript.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Ethical approval was not required for this case report.

Consent for publication
Written informed consent was obtained from the patient for publication of
this case report and all images.

Competing interests

LL and FG declare that they have no competing interests. GM received
industry-funded travel support from Desitin Arzneimittel, Eisai Pharma, and
UCB Pharma, as well as speaking honoraria from UCB Pharma. JDL received
speaker fees, research support, and served on advisory boards at the Swiss
National Science Foundation, the Swiss Multiple Sclerosis Society, AbbVie,
Alexion, ArgenX, Bayer AG, Biogen Inc,, Sanofi Genzyme, Merck & Co., Novartis
AG, F. Hoffmann-La Roche. HW received honoraria for acting as a member of
scientific advisory boards for Biogen, Evgen, Genzyme, MedDay Pharmaceu-
ticals, Merck Serono, Novartis, Roche Pharma AG, and Sanofi-Aventis as well
as speaker honoraria and travel support from Alexion, Biogen, Cognomed,

F. Hoffmann-La Roche Ltd.,, Gemeinntzige Hertie-Stiftung, Merck Serono,
Novartis, Roche Pharma AG, Genzyme, Teva, and WebMD Global. He is acting
as a paid consultant for Actelion, Biogen, IGES, Johnson & Johnson, Novartis,
Roche, Sanofi-Aventis, and the Swiss rheuma Society. His research is funded
by the German Ministry for Education and Research (BMBF), Deutsche
Forschungsgemeinschaft (DFG), Else Kroner Fresenius Foundation, Fresenius
Foundation, the European Union, Hertie Foundation, NRW Ministry of Educa-
tion and Research, Interdisciplinary Center for Clinical Studies (IZKF) Muenster
and Biogen, GlaxoSmithKline GmbH, Roche Pharma AG, and Sanofi-Genzyme.
LK received compensation for serving on scientific advisory boards for Alexion,
Genzyme, Janssen, Merck Serono, Novartis, and Roche. She received speaker
honoraria and travel support from Bayer, Biogen, Genzyme, Grifols, Merck
Serono, Novartis, Roche, Santhera, and Teva. She receives research support
from the German Research Foundation, the IZKF Minster, IMF Minster, Bio-
gen, Immunic AG, Novartis, and Merck Serono.

Received: 20 December 2021 Accepted: 6 May 2022
Published online: 18 May 2022

References

1. Karussis D, Petrou P. The spectrum of post-vaccination inflammatory CNS
demyelinating syndromes. Autoimmun Rev. 2014;13:215-24. https://doi.
org/10.1016/j.autrev.2013.10.003.

2. Langer-Gould A, Qian L, Tartof SY, Brara SM, Jacobsen SJ, Beaber BE, et al.
Vaccines and the risk of multiple sclerosis and other central nervous
system demyelinating diseases. JAMA Neurol. 2014;71:1506-13. https://
doi.org/10.1001/jamaneurol.2014.2633.

3. Garg RK, Paliwal VK. Spectrum of neurological complications follow-
ing COVID-19 vaccination. Neurol Sci. 2021. https://doi.org/10.1007/
$10072-021-05662-9.

Page 4 of 4

4. ChenS, Fan X-R, He S, Zhang J-W, Li S-J. Watch out for neuromyelitis
optica spectrum disorder after inactivated virus vaccination for COVID-19.
Neurol Sci. 2021;42:3537-9. https://doi.org/10.1007/510072-021-05427-4.

5. Badrawi N, Kumar N, Albastaki U. Post COVID-19 vaccination neuromyeli-
tis optica spectrum disorder: Case report & MRI findings. Radiol Case Rep.
2021;16:3864-7. https://doi.org/10.1016/j.radcr.2021.09.033.

6. Fujikawa P, Shah FA, Braford M, Patel K, Madey J. Neuromyelitis optica in
a healthy female after severe acute respiratory syndrome coronavirus 2
mMRNA-1273 vaccine. Cureus. 2021;13:e17961. https://doi.org/10.7759/
cureus.17961.

7. Wingerchuk DM, Banwell B, Bennett JL, Cabre P, Carroll W, Chitnis T, et al.
International consensus diagnostic criteria for neuromyelitis optica spec-
trum disorders. Neurology. 2015;85:177-89. https://doi.org/10.1212/WNL.
0000000000001729.

8.  Kira J-i. Unexpected exacerbations following initiation of disease-
modifying drugs in neuromyelitis optica spectrum disorder: Which factor
is responsible, anti-aquaporin 4 antibodies, B cells, Th1 cells, Th2 cells,
Th17 cells, or others? Mult Scler. 2017;23:1300-2. https://doi.org/10.1177/
1352458517703803.

9. CaiH,ZhouR, Jiang F, Zeng Q, Yang H. Vaccination in neuromyelitis
optica spectrum disorders: Friend or enemy? Mult Scler Relat Disord.
2022;58:103394. https://doi.org/10.1016/j.msard.2021.103394.

10. MengeT, Cree B, Saleh A, Waterboer T, Berthele A, Kalluri SR, et al. Neuro-
myelitis optica following human papillomavirus vaccination. Neurology.
2012;79:285-7. https://doi.org/10.1212/WNL.0b013e31825fdead.

11. Schoberl F, Csanadi E, Eren O, Dieterich M, Kimpfel T. NMOSD triggered
by yellow fever vaccination - An unusual clinical presentation with seg-
mental painful erythema. Mult Scler Relat Disord. 2017;11:43-4. https://
doi.org/10.1016/j.msard.2016.11.009.

12. Ismail Il, Salama S. Association of CNS demyelination and COVID-19 infec-
tion: an updated systematic review. J Neurol. 2021. https://doi.org/10.
1007/500415-021-10752-x.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/j.autrev.2013.10.003
https://doi.org/10.1016/j.autrev.2013.10.003
https://doi.org/10.1001/jamaneurol.2014.2633
https://doi.org/10.1001/jamaneurol.2014.2633
https://doi.org/10.1007/s10072-021-05662-9
https://doi.org/10.1007/s10072-021-05662-9
https://doi.org/10.1007/s10072-021-05427-4
https://doi.org/10.1016/j.radcr.2021.09.033
https://doi.org/10.7759/cureus.17961
https://doi.org/10.7759/cureus.17961
https://doi.org/10.1212/WNL.0000000000001729
https://doi.org/10.1212/WNL.0000000000001729
https://doi.org/10.1177/1352458517703803
https://doi.org/10.1177/1352458517703803
https://doi.org/10.1016/j.msard.2021.103394
https://doi.org/10.1212/WNL.0b013e31825fdead
https://doi.org/10.1016/j.msard.2016.11.009
https://doi.org/10.1016/j.msard.2016.11.009
https://doi.org/10.1007/s00415-021-10752-x
https://doi.org/10.1007/s00415-021-10752-x

	Severe disease exacerbation after mRNA COVID-19 vaccination unmasks suspected multiple sclerosis as neuromyelitis optica spectrum disorder: a case report
	Abstract 
	Background: 
	Case presentation: 
	Conclusions: 

	Background
	Case presentation
	Discussion
	Conclusions
	Acknowledgements
	References


