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vous system (CNS) that preferentially damages the optic 
nerve and spinal cord [1]. The presence of antibodies to 
aquaporin-4 (AQP4-ab) supports the diagnosis of NMO 
and facilitates the differentiation of NMO from other in-
flammatory CNS pathologies, primarily multiple sclero-
sis (MS) [2]. The newly recommended definition known 
as NMO spectrum disorder (NMOSD) introduced the 
area postrema, brainstem and diencephalon as addition-
al possible injury areas. The presence of aquaporin anti-
bodies against water AQP-4 channels in the serum and/
or CSF is a highly specific biomarker for the NMOSD 
diagnosis, although repeated testing is often necessary 
to confirm that the antibodies are present [3]. Here we 
report on a case of pediatric NMOSD, who was negative 
for AQP4-ab for 5 years while being treated with immu-
nosuppressive (IS) therapy, but who converted to posi-
tive status following the discontinuation of IS therapy, 
and who later developed CNS lupus.

Case Report
The patient is currently a 15-year-old African Ameri-

can female who initially presented with an acute episode 
of dysphagia and severe weight loss at age 8. On physical 
examination, she was found to have marked bulbar dys-
function with dysphagia and dysphonia, difficulty chew-
ing, and subsequent weight loss with recurrent pulmo-
nary aspiration and pneumonia. Please refer to Table 1 
for a summary of patient’s clinical course and treatments. 
A large brainstem lesion was noted on MRI (Figure 1a). A 
follow-up MRI performed five days later showed enlarge-
ment of the brainstem lesion as well as multiple areas of 
hyper-intensities and a diagnosis of acute disseminated 

Abstract
Neuromyelitis optica spectrum disorder (NMOSD) is a de-
myelinating disorder of the central nervous system that is 
distinct from multiple sclerosis and is primarily character-
ized by recurrent episodes of optic neuritis (ON) and/or lon-
gitudinal extensive transverse myelitis (LETM). The pres-
ence of aquaporin antibodies (AQP4-ab) in the serum and/
or cerebrospinal fluid (CSF) is a highly specific biomarker 
for diagnosis, although repeated testing may be neces-
sary to confirm its presence. Here, we report on a case 
of a 15-year-old African American female diagnosed with 
NMOSD following two recurrent brainstem events, which 
consistently tested seronegative for AQP4-ab for five years 
and maintained a stable clinical and magnetic resonance 
imaging (MRI) status. The patient was treated with my-
cophenolate mofetil (MMF) therapy for five years and re-
mained without relapse by MRI. At that point therapy was 
discontinued. Repeat surveillance testing six months after 
discontinuation revealed high positive titers of AQP4-ab, 
despite the patient being asymptomatic. Patient ultimately 
presented with altered mental status, and subcutaneous 
nodules were noted, prompting a rheumatological evalu-
ation, which was consistent with a diagnosis of systemic 
lupus erythematosus (SLE). Intense immunosuppression 
therapy provided full clinical and MRI recovery. Our case 
outlines the importance of monitoring AQP-4 antibody se-
ropositivity in patients with a high clinical suspicion, despite 
initial negative tests results. This case also challenges the 
often-provided recommendation for therapy interruption af-
ter 5 years of clinical remission and demonstrates the pos-
sibility of development of other autoimmune disorders like 
SLE in conjunction with NMOSD.
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Introduction
Neuromyelitis optica (NMO, Devic’s Disease) is an 

inflammatory demyelinating disorder of the central ner-
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A brain MRI showed improvement in the previous brain-
stem lesion however, it also demonstrated a new lesion 
extending from C2 to C7 (Figure 1b). Her spinal cord le-
sion was suggestive of NMO given the extent of the lesion 
beyond three vertebral columns. A diagnosis of sarcoid-
osis was also considered due to the elevated ACE level. 
However, ACE in CSF was normal (< 1 unit/L), calcium 
in the urine was normal, and no lymphadenopathy was 
reported on the chest CT scan and, therefore, sarcoidosis 
was ruled out. The patient was treated with steroids, fully 
recovered and was started on preventive mycophenolate 
mofetil (MMF). On follow-up MRI three months later 
the brainstem lesion was nearly resolved and the cervical 

encephalomyelitis (ADEM) was considered. Analysis 
of the cerebrospinal fluid (CSF) revealed no oligoclonal 
bands (OB’s), glucose was 74 mg/dl, protein was 19 mg/
dl, two nucleated cells, and no RBCs. After treatment 
with steroids and intravenous immunoglobulins (IVIG) 
her condition improved and she was again able to eat in-
dependently. Five months later, she presented with gait 
difficulties, repeated falls and distal paresthesias. The CSF 
analysis revealed no red blood cells, seven nucleated cells 
with 92% lymphocytes, glucose of 45 mg/dl and protein 
of 26 mg/dl, and was negative for OB’s. AQP4-ab in the 
serum was negative, but her serum angiotensin convert-
ing enzyme (ACE) level was 70 units (Normal: 40 units). 

Table 1: Timeline of events.

Date Symptoms Lab findings AQP4-ab Status MRI findings Therapy 
administered

May 2010 Bulbar dysfunction, 
dysphagia, dysphonia, 
pulmonary aspirations

CSF: normal protein 
and glucose; no RBCs, 
2 nucleated cells; OBs 
negative

Negative Large brainstem 
lesion;

Five days later 
multiple areas of 
hyperintensities 
(Figure 1a)

IV 
methylprednisone 
1 g/day;

IV IgG 0.4 mg/kg 
for 5 days

October 2010 Gait difficulties, 
repeated falls, distal 
paresthesia

CSF: No RBCs, 
7 nucleated cells, 
Glucose: 45 mg/dl, 
Protein: 26 mg/dl

Negative Improvement 
in previous 
brainstem lesion; 
new lesion from 
C2-C7 (Figure 
1b)

IV 
methylprednisone 
1 g/day;

MMF

October 2010-April 
2015

None - Negative Stable MMF 1500 g/day

June 2015 None - 123 U/mL (Positive) Stable MMF 500 mg twice 
per day

September 2015 Pain, visual problems, 
subcutaneous nodules

No OBs, Ig G/albumin 
index: 5.9, Glucose: 
63 mg/dl, Protein: 19 
mg/dl, VEP prolonged 
conduction on the left 
side

122 U/mL (Positive) Stable IV 
methylprednisone 
1 g/day

November 
2015-December 
2015

LLE paresthesia, 
blurry vision

ANA titer 1:2560. NMDA 
< 1.1. Glucose: 58 mg/
dl, Protein: 30 mg/dl; Ig 
G/albumin index: 0.89, 
low C3

Pachymeningeal 
enhancement 
(Figure 2)

IV 
methylprednisone 
1 g/day;

MMF 1000 mg/day

December 2015 Five days after 
hospital discharge, 
the patient has 
rapid deterioration 
in affect, withdrawn, 
mute, she required 
assistance with 
feeding and activities 
of daily living, became 
incontinent and was 
re-admitted. On 
physical exam, did not 
follow commands, had 
midline gaze without 
tracking, generalized 
swelling, persistent 
subcutaneous skin 
nodules and persistent 
variable tachycardia 
with occasional fever.

ANA titer 1:2560; 
thyroid microsomal

Antibodies 

Elevated, ENA 

SSA, 

ENA RNP Antibodies 
positive,

LOW C3, CSF IgG/ 
albumin index 3.0, 

123 units/mL Diffuse 
pachymeningeal 
enhancement

Plasmapheresis;

IV 
methylprednisone 
1 g/day;

5 day PLEX;

IV rituximab;

MMF 3000 mg/day;

IV IgG 0.4 mg/kg/
day for 5 days
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tion some nonspecific subcutaneous nodules were noted 
and as part of a vasculitis work up anti-nuclear antibodies 
(ANA) were tested, which on subsequent admission were 
noted to be highly positive (ANA titer of 1:2560).

Five days after discharge from the hospital, the pa-
tient had deterioration in her affect, and became progres-
sively withdrawn from her family and stopped commu-
nicating basic needs. She stopped talking or getting out 
of bed, required assistance with feeding and activities 
of daily living, became bladder and bowel incontinent 
and returned to the hospital. On physical exam at that 
time, she did not follow any commands, had midline 
gaze without tracking, had diffusely increased tone, and 
generalized swelling, with persistent non-specific subcu-

cord lesion showed significant improvement. The patient 
did not have optic neuritis at any time during her diagnos-
tic work-up. Given the significant improvement on the 
images and normal CSF cytology, central nervous system 
malignancy was excluded. She continued on MMF for 4 
years on 1500 mg/day and experienced improvement in 
her symptoms; her MRIs (brain and cervical) were com-
pletely normal over these 4 years. The following year a 
slow taper of MMF was implemented until the therapy 
was fully discontinued. Repeat testing of AQP4-ab during 
the acute as well as stable stages was consistently negative. 
Six months following the MMF discontinuation, while 
the patient was symptom free and with normal MRIs, a 
repeat NMO IgG test showed high positive levels (123 
units/ml and a repeated test 1 month later was 140 units/
ml). The patient was restarted on MMF on a slower titra-
tion. Two months later, now at age 14, she complained 
of increased generalized pain and visual problems. The 
repeat MRIs on presentation to the hospital were stable 
but the visual evoked potential (VEP) suggested pro-
longed conduction on the left side. An inpatient course of 
IV steroids helped her recover from the new symptoms, 
nearly back to baseline. A repeat lumbar puncture (LP) 
did not reveal oligoclonal bands, but did show IgG index 
of 0.3 (0.33-0.63). Further clinical course is also summa-
rized in table 1. The patient then presented a month later 
with paresthesias in her left lower extremity (LLE) and 
again with vague complaints of blurry vision. Although 
no evidence of optic neuritis was found on funduscopic 
exam or MRIs, the patient again was treated with a 3-day 
course of IV steroids (methylprednisolone 1 g IV daily). 
She demonstrated clinical improvement along with new 
mild pachymeningeal enhancement seen on MRI that at 
that time was thought to be due to recent LP. A repeat 
LP was done, which showed again IgG 5.9 mg/dl with no 
OB’s. At this time patient’s MMF dose was increased to 
1000 mg two times per day. In addition, at this presenta-

         

A B
Figure 1a: May 2010: Sagittal FLAIR revealed enlargement of the brainstem lesion as well as the presence of hemispheric 
lesions.
Figure 1b: October 2010: Sagittal T2 MRI of the C-spine revealed a non-enhancing lesion extending from C2 to C7.

         

Figure 2: Repeat MRI November 2015. MRI T1 with contrast 
showing diffuse pachymeningeal enhancement.
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age and had regular periods until she had her first acute 
exacerbation after 5 years of her disease. Since then she 
has been in amenorrhea. She denies any blurry vision, 
galactorrhea, extra body hair or acne.

Discussion
NMO has variable clinical manifestations that are not 

limited to the characteristic features of optic neuritis and 
transverse myelitis. Brain abnormalities in NMO and 
NMOSD are relatively common, and patients may present 
with brain involvement at disease onset without any 
additional symptoms [5]. Therefore, NMO may be difficult 
to distinguish from ADEM and MS, particularly in the 
pediatric population. The new diagnostic criteria of NMOSD 
include at least one of the six clinical characteristics (optic 
neuritis, transverse myelitis, area postrema syndrome, 
acute brain stem syndrome, symptomatic narcolepsy and 
symptomatic cerebral syndrome) along with detection of 
AQP4-ab, MRI findings are usually helpful in localizing the 
extent of pathology [6]. Our patient’s MRI findings were 
suggestive of NMOSD during her relapses, but were fully 
recovered within 1 year on MMF therapy.

NMO IgG antibodies are identified during active 
NMOSD disease and often they persist although fluc-
tuations with decreased levels are seen during effective 
treatment [7]. A stable disease under effective immuno-
suppressive therapy often may convert the AQP4-ab to a 
negative status [3]. Repeated AQP4-ab testing should be 
considered as a useful biological marker for monitoring 
NMOSD in individual patients and/or response to ther-
apy. Prior studies indicate that AQP4-ab antibodies may 
be detected in greater than 75% of patients with NMO, 
and that the clinical course of NMO varies between 
AQP4-ab positive and negative patients [8]. The sensi-
tivity of assays available for antibody detection varies by 
20%, which may contribute to a false negative test result 
in patients with NMO [1]. One study showed the sen-
sitivity of AQP4 antibody assay was 91% for NMO and 
85% for high-risk syndrome, but the specificity is 100% 
for NMOSD [9]. Repeated testing may be required, as 
NMO antibodies either in CSF or serum may become 
positive 3 years after the onset symptoms [10].

The presence of AQP4-ab at the time of an initial 
event suggestive of NMOSD is associated with high risk 
for relapses. Therefore, IS therapy is typically imple-
mented after an initial event, especially in the presence 
of AQP4-ab. If patient fails to respond to corticosteroid 
therapy, plasma exchange (PLEX) comes into consider-
ation and for a long-term decrease in relapses, rituximab 
can be effective. The value of therapies in acutely deterio-
rating patients can be inspected prospectively and should 
be distinguished from efficacy of long-term therapies in-
tended at the prevention of relapses [11]. The often-used 
recommendation to consider discontinuing the therapy 
after 5 years of stable disease has to be carefully consid-
ered as the new 2015 Weinshenker reviews are changed 
[6]. Our patient developed high titer of ANA, anti ENA, 

taneous skin nodules and persistent variable tachycardia 
in the 140’s-160’s, with occasional fever up to 38 degrees 
Celsius.

A repeat MRI of the brain showed diffuse prominent 
pachymeningeal enhancement (Figure 2), excessive for 
what otherwise would be expected with a LP performed 
4 weeks prior. Another repeat LP was done and was 
negative for infectious etiologies. At this point she had 
positive serum AQP4-ab of 123 IU/ml, elevated thyroid 
microsomal antibodies (while remaining thyroid func-
tion tests were normal) and the ANA titer from previous 
admission returned positive at 1:2560. An autoimmune 
encephalitis, possibly SLE encephalitis, was presumed.

Because of the development of pachymeningeal en-
hancement on MRI, rheumatology evaluated patient as 
well and a complete lupus work-up was performed for 
possible CSN lupus. She was diagnosed with neuropsy-
chiatric SLE based on Systemic Lupus International Col-
laborating Clinics Classification Criteria for Systemic 
Lupus Erythematosus [4]. Her criteria included: arthritis, 
positive ANA (1:2560) positive ENA smith, low C3 and 
low C4, and neurologic finding with acute confusion-
al state in the absence of other causes, including toxic, 
metabolic, uremia, and drugs. In addition, her ENA SSA 
was positive as well as ENA RNP, IGG was significantly 
elevated (6670 mg/dl), and subcutaneous nodules biopsy 
showed panniculitis; that all can be seen in lupus, but are 
not considered to be strict criteria. The patient was treat-
ed with plasmapheresis, but demonstrated no improve-
ment and completed only 5 out of a 6-day course due 
to transient bacteremia that required a central catheter 
change. At this time patient had persistently increased 
tone with some thrashing movements on the bed, ir-
regular head movements and tremulousness with some 
concern for seizures. Long term video EEG monitoring 
was performed and showed evidence of diffuse enceph-
alopathy only, without any evidence of seizure activity. 
There was some concern that the patient’s symptoms 
might have been related to an atypical NMO presenta-
tion, and patient then received a starting dose of an IV 
rituximab infusion for treatment after she demonstrated 
no response to IV steroid therapy and five days of plasma 
exchange (PLEX). At the same time, patient was contin-
ued on high dose MMF. The patient continued to be per-
sistently tachycardic and unresponsive.

By approximately the fifth week of admission a trial of 
a 5-day course of IVIG, 0.4 mg/kg/day was started, and 
the patient began to improve, although very slowly. Ini-
tially on physical exam her tone improved. Her general-
ized body edema and subcutaneous nodules subsequent-
ly resolved as well. The patient recovered significantly 
over the next few weeks, though she required intensive 
physical therapy initially, and then went back to school 
after 4 months, nearly at baseline functioning. Her re-
peat MRI became normal while continuing on a high 
dose (3,000 mg) of MMF, monthly steroids and IVIG. 
In addition, our patient had her menarche at 12 years of 
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anti ENA SSA, ENA RNP, and ENA SSA antibodies with 
low C3 with arthritis and subcutaneous nodules, and 
was subsequently diagnosed with SLE with CNS involve-
ment, in addition to AQP4-ab positive status. The neuro-
logic course could be an independent process if clinically 
evident SLE, Sjogren’s or positive autoantibodies coexist 
with NMO, or it may be a complication of a systemic dis-
ease making it difficult to make the accurate diagnosis 
which can ultimately also affect the choice of treatment 
in the acute setting and maintenance immunosuppres-
sive therapy [12].

An NMOSD diagnosis results in a higher probabili-
ty of developing other autoimmune diseases, including 
myasthenia gravis, inflammatory bowel disease, SLE, 
rheumatoid arthritis, Sjogren’s syndrome and immune 
thrombocytopenic purpura [13]. SLE associated with 
LETM disease modifying agents and NSAIDs are part 
of the treatment [14]. In a previous case series, use of 
immunosuppressants with corticosteroids has shown 
improvement, and in a separate study, a combination of 
cyclophosphamide with corticosteroids (CTX) resulted 
in 14% complete resolution of the symptoms and 59% 
partial recovery [15]. Rituximab appears to show dis-
ease stabilization and decrease in relapses in patients 
of NMO, [16] where interferon beta did not show any 
efficacy in preventing relapses and even resulted in ex-
acerbation of disease [17]. NMOSD patients require im-
munosuppressants to decrease the chances of relapses. 
Either azathioprine with prednisone or rituximab is rec-
ommended as a first line prophylactic therapy in NMO 
by EFNS guidelines while MMF (1-3 g/day), mitoxan-
trone (12 mg/m2) every 3 months or cyclophosphamide 
(7-25 mg/kg monthly for 6 months) are potential second 
line therapies [18].

Our report highlights the importance of re-testing 
patients for NMO-IgG antibodies even with normalized 
MRI’s, especially if discontinuation of therapy is being 
considered. This is particularly important in the pediat-
ric population in which the immune system may change 
along with hormonal and sexual development [19]. We 
additionally recommend that retesting for AQP-4 ab 
should be performed even after discontinuation of treat-
ment, as a monitoring tool of disease activity. This case 
should also emphasize the importance of the co-exis-
tence of AQP4-ab with other autoimmune disorders, like 
SLE and Sjogren’s syndrome [20].
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