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Dear Sirs,

Neuromyelitis optica (NMO) is a severe inflammatory dis-
ease of the central nervous system (CNS) characterized by
simultaneous or consecutive attacks of acute optic neuritis
(ON) and transverse myelitis (TM). Unlike multiple sclero-
sis, NMO is associated in most patients with the presence
of specific and pathogenic auto-antibodies targeting aqua-
porin-4 (AQP4), the most abundant water channel protein
in the CNS [1]. More recently, the notion of neuromyeli-
tis optica spectrum disorder (NMOSD) was introduced to
include patients presenting, at least initially, with isolated
ON or TM or, more rarely, brainstem or brain inflamma-
tion [2]. It is well known that severe respiratory syndrome-
coronavirus-2 (SARS-CoV-2) infection can be associated
with symptomatic involvement of the central or peripheral
nervous system [3]. Among associated CNS demyelina-
tion, encephalitis/encephalomyelitis are the most common
presentations. Longitudinally extensive transverse myelitis
(LETM) are more rarely reported [4]. Causality between
SARS-CoV-2 infection and CNS demyelination is not fully
established and pathogenesis is not completely understood.
We describe for the first time a patient with pre-existing
asymptomatic anti-AQP4 antibodies who developed severe
LETM following coronavirus disease 2019 (COVID-19)
infection associated with a strong increase in anti-AQP4
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antibody titers in the serum suggesting a direct relation-
ship between viral infection and the autoimmune-mediated
demyelination.

The patient, a 71-year-old Caucasian woman, was previ-
ously followed for Hereditary Hemorrhagic Telangiectasia
(HHT) diagnosed in 2018 with no history of demyelination.
She had recurrent episodes of hepatic encephalopathy, sec-
ondary to HHT hepatic arterio-venous shunt. In October
2020, she had uncomplicated SARS-CoV-2 infection with
positive nasal swab reverse-transcription polymerase chain
reaction (RT-PCR). Three months later, during an episode
of hepatic encephalopathy, she developed a subacute para-
plegia. Spinal cord MRI revealed an extensive myelitis from
C7 to T6 (Fig. 1a, b), with bright spotty lesions on axial
T2-weighted images (Fig. 1c). The diagnosis of NMOSD
was confirmed by detection of anti-AQP4 antibodies in the
patient’s serum by indirect immunofluorescence (IIF) on
primate cerebellum slides. Serum concentration was deter-
mined using a semi-quantitative commercially available cell-
based assay (CBA; Euroimmun, Liibeck, Germany) and con-
firmed with a more sensitive and accurate home-made CBA
using living cells and flow cytometry as previously described
[5]. We also determined complement-mediated cytotoxicity
of anti-AQP4 antibodies using AQP4 expressing HEK-293 T
transduced cells as previously described [6]. We took advan-
tage of the blood samples drawn during the follow-up of the
patient for her history of HHT to compare anti-AQP4 anti-
bodies before and after the COVID-19 episode. As shown
in Fig. 1d, anti-AQP4 antibodies were already present in
the serum drawn in 2019, 11 months before SARS-CoV-2
infection and more than 1 year before LETM. Serum con-
centration strongly increased following SARS-CoV-2 infec-
tion (p <0.001) and was associated with a similar increase
of the complement-mediated cytotoxicity measured in the
different post-COVID-19 sera (R>=0.83, p=0.044). Sur-
prisingly, when analyzed by IIF on brain and cerebellum
slides, sera drawn before and after COVID-19 infection gave
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Fig. 1 Extensive myelitis following SARS-CoV2 infection in a
patient previously followed for Hereditary Hemorrhagic Telangiec-
tasia (HHT). Spinal cord MRI revealed an extensive myelitis from
C7 to T6 on T2-weighted sagittal image (a), without gadolinium
enhancement on contrast-enhanced T1-weighted sequence (b). A
bright spotty lesion, very specific of anti-AQP4 positive NMOSD,
was observed on T2-weighted axial images (c). (d) Anti-AQP4 serum
concentration and complement-mediated serum cytotoxicity were
measured in sera obtained before and after COVID-19 infection with
cell-based assays using AQP4 expressing human HEK-293 T cells as
previously described [6]. Anti-AQP4 concentration was measured by

rise to different pattern of fluorescence. Indeed, whereas we
observed with all post-infection sera a typical anti-AQP4
staining of the pia (Fig. 2c) and the perivascular Virchow-
Robin spaces (Fig. 2d), the serum from 2019 produced linear
and radial fluorescence in the molecular layer (Fig. 2a) and
around vessels (Fig. 2b).

Angiotensin-converting enzyme 2 (ACE2), the cell
surface molecule recognized by the spike glycopro-
tein of SARS-CoV-2 virus, is expressed in the CNS [7].
Nevertheless, the pathogenesis of CNS demyelination
episodes observed after COVID-19 infection is not well
understood. Various hypotheses were proposed including
molecular mimicry between viral and neurological anti-
gens, immune dysregulation through bystander activation
or systemic inflammation, increased blood-brain barrier
(BBB) permeability allowing antibody entry in the CNS,
hypoxia, and/or a direct viral pathogenic effect [8]. Inter-
estingly, the patient referred in this case report already
presented anti-AQP4 antibodies at least 11 months before
the COVID-19 infection and more than 1 year before neu-
rological symptoms. SARS-CoV-2 infection was associ-
ated with an important increase in antibody concentration
in the serum. Anti-AQP4 antibody concentration was not
assessed in the CSF, but it is likely that systemic inflam-
mation induced by the virus with secretion of inflam-
matory cytokines such as interleukin-1 and 6 may have
increased BBB permeability, thus favoring antibody entry
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flow cytometry after incubation with patient's sera and donkey anti-
Human IgG conjugated with Alexa-Fluor 647 as secondary antibody.
The mean fluorescence intensity (MFI) is represented in left axis
(black triangles). Complement-mediated cytotoxicity was measured
after incubation with heat inactivated patient's sera and rabbit com-
plement. The percentage of dead cells was quantified using 7AAD
labeling and is represented on the right axis (black circles). All sera
were tested in triplicate and means +SD are shown. The black arrow
represents SARS-CoV2 infection. A one-way ANOVA test with Bon-
ferroni correction was used to compare sera before and after COVID-
19 (¥**p <0.001)

in the CNS. COVID-19-associated inflammation may also
have induced post-translational modifications of anti-
AQP4 antibodies such as altered glycosylation that may
have increased their effector functions and amplified their
pathogenic potential [9, 10]. Nevertheless, the strong cor-
relation observed between antibody concentration and the
complement-mediated cytotoxic activity measured in the
different sera drawn before and after SARS-CoV-2 infec-
tion does not plead for this hypothesis (Fig. 1d). Interest-
ingly, the observed pattern of fluorescence on the cerebel-
lum slides by IIF was different between sera drawn before
and after COVID-19 infection with linear and radial fluo-
rescence within the molecular layer and around vessels
before infection and a typical anti-AQP4 staining of the
pia and the Virchow—Robin spaces in the brain and the
cerebellum with all sera drawn after SARS-CoV-2 infec-
tion (Fig. 2). These data may indicate a phenomenon of
epitope spreading induced by the SARS-CoV-2 infection
with auto-antibodies recognizing different parts and/or
isoforms of the AQP4 molecule.

In conclusion, we describe for the first time to our
knowledge a case of SARS-CoV-2 infection with sub-
sequent development of NMOSD in a patient with pre-
existing asymptomatic anti-AQP4 antibodies. Although
causality cannot be definitively established, SARS-CoV-2
infection was associated with a strong increase in anti-
AQP4 antibody concentration and complement-mediated
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Fig.2 Different pattern of immunofluorescence on brain and cer-
ebellum slides before and after SARS-Cov-2 infection. Primate cer-
ebellum and brain sections (Werfen, Barcelona, Spain) were used for
immunofluorescence analysis with diluted sera drawn before (2019)
or after (2020 and 2021) the COVID-19 episode according to the
manufacturer's instructions. With the serum from 2019, we observed

cytotoxicity of the patient’s serum against AQP4 express-
ing cells, suggesting a direct relationship between viral
infection, immune dysregulation, and demyelination.
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(d)

a linear and radial fluorescence within the molecular layer of the cer-
ebellum (a) and around the vessels of the brain parenchyma (b). All
sera drawn after the SARS-CoV-2 infection produced typical immu-
nofluorescence staining of anti-AQP4 antibodies with linear staining
of the pia (c), and the perivascular Virchow—Robin spaces (d)

Informed consent Informed consent was obtained from the patient
included in this study.
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