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Introduction

The spread of COVID-19 led to rapid global administration
of vaccines. The risk of exacerbation, recurrence, and new-onset
autoimmune diseases due to the COVID-19 vaccine has been suggested.
There are also scattered reports of neurological complications. Among
the neurological complications, there have been reports of new-onset
neuromyelitis optica spectrum disorder (NMOSD), a central nervous
system inflammatory disease.

Case Report

We present the case of a 28-year-old healthy woman who developed
refractory nausea, vomiting, headache, and hiccups five days after
COVID-19 vaccination. No neurological symptoms were observed.
Blood tests were positive for anti-aquaporin-4 antibody (AQP4-Ab), and
positive serological abnormalities suggestive of pre-clinical Systemic
lupus erythematosus (SLE). Brain magnetic resonance imaging (MRI)
showed FLAIR hyperintense lesions in the right medial occipital lobe.
The patient was diagnosed with coexisting NMOSD and pre-clinical
SLE. She was treated with corticosteroids, and her symptoms resolved,
the hyperintense lesions observed on brain MRI also improved.

Conclusion

To our knowledge, this is first case of AQP4-Ab positive NMOSD
coexisting with pre-clinical SLE following COVID-19 vaccination. We
alsobelieve that thisis the first reportin which neurological examinations
showed only cortical lesions without acute myelitis or optic neuritis
in AQP4-Ab positive NMOSD after COVID-19 vaccination. Our
case suggests that NMOSD after COVID-19 vaccination has various
onset patterns. The COVID-19 pandemic is trending downward, but
we believe that the association between autoimmune diseases such as
NMOSD and COVID-19 vaccination should continue to be studied.

Background

During the 2019 coronavirus disease (COVID-19) pandemic,
COVID-19 vaccines were rapidly administered worldwide to prevent
infection. From the beginning of the pandemic, COVID-19 vaccination
was reported to cause various autoimmune diseases. New-onset central
nervous system (CNS) inflammatory diseases, such as neuromyelitis
optica spectrum disorder (NMOSD), multiple sclerosis (MS), acute
disseminated encephalomyelitis (ADEM) and myelin oligodendrocyte
glycoprotein antibody-associated disease (MOGAD) have been
reported in a few cases [1]. Although rare, there are reports on the
development of seropositive NMOSD, suggesting an association with
COVID-19 vaccination. Here, we report a case of seropositive NMOSD
with serological abnormalities suggestive of pre-clinical SLE following
COVID-19 vaccination.

Case presentation

A 28-year-old healthy female was admitted to our hospital with

severe refractory headache, nausea, vomiting and hiccups. Twenty-
one days before admission, she had received a third dose of the
COVID-19 mRNA BNT162b2 Pfizer-BioNTech vaccine. She received
the first and second dose of the COVID-19 mRNA BNT162b2 Pfizer-
BioNTech vaccine without any complications. Five days after receiving
the third dose of the vaccine, mild headaches, nausea, vomiting, and
hiccups occurred. She was referred to our hospital on Day 21 because
the symptoms had worsened. She has no family history of autonomic
diseases. On admission, physical and neurological examinations
revealed severe refractory headache, nausea, vomiting and hiccups. The
cranial nerve examination results were normal, including decreased
vision. Muscle weakness or sensory disturbances in the limbs and trunk
were not observed. Deep tendon reflexes were normal. Photosensitivity
and Raynaud’s phenomenon were observed; however, it was unclear
when they appeared. Blood tests revealed normal blood counts and
biochemistry. The coagulability and protein C, and S were normal. The
rapid plasma region test was positive, but the Treponema pallidum
hemagglutination assay (TPHA) was negative; therefore, we concluded
that it was a biological false-positive.

Autoantibodytestingrevealed positiveantinuclearantibodies (ANA)
with a titer of 1:80 and anti-double-stranded DNA antibodies (ds-DNA-
Ab, 73 IU/mL). Antiphospholipid antibodies and lupus anticoagulant
test results were negative additionally, the anti-aquaporin-4 antibody
(AQP4-Ab; cell-based assay) test was positive. Tests for anti-myelin
oligodendrocyte protein antibodies (MOG-AD; cell-based assay) were
negative. Cerebrospinal fluid studies revealed slightly increased cell
count (52/uL, 85% lymphocytes, 15% monocytes), and normal protein
level. The oligoclonal IgG bands were negative, and IgG index was
elevated to 0.99. Brain MRI revealed FLAIR hyperintense lesions in the
gray matter of the right medial occipital lobe (Figurel a). No lesions
were observed on dorsal side of the medulla oblongata or around the
third and fourth ventricles (Figurel c). Computer tomography of the
chest, abdomen, and pelvis revealed no significant findings.

Based on the International Panel for NMO Diagnosis [2], the
patient was diagnosed with seropositive NMOSD because of AQP4-
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Ab positivity and area postrema syndromes (APS). Although she
exhibited characteristics of systemic lupus erythematosus (SLE), such
as photosensitivity, Raynaud’s phenomenon, false-positive syphilis,
positive ANA, and ds-DNA-AD, she did not meet the EULAR/ACR
2019 SLE classification criteria. Ds-DNA-Ab has a very high specificity
for SLE, and simultaneously, the SLE symptoms and other serological
abnormalities were observed. Therefore, we diagnosed pre-clinical SLE.
The patient received intravenous methylprednisolone (IVMP 1000mg,
3days) on Day 25. She experienced remarkable improvement in APS,
and the symptoms disappeared immediately after IVMP. She was
maintained on prednisone 45mg daily (1mg/kg) from Day 8 and was
slowly weaned. Brain MRI revealed improvement in the gray matter
legions (Figurel b). The patient was discharged on Day 34 with no
apparent recurrence.

Discussion

During the COVID-19 pandemic, COVID-19 vaccines were
distributed worldwide. The mRNA BNT162b2 vaccine demonstrated
95% efficacy in preventing COVID-19 in the phase three trial of the
Food and Drug Administration [3]. However, COVID-19 vaccines,
including the mRNA BNT162b2 vaccination, are associated adverse
events, including new-onset neurological and rheumatic autoimmune
diseases. Autoimmune diseases induced by mRNA vaccines are currently
being actively researched. It is believed that peptide sharing between
the SARS-CoV-2 spike protein and human protein is significant at the
heptapeptide level [4]. Therefore, the most likely mechanism is that the
antibodies produced against the SARS-CoV2-spike protein in response
to vaccination, may lead an autoimmune reactions. Neuroimmune
diseases after COVID-19 vaccination, including CNS inflammatory
disease, such as NMOSD, MS, ADEM and MOGAD, have rarely been
reported [1]. There is limited evidence linking COVID-19 vaccines
to disease onset. The factors that trigger CNS inflammatory diseases,
including NMOSD, are not well understood. However, some reports
suggest that infections by bacteria, or viruses, and vaccinations may be
implicated in the onset of CNS inflammatory diseases [5].

Both AQP4-Ab positive and AQP4-Ab negative NMOSD have
been reported after COVID-19 vaccination. We identified six cases
of AQP4-Ab positive NMOSD by reviewing previous reports [6-10].
Based on these reports, the different types of vaccines, mRNA vaccines,
virus vector vaccines, and inactivated vaccines exhibit almost the same
frequency of onset. The number of days from vaccination to disease
onset ranged from 2 to 31. The vaccination frequency was 1 -2 times.
Myelitis occurred most commonly, followed by optic neuritis, area
postrema syndrome, and multiple brain lesions. Only patient was
positive for oligoclonal IgG bands.

NMOSD is an antibody-mediated central nervous system disease.
AQP4-Ab is the specific antibody identified in patients [11]. Typical
presentations of NMOSD include optic neuritis, transverse myelitis, area
postrema syndrome, and other brainstem, diencephalic, and cerebral
presentations. This report presents a case of young, previously healthy
female patient with new-onset central nervous system inflammatory
disease following COVID-19 vaccination. There are two novelties for
postvaccination AQP4-Ab positive NMOSD in our case: gray matter
lesions on brain MRI, and serological features suggestive of pre-clinical
SLE.

Our patient exhibited area postrema syndrome without any
neurological symptoms. Although she had area postrema syndrome,
there were no lesions on the dorsal side of the medulla oblongata or
around the third and fourth ventricles in brain MRI. Our case showed

FLAIR hyperintense lesions in the gray matter of the right medial
occipital lobe. We could not confirm a relationship between the patient’s
clinical symptoms and the lesions. NMOSD rarely present with cerebral
cortical lesions [12]. To our knowledge, this is the first case of AQP4-Ab
positive NMOSD that occurred after COVID-19 vaccination.

Furthermore, our patient exhibited serological features suggestive
of pre-clinical SLE. New-onset SLE after COVID-19 vaccination has
been reported, and some cases have been simultaneously positive
for various autoantibodies [13]. This patient had not been tested for
autoantibodies before vaccination; therefore, we could not determine
whether she had autoantibodies such as AQP4-Ab before the onset
of symptoms. We must consider the possibilities that she could have
been an asymptomatic carrier, that vaccination induced the symptoms,
or that vaccination induced de novo antibody production. NMOSD is
known to coexist with various autoimmune diseases such as rheumatoid
arthritis, Sjogren’s syndrome, and SLE [14]. However, they have been
reported to develop simultaneously in postvaccination NMOSD. Some
patients did not meet the diagnostic criteria and coexisted as pre-
clinical conditions. There have been a few reports of AQP4-Ab positive
NMOSD following COVID-19 vaccination, with autoantibodies
suggestive of other autoimmune diseases. In one case, serum MOG-
Ab was positive for AQP4-Ab positive NMOSD with myelitis [10].
In another case, ANA, anti-SS-A antibody, anti-SS-B antibody, anti-
Ro-52 antibody, and proteinase 3-ANCA were positive in AQP4-Ab
positive NMOSD with area postrema syndrome [9]. In our case, ANA
and ds-DNA-Ab were positive, and false-positive serological results for
syphilis were observed. We considered these serological findings to be
suggestive of SLE. Photosensitivity and Raynaud’s phenomenon were
observed, but it was not clear whether they appeared after vaccination.
Therefore, we concluded that the patient possibly asymptomatic SLE
before vaccination.

Conclusion

In summary, we present the case of a young, healthy female
who experienced new-onset AQP4-Ab positive NMOSD following
COVID-19 vaccination. The presence of gray matter lesions on brain
MRI and serological abnormalities suggestive of pre-clinical SLE
are novel features of AQP4-Ab positive NMOSD after COVID-19
vaccination. Although there are a few reports on the relationship
between the onset of NMSOD and COIVD-19 vaccination, the
underlying mechanism has not been fully established. Although the
COVID-19 pandemic is trending downward, it is necessary to remain
attentive to the onset of autoimmune diseases such as NMOSD after
COVID-19 vaccination.
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