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Abstract: Multiple sclerosis (MS) and neuromyelitis optica spectrum disorders (NMOSD) are among
the commonly considered differential diagnoses in patients with inflammatory central nervous sys-
tem (CNS)-diseases. Formerly diagnosed competing autoimmune diseases might impair diagnostics
and treatment. Here, we report on a 41-year-old woman admitted to our hospital with primary
manifestation of NMOSD (paresthesia, paralysis of the lower extremities, and urinary incontinence)
while undergoing treatment for a diagnosed systemic lupus erythematosus (SLE) with hydroxy-
chloroquine. CNS manifestation of the disease was considered. Magnetic resonance imaging (MRI)
of the cranium and spinal cord showed multiple supratentorial lesions of the white matter and
massive intramedullary lesions with contrast enhancement. Cerebrospinal fluid (CSF) showed pleo-
cytosis (20/µL), positive antinuclear antibodies (ANA), antiphospholipid antibodies, and SSA/Ro
antibodies, while formerly positive dsDNA antibodies were negative. Further diagnostics revealed
a 1:10,240 serum titer of Aquaporine-4 antibodies. The patient received intravenous methylpred-
nisolone for three days (2 g per day), which led to an escalation to plasmapheresis and to an improved
EDSS from 8.0 to 4.0. Because of the comorbidity, a combined relapse prophylaxis with satralizumab
and mycophenolate mofetil was established. Rehabilitation and continued treatment improved
EDSS to 1.0 with no impairment of mobilization. Although formerly diagnosed SLE could have
explained the symptoms, it is important to reconsider competitive diseases in order to establish
adequate immunotherapy.

Keywords: NMOSD; lupus; SLE; neuromyelitis; multiple sclerosis; systemic lupus erythematosus;
neuromyelitis optica spectrum disorders; AQP-4; satralizumab

1. Introduction

Multiple sclerosis (MS) and neuromyelitis optica spectrum disorders (NMOSD) are
among the commonly considered differential diagnoses in patients with inflammatory
central nervous system (CNS)-diseases [1]. Formerly diagnosed competing autoimmune
diseases might impair diagnostics and treatment. NMOSD is an autoimmune inflammatory
disease affecting the central nervous system. Compared to multiple sclerosis, NMOSD
is less common; its prevalence ranges up to 4.4 per 100,000 people, and females are con-
sidered more susceptible [2]. Clinically, patients most commonly present with symptoms
associated with damage of the optic nerve, spinal cord, area postrema, brainstem, dien-
cephalon, and cerebrum. The mentioned parts of the CNS and their respective clinical
features are also taken into account in the diagnostic criteria (as conceptualized by Winger-
chuk et al.) [3]. Considered the most specific clinical feature of NMOSD is longitudinally
extensive transverse myelitis (LETM), which is less common in MS patients. Antibodies
directed against aquaporine-4 (AQP-4), which is a protein located in cerebral regions with
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spatial reference to cerebral spinal fluid (CSF), might induce an increase in interleukin-6
expression in astrocytes interfering with blood–brain barrier function. Additionally, via
complement activation, the process ultimately results in a loss of function in astrocytes by
interfering with their supportive function for oligodendrocytes and neurons and leading
to neutrophil infiltration and, subsequently, secondary demyelination [4]. NMO patients
who are seronegative for AQP-4 antibodies might show a more heterogeneous clinical
manifestation. In 30–70% of seronegative NMO patients antibodies directed against myelin
oligodendrocyte glycoprotein (MOG) can be detected. The detection of MOG antibodies is
not considered in the diagnostic criteria for NMOSD. It indicates the presence of myelin
oligodendrocyte glycoprotein antibody-associated disease (MOGAD) despite the possi-
bility of overlapping clinical features and MRI findings, thus complicating the distinction
between MS and NMO, which are considered separate entities of disease [5]. An important
differential diagnosis regarding inflammatory CNS diseases (especially for patients with
non-neurological co-manifestations) is systemic lupus erythematosus (SLE). SLE is a chronic
autoimmune disease with a wide range of possible clinical manifestations that predomi-
nantly affects females. The complex pathogenesis involves a reduced apoptotic clearance,
the loss of immunological self-tolerance, and the deposition of immune complexes and
autoantibodies, causing complement activation and tissue infiltration with neutrophilic
granulocytes, monocytes, and lymphocytes. Key organ manifestations include skin, the
musculoskeletal system, kidneys, and the CNS. While several classification criteria have
been established in the past (e.g., SLICC and ACR/EULAR), a diagnosis is generally based
on the combination of clinical and serological findings (e.g., the presence of antinuclear an-
tibodies) [6]. Clinical manifestations regarding the central nervous system are summarized
in the term ‘neuropsychiatric SLE’ (NPSLE), which is estimated to occur in 12–95% of SLE
patients, presenting with a variety of symptoms. Clinical manifestation ranges from non-
specific complaints (such as headache or cognitive deficits) to severe clinical manifestations
(e.g., seizures or ischemic strokes). In 0.9–2.7% of all cases, a demyelinating syndrome
can be observed; in 0.9–3.9% of cases, SLE-related myelopathy is described [7]. Although
the pathophysiology regarding the damage of the spinal cord is not entirely known, the
literature suggests small vessel vasculitis and thrombotic events as possible causes. A
connection between the presence of antiphospholipid antibodies (aPL) and ischemic events
in patient with NPSLE-related myelopathy has been discussed [8].

In this case report, we are reporting on a patient with a severe primary manifestation
of seropositive NMOSD while undergoing treatment for systemic lupus erythematosus.
Despite the already diagnosed SLE, extensive differential diagnostics were initiated as a
competitive disease was suspected.

2. Materials and Methods
2.1. Laboratory Analysis

CSF parameters and routine serum laboratory diagnostics, as well as antinuclear
antibodies (ANA), double-strand-DNA antibodies (dsDNA), antiphospholipid (aPL), com-
plement factors, and SSA/Ro antibodies were analyzed in the central laboratory of the
Saarland Medical Center. The department of Virology of the Saarland Medical Center car-
ried out virus analysis. Bacterial analysis was performed in the department of Microbiology
of the Saarland Medical Center. Aquaporin-4 antibody and MOG antibody analysis were
conducted in an external laboratory (MVZ Labor PD Dr. Volkmann und Kollegen GbR,
Karlsruhe, Germany). The Department of Internal Medicine I at Saarland Medical Center
carried out fluorescence-activated cell sorting (FACS) analysis of the CSF. The Depart-
ment of Neuropathology at the Saarland Medical Center conducted the neuropathological
analysis of the CSF.
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2.2. MR-Imaging

MRI images were acquired in the Department for Neuroradiology. Cranial MRI images
were acquired in a 3-tesla MRI scanner, whereas spinal images were obtained in a 1.5-tesla
MRI scanner. Further description of the shown image is given in the figure legend.

2.3. Neurophysiological Diagnostic

Visual sensory evoked potentials (VEP), sensory evoked potentials (SEP), and motoric
evoked potentials were performed in our sub-department of Neurophysiology.

2.4. Diagnostic Flow

Serum and CSF were acquired at the beginning of the inpatient stay for all of the param-
eters mentioned in Section 2.1. MRI and evoked potentials were initiated simultaneously.
All findings were received on the day of initiation, except the test results for AQP-4 anti-
bodies, anti-MOG antibodies (conducted by an external laboratory), and neuropathological
analysis (delay of nine days).

3. Case Presentation

A 41-year-old woman was admitted to our hospital in March 2022 with paralysis
of the lower extremities, as well as urinary incontinence. According to the patient, the
first symptoms had occurred a month before with paresthesia of the lower extremities,
while first signs of paralysis were noticed about a week before hospitalization. After this,
the patient suffered from urinary incontinence. The patient had no history of neurolog-
ical disorders, but since the patient was diagnosed with systemic lupus erythematosus
in 2018, CNS manifestation of the disease was considered. When first diagnosed, the
patient presented relapsing episodes of thrombocytopenia and hemolysis, and she tested
positive for antinuclear antibodies (ANA), double-strand-DNA antibodies (dsDNA), and
antiphospholipid (aPL) antibodies in serum probes (Table 1). The patient initially was
being treated exclusively with prednisolone; later, a treatment with hydroxychloroquine
was established, which had appeared to be a sufficient relapse prophylaxis. At the day of
admission to our Department of Neurology, the clinical examination saw a vigilant and
fully oriented patient, with no impairment of the cranial nerves and no aphasia, dysarthria,
or dysphagia. Cognitive impairment or psychiatric symptoms were not observed. While
the upper limbs showed no signs of paresis or sensory disturbance, severe paresis of the
legs (1/5 on the British Medical Council research scale) as well as hypoesthesia and bi-
malleolar pallhypesthesia (0/8) were detected. The lower limbs also showed weakened
reflexes, while Babinski’s sign was bilaterally positive. MRIs of the cranium and spinal
cord showed multiple supratentorial white matter lesions as a sign of past inflammation
and massive intramedullary lesions (at the level of thoracic vertebrae 4–11) with signs of
contrast enhancement in T1-weighted images. Because of the extent of the intramedullary
lesions with diffuse signal alteration, our colleagues from the Department of Neuroradiol-
ogy discussed a possible intramedullary tumorous mass (e.g., ependymoma or glioma).
Spinal ischemia was also discussed but considered less likely as the symptoms did not
occur abruptly (Figure 1).

Table 1. Relevant laboratory parameters in the patient (pathological findings highlighted in bold,
and values from 2018 marked with asterisk (*)) (CSF = cerebrospinal fluid; IL2 = interleukin-2;
dsDNA = double-strand DNA; AQP4 = aquaporin-4).

Parameter Value Reference Values

CSF
cell count 20/µL <5/µL

protein 22 mg/dL 15–45 mg/dL
lactate 2.3 mmol/L 1.1–2.4 mmol/L
glucose 65 mg/dL n.a.
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Table 1. Cont.

Parameter Value Reference Values

hemoglobin negative negative
blood/serum

IL2-receptor 715 U/mL 158–623 U/mL
ANA 1:640 <1:80

SSA/Ro Antibodies 11 U/mL <7 U/mL
dsDNA antibodies 5.2 U/mL <10 U/mL

86 U/mL *
cardiolipin IgG 11 U/mL <10 U/mL
cardiolipin IgM 28 U/mL <10 U/mL

β2-Glycoprotein IgG 14 U/mL <7 U/mL
β2-Glycoprotein IgM 20 U/mL <7 U/mL

C3c 80.1 mg/dL 90–180 mg/dL
C4 8.0 mg/dL 10–40 mg/dL

hemoglobin 12.4 g/dL 12.0–16.0 g/dL
5.2 g/dL *

thrombocytes 163,000/µL 140,000–400,000/µL
63,000/µL

creatinine 0.59 mg/dL 0.5–0.9 mg/dL
anti-Sm antibodies 1.3 U/mL <7
AQP4 antibodies 1:10,240 <1:80

anti-MOG antibodies negative negativeSclerosis 2023, 1, FOR PEER REVIEW 4 
 

 

 
Figure 1. MR Imaging of the patient. (a) Exemplary demyelination lesion subcortical right frontal 
(cranial MRI, 3-tesla, FLAIR transversal, and 4 mm layer thickness). (b) The longitudinal intrame-
dullary signal alteration at thoracic vertebrae 4–11 and a spindle-shaped distension of the spinal 
cord (spinal MRI, 1.5-tesla, T2TSE sagittal, and 2 mm layer thickness). (c) Intramedullary, partly 
spotty contrast enhancement with an emphasis on thoracic vertebrae 7–8 (spinal MRI, 1.5-tesla, 
T1TSE sagittal after contrast injection of Clariscan, and 4 mm layer thickness). 

Visual evoked potentials (VEP) revealed no pathologic result. Regarding sensory 
evoked potentials (SEP), no cortical potentials were derivable from the left and right tibial 
nerve, whereas L1 was definable, which also affirmed a lesion in the posterior funiculus. 
The measurement of the motoric evoked potentials (MEP) was considered too painful by 
the patient, and she terminated the procedure. The examination of CSF showed pleocyto-
sis (20/µL), while there was no alteration in protein, lactate, and glucose. There were dis-
crete signs of autochthonous antibody synthesis regarding immunoglobulin M (IgM), and 
the oligoclonal bands remained negative (Figure 2). 

 
Figure 2. Reibers diagram with slight hints of autochthonic IgM-synthesis. IgG and IgA did not 
show any pathologic findings. 

Diagnostics regarding possible infectious causes showed negative results for neuro-
tropic viruses (including herpes simplex virus, varicella zoster virus, Epstein–Barr virus, 
cytomegalovirus, and, considering the immunotherapy with hydroxychloroquine, JC vi-
rus) as well as bacteria. As the patient had a history of swollen lymph nodes, samples were 
additionally sent to our Department of Hematology for fluorescence-activated cell sorting 
(FACS), from which no signs of lymphoma cells were detected. The neuropathological 
findings also showed no signs of malignant cells, while a lymphocytic dominance with 

Figure 1. MR Imaging of the patient. (a) Exemplary demyelination lesion subcortical right frontal (cra-
nial MRI, 3-tesla, FLAIR transversal, and 4 mm layer thickness). (b) The longitudinal intramedullary
signal alteration at thoracic vertebrae 4–11 and a spindle-shaped distension of the spinal cord (spinal
MRI, 1.5-tesla, T2TSE sagittal, and 2 mm layer thickness). (c) Intramedullary, partly spotty contrast
enhancement with an emphasis on thoracic vertebrae 7–8 (spinal MRI, 1.5-tesla, T1TSE sagittal after
contrast injection of Clariscan, and 4 mm layer thickness).

Visual evoked potentials (VEP) revealed no pathologic result. Regarding sensory
evoked potentials (SEP), no cortical potentials were derivable from the left and right tibial
nerve, whereas L1 was definable, which also affirmed a lesion in the posterior funiculus.
The measurement of the motoric evoked potentials (MEP) was considered too painful by
the patient, and she terminated the procedure. The examination of CSF showed pleocytosis
(20/µL), while there was no alteration in protein, lactate, and glucose. There were discrete
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signs of autochthonous antibody synthesis regarding immunoglobulin M (IgM), and the
oligoclonal bands remained negative (Figure 2).
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Figure 2. Reibers diagram with slight hints of autochthonic IgM-synthesis. IgG and IgA did not show
any pathologic findings.

Diagnostics regarding possible infectious causes showed negative results for neu-
rotropic viruses (including herpes simplex virus, varicella zoster virus, Epstein–Barr virus,
cytomegalovirus, and, considering the immunotherapy with hydroxychloroquine, JC virus)
as well as bacteria. As the patient had a history of swollen lymph nodes, samples were
additionally sent to our Department of Hematology for fluorescence-activated cell sorting
(FACS), from which no signs of lymphoma cells were detected. The neuropathological
findings also showed no signs of malignant cells, while a lymphocytic dominance with
few granulocytes as an expression of possible inflammation was discussed. Additionally
antinuclear antibodies (ANA), aPL antibodies (targeted against cardiolipin and beta-2-
glycoprotein), and SSA/Ro antibodies were found to be positive, while formerly positive
dsDNA antibodies were found to be negative. Serum levels for C4 and C3 complement
factors were reduced. Mycobacterium tuberculosis specific T-cells (via FACS-based assay)
could not be detected in serum probes, and antibodies against borrelia and treponema pal-
lidum also remained negative. Later, a 1:10,240 serum titer tested positive for aquaporin-4
antibodies, while MOG antibodies were found to be negative. The patient received methyl-
prednisolone for 3 days (2 g per day), and therapy had to be escalated to plasmapheresis
(16 sessions in total). As a result, the expanded disability status scale (EDSS) improved from
8.0 to 4.0. Because of the comorbidity, a combined relapse prophylaxis with IL-6 antibody
satralizumab and mycophenolate mofetil was established.

Within an observational period of 12 months, the patient has shown no signs of relapse.
In the latest clinical examinations, there were still no signs of psychiatric symptoms and
no impairment of the cranial nerves. The motor system appeared intact as there were no
pareses, no signs of pyramidal track lesions, and physiological muscle tone. Regarding the
sensory system, the formerly mentioned paresthesia and hypesthesia had fully regressed,
the only remaining symptom being a minor gait ataxia. The EDSS score had improved to 1.0.

4. Discussion

NPSLE was primarily considered the most likely differential diagnosis regarding the
patient’s medical history and the observed clinical manifestations. EULAR/ACR criteria [9]
for SLE were met via the detection of ANA, dsDNA antibodies, reduced complement
factors, positive aPL antibodies, and formerly observed anemia and thrombocytopenia
(Table 2).
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Table 2. 2019 European League Against Rheumatism/American College of Rheumatology clas-
sification criteria for systemic lupus erythematosus (simplified) [9]. The patient discussed in our
report was seropositive for ANAs, antiphospholipid antibodies, anti-dsDNA antibodies (in 2018),
thrombocytopenia, and autoimmune hemolysis (in 2018), and low serum levels of C3 and C4 were
detected. Total score = 20.

Entry Criterion:
Antinuclear Antibodies (ANA) at a Titer of ≥1:80 on HEp-2 Cells or an Equivalent Positive Test (Ever)

Additive Criteria:

Clinical Domains and Criteria Weight Present in the Patient

Constitutional
• Fever 2

Hematologic
• Leukopenia
• Thrombocytopenia
• Autoimmune hemolysis

3
4
4

X
X

Neuropsychiatric
• Delirium
• Psychosis
• Seizure

2
3
5

Mucocutaneous
• Non-scarring alopecia
• Oral ulcers
• Subacute cutaneous or discoid lupus
• Acute cutaneous lupus

2
2
4
6

Serosal
• Pleural or pericardial effusion
• Acute pericarditis

5
6

Musculoskeletal
• Joint involvement 6

Renal
• Proteinuria > 0.5 g/24 h
• Renal biopsy class II or V lupus nephritis
• Renal biopsy class III or IV lupus nephritis

4
8

10

Immunology domains and criteria

Antiphospholipid antibodies
• Anti-cardiolipin antibodies OR
• Anti-β2GP1 antibodies OR
• Lupus anticoagulant 2 X

Complement proteins
• Low C3 OR low C4
• Low C3 AND low C4

3
4 X

SLE-specific antibodies
• Anti-dsDNA antibody OR
• Anti-Smith antibody

6 X

Classification as SLE with a score of 10 or more combined with fulfilled entry criterion.
Occurrence of a criterion on at least 1 occasion is sufficient. Criteria do not have to occur simultaneously

CSF findings showed signs of inflammation, which also fit the possible NPSLE. The
diagnosis was reconsidered after receiving the MRI results with diffuse and extensive
longitudinal damage of the spinal cord; even a tumorous genesis was discussed. After
receiving negative results for possible infectious causes, an autoinflammatory disorder
was still considered most likely. Under empirical treatment with glucocorticoids and,
subsequently, plasmapheresis, the symptoms significantly improved, which substantiated
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the hypothesis. In summary, after receiving positive results for the highly specific AQP4
antibodies, seropositive NMOSD could be diagnosed as well (Table 3).

Table 3. International consensus criteria for neuromyelitis optica spectrum disorders [3]
(NMOSD = neuromyelitis optica spectrum disorders; AQP4-IgG = Aquaporin-4 immunoglobulin G
antibodies; MRI = magnetic resonance imaging).

Diagnostic Criteria for NMOSD with AQP4-IgG

1. At least 1 core clinical characteristic of the
following:

1. Optic neuritis
2. Acute myelitis

3. Area postrema syndrome episode: episode
of otherwise unexplained hiccups or nausea

and vomiting
4. Acute brainstem syndrome

5. Symptomatic narcolepsy or acute
diencephalic syndrome with NMOSD-typical

diencephalic MRI lesions
6. Symptomatic cerebral syndrome with

NMOSD-typical brain lesions

2. Positive test for AQP4-IgG using best available detection method (cell-based assay strongly
recommended)

3. Exclusion of alternative diagnoses

Former reports have already shown a significant frequency of the simultaneous detec-
tion of antiphospholipid antibodies as well as AQP4 antibodies in patients with NMOSD,
possibly leading to falsely diagnosed APS-associated myelitis in some cases [10].

Regarding the formerly mentioned myelopathy as a possible manifestation of SLE,
older reports have discussed several cases in which SLE patients suffered from myelopathy,
even with extensive longitudinal myelitis over four or more spinal segments in some cases,
which could also have indicated the presence of NMOSD. Unfortunately, AQP4 antibodies
had not been tested or taken in consideration [9,11–14].

In this case, because of the comorbidity with two competitive autoimmune disorders
and severe clinical manifestations, we decided on a combined immunotherapy with 1 g
MMF orally twice per day and 120 mg satralizumab subcutaneously every four weeks after
an initial loading phase. The decision was made in consultation with the Department of
Rheumatology at our hospital.

Satralizumab is a monoclonal antibody that was engineered to reduce the activity of
interleukin-6 by binding to its receptors. The drug received approval by the food and drug
administration (FDA) in the USA in 2020 for the treatment of adult NMOSD patients who
are seropositive for AQP4 antibodies. Compared to IL6-receptor antibody tocilizumab,
which has also been studied as an SLE treatment [15], satralizumab shows a fourfold
higher affinity to the receptor. The binding of the receptor leads to the inhibition of IL-6
downstream pathways, apparently reducing IL-6-mediated T- and B-cell activation and
preventing the differentiation of B cells into AQP4-antibody-secreting plasma cells [16].

Mycophenolate mofetil (MMF) is a prodrug of mycophenolic acid (MPA), which
inhibits the enzyme inosine-5’-monophosphate dehydrogenase, leading to the depletion
of guanosine nucleotides. This mechanism affects T and B lymphocytes and inhibits
their proliferation. It also inhibits the inducible nitric oxide synthase, which is thought
to possibly reduce nitric-oxide-associated tissue damage caused by macrophages [17].
MMF is used for the treatment of SLE, especially with the presence of lupus nephritis and
extrarenal manifestations [6]. It is also used as relapse prophylaxis in NMOSD patients,
although relapse rates seem to be higher in comparison to antibody therapies such as
Rituximab (RTX) [18]. In this case, MMF was chosen as an add-on therapy because of the
two competing autoimmune diseases and the demonstrated effect in both NMOSD and
SLE, as opposed to monotherapy with satralizumab.
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As the patient has not shown any signs of relapse within the observation period of
twelve months, the combined treatment will be continued as primarily initiated.

5. Conclusions

In this case report, the first detection of aPL antibodies occurred four years prior to the
first measurement of AQP4 antibodies. It is unclear whether AQP4 antibody synthesis had
already occurred in this regard. However, it should be noted that the previously presented
clinical symptoms (hemolysis, thrombopenia, etc.) were not compatible with an NMOSD
diagnosis. In our view, the possibility is given that the presence of aPL antibodies may
have led to the microvascular damage of the blood–brain barrier and, subsequently, might
have triggered an autoinflammatory reaction against AQP4.

Even though the formerly diagnosed SLE could also have sufficiently explained the
symptoms of the patient, it is important to reconsider competitive diseases in order to
establish an adequate immunotherapy.

In our view, this highlights the importance of thorough differential diagnostics in
patients presenting with myelitis and the consideration of other autoimmune diseases.
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